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a video display deflection apparatus. 5, - dn pect ratio
qQther than 4 x 3 is used for vi deo productlon an aspect rati o conversion

" may be perforned to engg Hﬁtmg Wi ARDPCENTERED m%cp
tel evision receiver. For exarrp e, aw de as ect ratio program ma
formatted for display on a 4 x 3 tel evisi €Ei ver by adding 1 O

- blank top and/or bottonrhétrnv@ﬁuohowham 20vidéd adispRiyt eflpetidnspl ay,
with a 16 x 9 actiyve area in the 4 x 3 display area. A wi de screen

tel evi sion recei vétPR& & ¥Seri bed, for exanpl e, in published International
Appl i cat bon No. PCT/ USAf/ m&&speemaﬁoeothw DRSERERN s Mdedl €t vided

Rodri guez- Cavazos, peliytion] sn UspRbfVraiic cohvafsio hffy™e performed to
enable display of the program on a 4 x 3 consumer television
receiver. For example, a wide aspect ratio program may be
formatted for display on a 4 x 3 television receiver by adding

10 blank top and/or bottom strips, forming a so-called letterbox
display, with a 16 x 9 active area in the 4 x 3 display area.

A wide screen television receiver is described, for
example, in published International Application No.
PCT/US91/03822 entitled WIDESCREEN TELEVISION -

15 Rodriguez-Cavazos, et al. The display screen has a format
display ratio of e.g. 16 x 9, and a variety of alternative
_:_picture displays are made possible, including zoom or image
scale factor control and multiple picture display
arrangements.

20 It may be desirable to display the image content of a
baseband video signal conforming to, for example, the NTSC
standard that uses an aspect ratio of 4 x 3, on a display such
as a 16 x 9 wide screen television receiver. Where the
picture is in letterbox display format, the raster may be

25 expanded such that the picture fills the wide screen. The
horizontal displacement spans the full screen width. The
vertical displacement is expanded or zoomed by a factor of
4/3 such that the picture, without top and bottom black

. strips, fills the wide screen vertically.

30 Apart from controlling deflection to best fit the picture
of a wide screen program on a wide screen display, it may be
desirable to zoom a video program for other reasons. For
example, when showing a conventional 4 x 3 picture, the user

_ may wish to expand the picture, enlarging a certain area and

35 cropping off peripheral portions that are less interesting.
Such a feature is especially advantageous in connection with
a capability for vertical pannmg of the picture relative to the
display.
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manner e deflection current defines a ramping vertical
trace portion and a retrace which is synchronized to vertical
sync pulses derived from the video signal. '
Vertical zoom may be achieved by increasing the slope
or rate of change of the ramping vertical trace portion of the
vertical deflection current: This causes the beam to scan
across the screen in a shorter time, as needed for zeom, but
increases the time in which the beam is at its extremes of
deflection and the deflection current is at a significant level.
For example, if the deflection current ramp is made more

i Steep from the outset of a vertical field, the electron beam
reaches the bottom of the raster sooner. If the deflection

current rémains such as to hold at ‘the bottom of the raster,
e.g., at a small overscan position, the DC component of power
supply loading is increased with zoom, due to the need to
maintain the beam at the bottom of the raster until retrace.
The electron beam is blanked when not scanning |
actively across the display screen. One possibility to reduce
current loading is to reduce_' the deflection current to near
zero at the end of the zoomed scan, thus returning the beam

to the center of the screen while awaiting the next retrace. If

cathode ray tubes have significant spurious emission, the
beam location may be visible on the screen during retrace if
the retrace is slower than the usual time of about 600 to
about 1,100 microseconds. Returning the beam to near
center thus reduces the DC loading by the deflection circuits,
but relies on the blanking circuits and means for minimizing
electron emission during blanking, because any spurious
beam current may render the beam position visible, as a
horizontal line across the center of the display. In a cathode
ray tube, the electron gun has a heated cathode, and it is
difficult to block all spurious emission of electrons.

II|I|
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of a wide screen programon a w de screen display, itgarygh®:desirable to
zoom a video program for other reasons. for exanple, when show ng a
conventional 4 x 3 picture, the user may wi sh to expand the picture,

enlarging a certain aredtandy3b® desirable th'atpﬂi hgwv odverngei gefeadioporti ons

that are |ess |nter g ature | I n
connection wth gﬁ,&n\?etrst %:hgptagn%‘? %tg oRyc qc%&?x% ?@%?’%&ﬁ{%; g?ﬁegf
ranpi ng vertical dahe evertigal volanking pegind atoooreckiipme of deﬂcmfl@neamd al
anpli fier. A currgoi s@pSifdhe Gecidelat’ fhes Wthas okicind. NeTHE Hiedle ihys

and senseb the def PECHTSFUTIAg e, DlaftkingnBFTioterather than at the P | "

beginning or end., For a given image scale factor (e.g., a 4/3
zoom), the retrace could be timed to advantageously occur at
a central point in time within blanking. Advantageously, the
retrace may be centered in the blanking period adaptively

10 ' using a feedback control circuit to determine the appropriate
time to begin retrace during zoom modes such that the DC
component of the vertical yoke current is appropriately
small, accommodating any degree of zoom. The beam is thus
placed at its extremes of deflection in a manner that precisely

15 balances the times the beam is disposed at each of the two
extremes.
. In accordance with an inventive arrangement a video
dlsplay apparatus includes a vertical deflection winding
located on a cathode ray tube. A source of an image control

20 signal is provided which represents an image scale factor
selected from a range of values. A deflection ramp generator
responsive to a synchronization signal and to the image
control signal generates a ramp with a slope that varies with
the selected scale factor. A deflection amplifier is responsive

25 to the ramp for generating in the deflection winding a cyclical
deflection current having a period of a vertical interval. The
deflection current ranges between a first extreme and a
second extreme during a trace interval that is shorter than
the vertical interval by a time that varies with the selected

30 scale factor. A .rétrace signal generator is operable to return
the deflection current from the second extreme to the first
extreme during a retrace interval that is positioned within a
nontrace interval, but not generally positioned adjacent to
~ either end point.

35 In accordance with a different inventive arrangement, a
servo circuit is coupled in the feedback path of a retrace
signal generator for positioning a retrace interval within a
nontrace interval by means of servo feedback cortrol.

This Sheet Has Been Repl

MR




drives the deflection coil in a closed-loop negativeRgicgeddaoksmanner. The
defl ection current defines a ranping vergical trace portion and a retrace
whi ch is synchronized to vertical sync pul ses derived fromthe video

signal. 10 FIGURES ala,zbbrandrelyc ilustedteeamdnbgntiver easi ng t he
sl ope or rate of cbaRGRiRknt Ner ARGl Hekleton! LRREILOTLI 0N Of the
vertical deflection curég@b& ii causes the beamto séan across the screen
in a shorter time, as n r 23d6millusiratenddeslized myavaforms usefml cfort he

beamis at its extespiasniol thé timin%: furitefdriic ldfotheandrdde rilédd &ft i on
current ks at a si it | gvel . For exanple, if the deflection current
ranp i s §ade nor e E&Qﬁﬁc}ﬁﬁ\e outset of a vertical field, the electron
beam reaches the bott onFIGURI 3 rifkistratasocunerent, voltage amd | mingn current
-remains such as tOwg%fbﬁﬂsntﬂ%éﬁ’P%Pr@@ltafﬂlﬁgrﬁ%e&pergﬁon of the ©-9-. at a
smal | overscan position, the conponent of “power . ) "
arrangement of FIGIITPRES la-1c when top panning is provided;
FIGURE 4 illustrates comparable selected waveforms
10 useful for explaining the operation of the arrangement of
FIGURES 1la-1c when bottom panning is provided.
A sawtooth generator 100, shown in detail in FIGURE
1b, is controlled as to image scale factor and centering via a
microprocessor controller and retrace triggering arrangement,
15 as shown in FIGURE 1a, producing vertical deflection signals
that are coupled to the vertical deflection coils via an output
-stage, as shown in FIGURE lc. Corresponding symbols and
‘numerals are used throughout the figures for corresponding
~ signals, -items or functi_ons.
20 A vertical synchronizing signal SYNC of FIGURE 1a is
' coupled to a vertical timing generator 10. Signal SYNC is
produced by a video detector 9 of a television receiver that
processes a baseband television receiver signal SNTSC, for
example conforming to the NTSC standard. The elapsed time
25 between consecutive occurrences of SYNC in signal SNTSC
accounts for a vertical interval equal to 262 1/2 horizontal
video line intervals that define a given picture image or field.
Generator 10 includes a microprocessor 10a, shown in
FIGURE 1a, that generates a vertical cycle synchronizing pulse
30 signal for triggering vertical reset. Under user control, for
example via a remote controller, microprocessor 10a
generates a pulse signal A, as shown in FIGURE 2a, that is
delayed by' a controllable amount TD relative to pulse signal
SYNC as seen in FIGURE 2e. By delaying the occurrence of
35 vertical reset relative to the SYNC pulse, microprocessor 10a
controls panning of the picture on the screen. The delay may
be, for example, a small fraction of the vertical interval
between occurrences of SYNC for top panning, or a larger
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supply loading is increased with zoom due to the ne fpigtain the beam
at the bottomof the raster until retrace. The el ectron bedmis bl anked -
when not scanning actively across the display screen. One possibility to

reduce 25 fraietioAnlessOdH G ifallt fhibAFHIC Fof NSordsrn! ?ﬁhhﬁig,céf rent to
near zero at the end of the \igorred scag,,h thus returni pl?cfh he.beam tq the
center of the screBRYWAFT%S 1BuBFIWSRR-t hd hfegmout By v P HLeRaly A upes
have sigrii fi cant spfirFiGildRBri2asiondeldyed lvaries | incatcondaney withviles ldegres t he
screen during retr | §:3.0 . rel raGe ks, sl ower than the usual :
time of about 600 tage%%%nﬁﬁg1t,hf(5018mr%9%i}s?§%o§%s&l% ﬂg urning the beam to near
center tRus reduces theSignal ARhEFIGUREa1ds couplegnbyia sesistor Rés ol i es

on the bl anking cifiitfiggandnpaansf fa0pulieisietdlied HigFloPrUem smdon during
bl anki ng, because gn ates. | Ouﬁegdi‘?l edge of beegticca!frl[eesg't: sigral %éEIIhe
beam position vi sBBiEFaless e g edg a g
in the normal non-zoom mode of operation. A logical OR
function with an input signal D is provided by a transistor
10 QO04, for controlling the timing of the leading edge of the
vertical reset signal VRESET in the zoom mode of operation.
The base of transistor Q04 is coupled to input signal D,
generated according to FIGURE lc, from a current IERROR.
Current IERROR represents the difference between a
15 reference current level and an average vertical deflection
~ current generated from a power supply powering the vertical
“output stage. As explained more fully below, the current
‘error IERROR provides a ramping input voltage, represented
by signal D, at the leading edge of vertical blanking pulse B
20 (see FIGURES 2b, 2d and 3e).
When the ramping input voltage reaches the threshold
- of the triggering input of flip-flop UO7, the leading edge of
signal VRESET is generated at a signal line C. The leading
edge LEVRESET of the VRESET pulse, shown in FIGURE 2c,
25 initiates vertical retrace. Vertical retrace is thus controlled to
occur earlier or later as a function of the difference between
the deflection current produced by the power supply and a
reference level. The circuit minimizes the DC current loading
. of the half supply arrangement by equalizing the time during
30 which the vertical deflection current is at its extremes
following the vertical trace, and responds adaptively to
variations in the amount of time between the end of the
current vertical trace ramp and the beginning of the next
cycle trace ramp, that results from variations in the amount
35 of zoom and the corresponding variations in the slope of the
vertical trace ramp.
Immediately after the trailing edge TEVRESET of signal
VRESET, a transistor UO1A of FIGURE 1b becomes
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hori'zontal |ine across the center of the display. Ir}}@ cgﬂbgge ray tube,
the el ectron gun has a heated cat hode, ?_;d it is difftedl bl ock all
spuri.ous em ssion of electrons 31t y be desirable that a | ow average

derl Bcty o S eI P oA SORAN BT e P e
period at the otheef eittrampsistorTil0OGAt phca veliage-to-current (¥/Burconyerteng t he
S TELPer! o8 It st Sadner O o pipdin € ke e
zgl\a/laﬁt aggousl y 6%6@'3?8_416@1%862@ A r%i]oH frllfé t‘ﬁi Hlamvgﬁgpg}g_deﬂection
Advant agbously, thsignal VSAW, shown in FIGURE 1b. The slope of ramp TRACE
' of deflection signal VSAW is determined by the magnitude of
controllable collector current IURAMP of transistor UOGA.
V/I converter 21 is controlled by an analog voltage
Z0OOM which services as an image scale factor control signal.
10 Voltage ZOOM is generated by a digital-to-analog (D/A)
converter 10al coupled to the microprocessor 10a as shown
in FIGURE 1la. Voltage ZOOM represents the degree of zoom
required by the user, and is arranged in the circuit to vary
_ the rate of change of a vertical deflection current iy applied
15 to a vertical deflection coil Ly as shown in FIGURE lc.
Voltage ZOOM of FIGURE 1b is coupled via a resistor R49"
“of FIGURE 1b to the emitter of a current control transistor
'Q07. An adjustable voltage V-SIZE, that may be adjusted
manually using a potentiometer (not shown), is coupled via a
20 resistor R22 to the emitter of transistor Q07 for picture
height service adjustment purposes. In addition, a DC supply
voltage of +12V is coupled to the emitter of transistor Q07 via
a resistor R21. The base of transistor Q07 is coupled to a
diode CRO2 that develops a temperature compensating base
25 voltage equal to the forward biased voltage of diode CRO2.
The voltages that are coupled via resistors R21, R22 and R49
produce a collector current in transistor QO7 that controls the
voltage at the base of current source transistor UO6A. The
base voltage of transistor UO6A, determined by the collector
30 current of transistor Q07, is developed in a series
arrangement of a temperature compensating transistor U06C,
whose base and collector are coupled to function as a diode,
and a resistor R14 that is coupled to a -9V supply.
: A resistor R16 is coupled between the emitter of
35 transistor UO6A and the -9V supply voltage. " A transistor
UO6B has a base voltage that is equal to the base voltage of
transistor UQOGA. A potentiometer resistor R43 is coupled
between the emitter of transistor UO6B and the -9V voltage
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retrace may be centered in the blanking period adaptipeel Y7095 usi ng
a feedback control circuit to determne-he appropriate tinme to begin
retrace ‘during zoom nodes such that the DC conponent of the vertical yoke

current is approprsupplyy shratdsister CRI®Ditatbigledn betwaseethef eminsr dfhe befilmS
I's thus placed at | S¥%r UBEA° eflect.ion,hn a nner p bsely
bal ances the ti rresér%iﬁggg%al{im | sAd%g%o%lidg@Psgaﬂﬁ qu?ﬁgﬁ_t \ﬁg‘@ 't 2?‘??’&.0‘% n
accordance with anrgSistent Rﬁ@ arrangenent, a video display apparatus
includes a vertical def\wien @BnWcRITAP i9GAbGED Vlose 8! tHeduid@lod WEethe

source ok an, L% SRL 9% Fansisrar, U0T A esibh A nbl e R G
gener at or responsine ¢ffect opnche oomitiesr aursergnin ansistort 6 Avbecauset r ol
signal generates apbagifk} dlialeRt taRkistd 'UBY § equal to that of
transistor UO6A. On the other hand, when contact TAP is
édjusted closer to the -9V supply, resistor R18 is coupled
10 . more in parallel with resistor R16. Potentiometer resistor
R43 thereby adjusts the current gain of V/I converter 21 to
enable compensation for tolerances of capacitor CO03,
producing the sawtooth voltage as current is drawn by
transistor UQGA.
15 Voltage VSAW from capacitor C03 is coupled to the
base of a transistor UO1B. Transistor UO1B is coupled with a
“transistor UO1C to form a differential pair. The base of
transistor UOIC is coupled to one terminal of a resistor RO9,
| having an opposite terminal at ground potential. A transistor
20 UO2A draws a current I0, setting the voltage at the base of
transistor UO1C through resistor R09. The base voltage of
transistor UO1C tracks variation of height adjustment voltage
V-SIZE so as to maintain vertical centering. Current IO
provides a zero current reference, setting voltage VSAW to a
25 level that produces a correctly timed zero point to the
vertical deflection current, as explained later on.
To develop current I0 through transistor UO2A in
FIGURE 1b, a second V/I converter 21A, similar to V/I
convertor 21, is utilized. A transistor Q09 produces a
30 collector current that tracks the collector current in transistor
QO07, when an adjustment in height adjustment voltage V- '
SIZE is made. Voltage V-SIZE is coupled to the emitters of
transistors Q07 and Q09 via resistors R22 and RS56,
respectively. "The bases of transistors Q09 and Q07 are

35 coupled at the cathode of diode CR0O2 and are at equal
voltage. Transistor U0O2B and resistor R0O6 form a
temperature compensated main load with respect to the
collector current of transistor Q09. A similar load with
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t'he sel ected scale factor. A deflection anplifier isk S jy¥e 25
to the ranp for generating in the deflegtion winding a cyclical deflection
current "having a period of a vertical interval. The deflection current

ranges between a frekéceXd ' @it caNcdrSEaREf Bt HANBIstOY iQO7 dist Farafed NBgr val
that is shorter than the vertical |nter§¢ﬁéy a,ting th ‘(Xﬂarl,[es wththe
selected 3 0 the petyyerk of; thansispor, eaRd JesIstOl R 4t or TRRSISHRT abl e

to returg the def | @02Aorofc M/l ecdnverosn A sprodudesx¢ureent tI0. t he first
. ; . ; i Sty
crirere, Ot o o el Sk Bl oROR WEBEE, WG IETLYASE:

i nterval , but not genera ! ; 0 ei I end poi
I n accordance wit AMPeoE riransistont Y08 Aarin adgeaynto, maigtainoventicadi t i s

coupled in the fegihashnpafaffected Qvheéf CaStRAM e AN HeRERI AdjistBsitt | oni ng
a retrace interval, sige & 31ZE"00euRC The Hacking locturs because of circutt 2 ¢
control yoltag § ¢ tracking u
symmetry, for example, the symmetry with respect to |
transistors UO6A and U02A. A transistor U02C produces the
10 ' emitter currents of transistors UO1IC and UOIB. An emitter
resistor R17 establishes the value of a base voltage-to-
collector current ratio in transistor UO2A. A resistor R49A
couples a voltage CENTER, generated in a D/A converter 10a2
of FIGURE 1a, to the emitter of transistor Q09. Voltage
15 CENTER is controlled in a manner to produce approximately
equal collector currents in transistors Q09 and Q07 when the
“zoom mode is not selected. Voltage CENTER compensates for
'a non-zero offset value of voltage ZOOM when the zoom mode
is not selected. |
20 The base voltage of transistor UOIC of FIGURE 1b is
controlled by current I0. The values of resistor R0O9 and
current 10 are selected such that the base voltage of
transistor UO1C is equal to the level of voltage VSAW at the
base of transistor UO1B at the time of the midpoint of the
25 image interval, when the regular (non-zoom) mode is
selected. Advantageously, as a result of tracking between
V/I converters 21 and 21A, any change in size adjustment
voltage V-SIZE and in the 12V supply voltage does not affect
a ratio between. currents I0 and IURAMP. The resulting
30 variations in currents I0 and IURAMP maintain the base
voltage of transistor UlOC at the level of sawtooth voltage
VSAW that corresponds to vertical center for each level of
voltage V-SIZE and of the 12V supply voltage, until
saturation occurs. Therefore, vertical centering is,

35 advantageously, unaffected by adjustment of voltage V-SIZE
that is used for adjusting picture height. The emitters of
transistors UO1B and UO1C are coupled via emitter resistors
RO7 and RO8, respectively, to the collector of transistor U02C
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4 FLGURES 1a, Ib and 1c illustrate an inventive enbodk@an8/&F5a verti cal
defl ection circuit; FIGURES 2a-2e illust9ate idealized waveforns useful for

explaining the timnpg functi onﬁ of the_arrangenent of 5 FI GURES
| aZlc; FIGURE 3 il Ithak canuele the estm of) thggemitter quirerfSwavidiohaseusef ul

for expl aining tgemmfa bﬁrtzafsliﬁtbﬁ Iaon@ngﬁrtﬂats@fé? Fdﬁﬂﬁﬁstdfgtr&ﬁsi&?&n toi) 0
panning 1S provi degq, . tr esS C ar apl e waver or ns
%{ he ng{lh Véﬁgagﬁeogﬁ%fﬁég%n@ﬁg& RES la- 1c

useful for explainit
when bot t om panni ngppsoximatelyjedqual to that of transistor U02B, produces an
5 ~ emitter current in transistor U02C that is determined by a
resistor RO5. '
During vertical trace in the zoom mode, such as during
interval t0-t1 in FIGURE 3b, transistors U01B and UOIC form
a differential amplifier. The collector currents of transistors
10 UO1B and UO1C develop, in corresponding collector resistors,
voltages that are coupled via emittgr follower transistors 71

and 70 to develop sawtooth signals VRAMP2 and VRAMPI,

respectively.
FIGURES 3a-3f illustrate waveforms useful for
15 explaining the operation of the arrangement of FIGURES 1la-

Ic. Blanking signal B, vertical reset signal VRESET and
“retrace timing signal D are shown again in FIGURE 3e for
."comparison with the current and voltage waveforms of
FIGURES 2a-2d and the functional timing diagram of FIGURE
20 3f, and in connection with the amount of zoom shown in
FIGURES 3a-3d. .

Signals VRAMP1 and VRAMP2 of FIGURES 3b and 3¢,
respectively, are complementary signals that change in
opposite directions during the vertical trace interval tO-tl.

25 The waveforms of FIGURES 3b and 3c that are drawn in solid
line occur in the zoom mode of operation, for comparison with -
the waveforms in dashed line, occurring in the regular or
non-zoom mode of operation. An even greater degree of
zoom is shown in dash-dot line. Vertical trace occurs

30 between, for example, time t0 and t1 when the zoom mode is
selected, and between time t0 and time t2 when the zoom
mode is not selected, as shown in the waveforms of FIGURES

3a-3d.
. A DC coupled deflection circuit 11 of FIGURE lc, is
35 controlled by signals VRAMP1 and VRAMP2. In circuit 11, a

deflection winding Ly provides vertical deflection in a
cathode ray tube, CRT 22, for example of the type
WB86EDV093X710, having an aspect ratio of 16 x 9.

This Sheet Has Been Reﬂlaced




A sawt oot h generator 100, shown in detail in FIGURE R, iy Gﬁnrolled as to
i mage scale factor and centering via alm,croprocessor cont rolTer and
retrace tri ggerl ng arrangenent, 1 5 as shown in FIGURE | a,

produci ng vertical def|Winding digrisl sogled ar setievpitth hodéflectign tical

Symbol gﬂdcﬁhlnirl‘E’Tg‘?‘egﬁ&ﬁﬂf’}ﬁﬁ%ﬁd&uﬁ@gowwn L g esislon RAg " "
signals, items or YUKIGWRE. lgoform a series arrangement; that issgoupledni zi ng
si gnal SYNC of Fl C&R&dea iafi @atﬁﬂte@eﬁrﬂnal VFIB &ia'ant 'ammﬂf;&erl%ata% 10.

Signal SYNC is pradu eV| Si gn recei ver that

C a Vi e ct or
processes a basebam&'cﬁgpe\};?ré‘i”é‘ﬁ gl:‘é @ QOWI C decguplirgnpapacitor
conforming to the (ISHSCAstrendmrdRmheoﬂaplepSzetiu gl;e volfage V+, for b&taiBpr

F(rjltr]ZrG\C/;It ' ‘égugfcggr%eﬁ;lg o Ngrl'nﬂﬁl' 918 vidVhRCeRtit te%n%oilgv%r Araridlos?!
- Transistor Q46 produces a DC voltage +V/2 at terminal
llc that is equal to about one half of voltage V+, in particular
10 about +12.4 volts. The half supply voltage is determined by
' coupling the base of transistor Q46 to the junction of voltage
dividing resistors R91 and R92. A Junctlon terminal 11d,
coupled between winding Ly and resistor R80, is coupled via
a feedback resistor R60 to an inverting input terminal of
15 amplifier 11a. Terminal 11c of resistor R80 is coupled via a
resistor R30 to a noninverting input terminal of amplifier
“1la. A negative feedback voltage is developed across resistor
'R80, representing the current in deflection coil Ly, and is
applied to the input terminals of amplifier 11a. Amplifier
20 ' 11a develops an output voltage as needed to cause the
deflection coil current to track the voltage drive signal
applied to the amplifier, as derived from sawtooth voltage
signal VSAW by way of complementary voltages VRAMP1
‘and VRAMP2. |
25 Complementary sawtooth s1gnals VRAMPI1 and
VRAMP2 are coupled via resistors R40 and R50, to the
noninverting and inverting input terminals, respectively, of
amplifier 11a for controlling deflection current iy.. |
Differences between signals VRAMP1 and VRAMP2 due to
30 component mismatch or offset voltage tolerances, for
example, are compensated by a potentiometer 88 that is
coupled between the collectors of transistors UO1B and UOIC.
The vertical trace portion -of deflection current iy begins at
time t0, shown in FIGURES 3e and 3f, when signals VRAMPI
35 and VRAMP2 begin to ramp from one extreme toward the
other. ' |
When top panning is utilized, signal VRESET of FIGURE
2c, is produced from or synchronized to the vertical
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video line intervals that define a given picture image or_fjeld. Generator
10 includes a mcroprocessor 10a, shown in FlI GURE | a} Cn &7 ggﬁerat es a
vertical cycle synchronizing pul se 3 ol! signal for triggering

tical t. Und t y o I | e ' ntroll
i cr oprocessor 10:0enEeauSs hutee sigft) SYNE Sadwhof FICURERE oo 't
i s del ayed by a ccﬁttgnalISﬂSNC asoassocifbed ewithi. vlmtmcmrbsmferlglaabnsﬂm as .
seen in Fl GURE 2e. v@fk?ﬂaﬂ‘%‘?mﬁ ‘?ﬁ%igﬁﬁ“?glﬁc%ﬁd occurs in{fe] actﬁ‘h' reset

relative to the S M Cr opr oces oIs anni n
picture on the sd?ré%tomuaégwnMyabéMAGE ek signd, SN'Lyg | lI“lf’aﬁétlon of

the vertgcal interingdrvRPlIMAGECGUFIGURE 2¢ cofithinsOthd PicR@BNinférmatiod
larger REPLACEMENT; 2HEETo be presently displayed on CRT 22 of FIGURE lc. The
vertical trace portion of deflection current iy begins after the
same delay time relative to the vertical sync. pulse (which can
- be changeable when varying the extent of vertical panning),
10 in each successive field or image interval. As a result,
deflection current iy of FIGURE 1c is properly synchronized in
each period.. Therefore, advantageously, field-to-field
variations of sync signal SYNC will not cause vertical position
' jitter of the displayed picture. :
15 ~ FIGURE 3a illustrates in solid line the deflection current
iy waveform when a first exemplary amount of zoom is '
'?_'s'ellected, and in dash-dot line the deflection current for a
higher degree of zoom. The non-zoom regular mode is shown
by a dashed line wherein the trace portion of the deflection
20 current occupies most (*15.7 mS) of the 16.7mS interval
' between successive occurrences of SYNC. FIGURES 3b-3d
illustrate respective voltages using the same line conventions,
and FIGURE 3e is specific to the amount of zoom shown in
 solid line in FIGURES 3a-3d. FIGURE 3f illustrates
25 - schematically an example of the timing diagram of signal
SNTSC of FIGURE 1a, for the first exemplary amount of zoom.
Interval 301 of interval IMAGE in FIGURE 3f would contain -
the picture information for the top half of the picture
displayed in a non-zoom mode of operation. An interval 300
30 contains the picture information of the bottom portion of such
picture; however, interval 300 is not used because the picture
is zoomed such that interval 301 is used for the whole
vertical display area. During interval 300, the video is
blanked.
35 Signal SYNC, occurring at the time shown in FIGURE 3f,
"~ controls the beginning time of vertical trace in this top-
panning mode. Vertical trace therefore begins, in each
vertical field, at time t0. A top panning mode of operation is

heet Has Been RTlaced

\\Il\ll\ I



5 fraction .I ess than a full interval, for bottom pagg(%g,s? pighywhere in
bet ween. The anpunt by which pul'se si gﬁgj A of FI QU a i eI ayed varies
i n .accordance with the degree of -panni that is required by the user. 5

Signal A of FI CURRHired Somel ofl Btisim’ BBHABAT of ihel Qidfiayta % fird Ut of

a pul se stretcher fI| -1 gener-at es | e
velrotlcal reset si dff: BWE%ET%&FICPW& ABiowAL ﬂ'&i‘ﬂ-i‘oé‘?ﬂ rﬁR{é‘ gP%pt ithe. A

| ogi cal OR functi oasxample af FIGURES BwBf eépichy anaxietumy tép tpandngt or 1 0

4, f troll t f h e r Ireset
S ohal VRESET in ths,B0sh Mlcadse'a g@ i ﬁ%ﬁd‘%ﬁéﬁgo‘?’g FYE Vg 15
coupl ed fo input sfgirteryal é@he@%tﬂ UREoB{i ¢apable mfwmvlﬂéngfplgmre current

| ERROR. information in the non-zoom mode of operation is also the
first video line to provide the picture information in the
maximum top panning mode. As discussed below, it is also
possible to use a bottom panning or a centered arrangement.
10 However, top panning is discussed first for purposes of
simplicity.
In regular, non-zoom operation, the beginning time t0
of a trace portion of current iy of FIGURE 3a, shown in dashed
. line, may be delayed slightly less in order to keep the same
15 video picture eclement at the top of the screen. The difference
in delay compensates for the difference that occurs in the
“beginning of vertical trace, between the rate of change of
‘current iy of FIGURE 3a in the zoom mode of operation and
that in the regular, non-zoom mode of operation.

20 The example of FIGURES 4a and 4b illustrates a
comparable case wherein the last video line BOTTOM of
interval 300 of image interval IMAGE is arranged to occupy
the bottom of the display screen, i.e., at maximum bottom
panning. Similar symbols and numerals in FIGURES 4a, 4b,

25 3a-3f, 2a-2e and la-l1c are used for similar items or
functions. The delay between SYNC and the commencement
of the trace ramp in current iy of FIGURE 4a with respect to
signal SNTSC of FIGURE 4b is significantly longer than the
delay according to FIGURE 3a, as needed to expand or zoom

30 - the bottom portion of the picture rather than the top. It will
be appreciated that by choice of an appropriate delay, which
can be by horizontal line counting or the like, a top pan or
‘bottom pan, or any position in between may be selected.

_ It is advantageous for purposes of circuit simplicity to

35 utilize a deflection circuit 11 as in FIGURE Ic, relying on a
positive supply voltage V+ and not requiring a negative
supply voltage for generating an alternating deflection
current iy. A half supply voltage +V/2 is derived from the
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Current | ERROR represents the di fference between a 1 015" ef erence
current |evel and an average verti cal ? | ection current génerated froma
power supply powering the vertical -output stage. As explained nore fully

bel ow, the currentfgy s@pplyERRHRgRr V4!, dé{ﬁ.,aZGaVBltE‘,g fbx_“l@lﬁviﬁ?' theddeflection
represented by signal .D, % t he |, eadi ng e%ﬁe (ﬁuiertlcal H anki ?@ gu&,se B
20 (see FIESYRES Syrreng Umdtng)resiften RTL is coHRIgd; W ¥PIH8E Xde
reaches the threshordgeferatingt rvigoaansiston@460fthé | half f SupplyOvoltage aeadi ng
edge of signal VREE@E ofqer at ed at a signal line C. The |eadi ng edge

LEVRESET of the VI ul se;” shown in FlI GURE 2c, 25 initiates
vertical Sretrace. Vertlitcisl desirableetq geduge thenaveragedor oD6ccurTedsr | i er or

later as a functi qhréigh Neurdédd qfirneﬁﬁﬁ% hesies RT® stefthaetd Qargelrrent
ItO Lgdtsgegulro?/etnP e| 2§§§{§§n“c%p'cxnat§‘ed uSed: elrheenigrglee\(/gilie T)?ere%isrtgy 'li76” g M 28
desirable to provide for current limitation so that excessive
deflection current iy may be prevented if a fault condition
10 occurs. Such fault condition may occur, for example, if output
terminal 11b of amplifier 11a is shorted to ground. It may
also be desirable to prevent excessive deflection current iy in
order to avoid damage to the neck of CRT 22 by a beam
current strike. _
15 - In accordance with an inventive feature, the average
value of the deflection current iy is reduced or limited, in the
“zoom mode of operation. Referring to FIGURE 3a, this is
"accomplished by adjusting the timing of the leading edge of
VRESET so that retrace commences at or near the midpoint of
20 the interval between time tl, when trace is completed, and
time t2, immediately prior to the beginning of the next
vertical trace. Thus, the vertical retrace interval ta-tb is
positioned within the nontrace interval tl-t2, but is not
generally adjacent to either end point t1 or 2. By balancing
25 the time at which the deflection current is at its opposite
extremes, the average value of the deflection current is
minimized. '
As shown in FIGURE 1c, the collector of half supply
transistor Q46 is coupled to the positive supply V+ through
30 resistor R70, and the base of transistor Q46 is coupled to a
voltage divider having equal value resistors, R91 and R92,
thus setting the base voltage of transistor Q46 at half the
level of V+. The emitter of transistor Q46 is thereby
regulated to half the voltage at V+, less the forward biased
35 base-emitter voltage of tramsistor Q46. The current Is
supplied by the half supply, flowing through resistor R70,
produces a voltage signal at the collector of transistor Q46
representing the level of current Is. This voltage signal is |
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of the half supply arrangenent by equalizing the ti Beo gi‘urprqgll
which the vertical deflection current ig at its extremes followi ng the

vertical trace, ‘and responds adaptively to variations in the anount of tine

between the end offutéledcw thé MO drkalinéidsfg ' SdPacidy U hed ﬁraslaﬁ)r@f the

next cycle trace r g_, e%éts flgﬁqg] var| a |aons n th armun{1

of zoom and the c r#(:; i 2RR tpnthe, base Bt *YRE /8P f’(%l trace

ranp. | nmedi at el ytﬂﬁtsestot H@78r aiThexhervpek Tel/EApaEitof CVhnaid resREGUSCEMVEN

SHEET 6 nonconductli-)/le.andéxlp%cwr’h?% ilfRSrator applying to error ampffier

5 Q73 a voltage that varies with the average current supplied

through half supply transistor Q46. The output of the error
amplifier transistor Q73 is a current proportional to the '
amount by which the half supply current exceeds a reference
level of about 13 mA according to the circuit values of the

10 embodiment shown. The half supply emitter resistor R79
sinks about 21 mA. Feedback via diode CR71 causes the
circuit to regulate near 21 mA, keeping supply transistor Q46
in conduction during at least a portion of the vertical interval.

Referring to FIGURE 1a, the current output IERROR of

15 error amplifier transistor Q73 is coupled to a timing capacitor
C17. The timing capacitor is disabled by a timer switch Q02
“and an inverter QO1, except when signal B is high. Signal B is
‘the vertical blanking signal generated by microprocessor 10a,
and is at the high blanking level except during vertical trace.

20 - - It is used by blanking circuitry, not shown, to blank the
screen of CRT 22. In the zoom mode, the leading edge of
blanking occurs earlier than the vertical timing signal A,
generated by the microprocessor to initiate a new vertical-
trace in the non-zoom mode.

25 Current signal IERROR from error amplifier Q73 in
FIGURE Ic is coupled to capacitor C17, charging the capacitor
to produce a voltage signal D as shown in FIGURE 2d (see also

" FIGURE 3e), that ramps upwardly at a rate proportional to
IERROR. This timing signal D is coupled to the base of

30 transistor Q04, which forms a buffer between capacitor C17
and the threshold input of flip-flop IC UO7. The threshold
input of IC UO7 is one input to a comparator U7a, the other
input being coupled internally to a voltage divider setting a
threshold of about 3.4 volts. When the buffered ramp

35 exceeds the threshold level, the set input of the
flip-flop FF in IC UO7 triggers, causing the Q output of flip-
flop FF to go high and the low-true output at pin 3 to go low..
This low-true output is coupled to the base of a transistor
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of a transistor UO6A of a voltage-to-current (V/I) CQJE’ﬁr%?Ol?l’ t hen
charges a capacitor CO03 to produce a voﬂgage ranp that ‘defi’nes the trace
portion TRACE of the vertical deflection 5 signal VSAW shown in

FIGURE | b. The sl opa0pf whithi cliRips thé VIRESET isihali ONidilgh Y $iidaitingdat fisei ned
by the magni tude of contlrol | abl e col | ect or g)xrrent. | U transi stor
UOBA. V/ I convert eV SBICISTHIIG Y SLABDING, VOILASSy SIENA a Whhi ch

servi ces as an i magansisedrs Udtdorandoki0lB iai BIGURE 1b. Simultanégushye ZOOM
is generated by a gigi - I [ ); . C e 0

m cr opr ocessor 10aﬂ{aeg (_)s ‘\IA}rtw%Fn | M@‘"\WYQQZ @él%laérne;ar g’%{%‘ﬁﬁé&fgpf
degree ofd zoom reqt® r@dcwgtehélm#%r capaitors C'alr7r-anged. inthe circuit to vary
the rate of change of aTger hhfo%'rltd@F'cﬁﬁeh@WERR(ﬁI‘EJﬂoﬂué‘éWbyeC{hé &rror

FLGURE | b i< coupl SRlfHrack d37Y By FRGYIRE' fo s “aciermired By’ B cfnitter”
voltage set by the voltage divider of resistors R75 and R77,
and by the voltage signal at the base of transistor Q73,

10 coupled from the collector of the half supply regulator
transistor Q46 by resistor R71. The gain of the current
amplifier is set in conjunction with the value of timing
capacitor C17 (FIGURE 1a) and the threshold defined by the
internal voltage divider in IC UO7 such that the threshold is

15 reached and retrace is initiated at a time causing the
deflection current during retrace to cross zero current near

- the midpoint of the blanking interval, as shown in FIGURE 3a.
“As a result, the DC component of the deflection current is
appropriately small, and can be zero or a small absolute

20 value.

) The timer IC UQ7 remains in a state clamping VRESET
high, until the vertical blanking signal B from microprocessor
10a drops below the trigger input voltage of IC U07. The
trigger input of IC UQ7 is also arranged to be coupled to a

25 comparator U7b which triggers at about 1.7 volts. When this
occurs, signalling the beginning of a new vertical trace, output
pin 3 of IC UQ7 again goes high, releasing the clamping of
VRESET and allowing VSAW to begin a new trace ramp.
Simultaneously, IC UQ7 releases discharge pin 7, enabling

30 timer capacitor C17 for timing during the next vertical
blanking pulse B.

Vertical timing signal A from microprocessor 10a is
OR'ed with timing ramp signal D via resistor R73, coupled to
the threshold input of IC UO7 and the emitter of buffer

35 transistor Q04. In the normal (non-zoom) mode of operation,
timing ramp signal D may not reach the threshold level at the
input of IC UQ7 before the leading edge of vertical timing
signal A. In that mode, the leading edge of timing signal A
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of FIGURE Ib to the emitter of a current control traggistgmof®7. An

-adj ust abl e voltage V-SIZE, that may bejgdj usted manually using a

~potentioneter (not shown), is coupled via a 20 resistor R22 to the
emtter of transisders theAlipeflopi it GCeUT ghd ﬁﬁtmeseclad)pmgrreﬁtVRES@Bes

'Itpaﬁgldls: i)?nQN Vi aﬁgpBéé?é?l)éﬁgﬁgk{'hgxbcggéngﬁyﬂ gﬁgls hteh?e(fghkt g@%% Ped to

a di ode CRO2 that timirg oignal tenperature conpensating base 25
vol tage equal to the fOI‘H@rtﬂrth@%i%dth’ﬁ %@@nBEd%ﬂQ‘és%leﬂﬁg‘é@ﬂ?@%ﬁ

that are coupl ed and current

, st ors 4
in transPstor Q07 Ymdpr mes ZPHE‘ quag%mﬁtt Ph@lﬁé'%@no@tcé’@ﬁl‘éﬂt sour ce
transi stor UOBA. 'ﬁherabeSBychhtrq,ﬁﬂg0§1ghaBr\$SAWr tb06écurdafernilieed by the

I Y
by an amount determined by the ramping voltage on
51gnal D. The circuit responds adaptlvely to changes in the

10 amount of zoom, to minimize the DC current loading of the
half supply. As discussed above, the error amplifier of
transistor Q73 produces a current representing the amount
by which the half supply current varies from a reference
level. _

15 : Assume the amount of zoom and the slope of the trace
ramp are increased suddenly, for ekxample from the amount
shown in solid line in FIGURE 3a to the amount shown in
‘dash-dot line, so that the deflection current reaches its
négative maximum sooner. Before further servo adjustment

20 is initiated, the longer dwell time, for example at the negative
maximum, for a greater proportion of the vertical interval,
produces a DC deflection current offset and a change in DC
current loading of the half supply. This results in the current
output of error amplifier Q73 being likewise changed as a

25 function of the difference in supplied current from the
reference level. A larger current IERROR then causes a faster
rising ramp in signal D, making VRESET occur earlier in the
vertical blanking period defined by signal B. '

In this manner, if the amount of zoom is increased and

30 the deflection current reaches its negative peak sooner, the
delay between the blanking signal and the vertical reset is
increased and the retrace is advanced in a feedback servo
‘manner. - Similarly, if the amount of zoom is decreased,
such that the negative peak occurs later, retrace is retarded

35 to a later point in the vertical blanking period. As illustrated
by the dashed line waveform of FIGURE 3a, at the latest,
retrace occurs between times t2'-t2, with the vertical
synchronizing signal A, defining the normal, non-zoom mode
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whose base and collector are coupled to function as Pgﬂc%ignd a resistor
R14 that is coupled to a -9V supply. Alr-/esi stor R16 I'S"coupled between the
emtter of 35 transi stor UO6A and the -9V supply voltage. A

transistor U06B hapop s amdidtase 2dei, te Qg Iof Hifad2a3€ atjhirede of
transi stor UOGA. A otentll nmeter resistor R43 hs cquypl ed bgtween the
emtter of transi sPYCTIHERIGHIO: RECUYt Qi 58k the @Eﬂ@é@ﬁﬁe 1AERsT

supply. A resi st otheRhdlviantageouk efedibackeoontrel asirduigr wdiererm@Cst or UO6A
and an adj ustabl e gRyeaPGafiY 38t thE Raf¥ shffly> 8 seRs8d and controlled by

5 adjusting the timing of the leading edge of VRESET.

Signal VSAW as shown in FIGURE 3d continues to ramp
downwardly during the beginning of the blanking interval;
however, VRAMP1 and VRAMP2 level out at the saturation
voltages of the differential amplifier arrangement of FIGURE

10 1b, e.g., at about 2.3 and 4.3 volts, respectively. At the
leading edge of VRESET, signal VSAW is clamped high by
transistor UO1A, causing VRAMP1 and VRAMP2 to switch to
their opposite states. Deflection amplifier 11a in FIGURE 1c
then ceases operating in a linear feedback mode and a

15 voltage VB at supply terminal 6 of amplifier 11a is applied to
deflection winding Ly via output terminal 11b. A retrace
“voltage V11b is produced immediately after time ta in
'FIGURE 3a, to enable deflection current iy to complete retrace
by time tb. Switch 11f1 in FIGURE lc of a boost stage 11f

20 causes a capacitor 11g to be coupled in series with a boost
capacitor 11e. Capacitor 1le is charged via a diode X and a
switch 11f2 from the +26V supply voltage V+, during vertical
trace. A supply voltage, developed across filter capacitor 11g,
is summed up with a voltage developed across boost

25 capacitor 1le so as to form boost voltage VB. Voltage VB is
decoupled from the +26V supply voltage V+ via a diode DR,
when boost voltage VB is formed. During the short interval
ta-tb in FIGURES 3a and 3e, retrace portion RETRACE of

- current iy is produced. Electromagnetic energy stored in

30 deflection winding Ly of FIGURE 1c due to current iy is used
in the boost circuit, shown schematically as switch 11fl, to

- generate the vertical retrace voltage V11b at terminal 11b of
.FIGURE 1c that is larger than voltage V+, causing a fast '
retrace.

35 Near time tb, deflection current iy has increased in
value to a point which permits linear operation of amplifier
11a. Feedback from resistor R80 enables the deflection
current to follow the flat top portions of VRAMP1 and
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When' contact TAP is noved close to the junction of t he g emtter
of transistor UO6B and resistor R43, registor R18 has“ﬁ g?f%& on the
emitter current in transistor UO6A becauSe the emtter voltage of

transi stor UO6B i SVERIAMP2 SbdthalenOfintidsd eacticg\? ;g‘ thl ddif oF b@%@?{'g

when contact TAP |s ad usted, cl oser re5| stor

coupled 1 0 e g 4 I@‘I’ft]%’tﬂw rﬂmpbfléf 2 of PYSLIRE obmst er

resi stor R43 ]'Eherebpemﬂ;ngstlﬁ itselingnr emedbaua ﬂi‘odé/' £418V prédlicesl tﬁ«ﬁ enabl e
conpensation for t e roduci ng t, e sawt oot

vol t age as currentg)fl‘s{ozﬂﬁ ?ragt: ??gtﬁé 8% %P 19[ Vol t age

VSAW from capacitor Q03 is coupl ed to the base of a tranS| st or UOQOLB.
Transi stor UOLB is coupled with a -transistor UOLC to forma differenti al
pair. The base of transistor UOLC is coupled to one termnal of a resistor
RO9, - : '
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fraving an opposite termnal at ground potential. A ngshps 20 5
UO2A draws a current 10, setting the vi)lgt age at the base of transistor UOLC—
-t hrough resistor R09. The base voltage of transistor UOL C tracks variation

of hei ght adj ust meWwtHAT! ISa@e AYMBEBHSS0 as to maintain vertical centering.
Current 10 provides a ro,current .reference, setting valtage VSAWto a 25

re
level that produces a corréct¥ifeq iqféﬂfaé'etaBpBEﬁtHf’ COMBESPEr ti cal deflection
current, as explai ned latcathade rap thbecl(@®);current 10 through transistor

UW2A in FIGURE | b, a s yv/8l ek, Syl V, \Y or 21,
s utilized. A tran is?{)%gélppgg%gggha%é%gﬁlg CLy) aiéo% gcé%trh%ggrfa{nt t hat
tracks the collectt¥®®urrent in transistor Q07, when an adjustnent in

hei ght adj ustnent vol t@@oﬁccﬂﬂﬁl%%ﬂﬁdeimh@é tcdmerol- Ak igzo:@ml ed to the
emtters of trans'r%b?és%n%é %xrlldin%ge ‘scale efsalc?c;rogglegggd atr;_gm 5a6’range of
values; . .

a source (9) of a vertical synchronization signal (SYNC);

a deflection ramp generator (100) responsive to said
synchronization and image control signals for generating a
ramp (VSAW) with a slope that varies with the selected scale
factor; characterized by | "

a deflection amplifier (11a) responsive to said ramp for
generating in said deflection winding a cyclical deflection
current (iy) having a period of a vertical interval, the
"deflection current ranging between a first extreme (+IP) and
'a second extreme (-IP) during a trace interval (t0-tl1) that is
shorter than the vertical interval (t0-t2) by a time (tl1-t2)
that varies with the selected scale factor; and

a retrace signal (VRESET) generator (10a, Q73, C17,
UO7) operable to return. the deflection current from the
second extreme to the first extreme during a retrace interval
(ta-tb) that is positioned within a nontrace interval (t1-t2),
but not generally positioned adjacent to either end point of
the trace interval. ' '

2. The video display apparatus according to Claim 1,
characterized in that a timing means (10a, Q73, C17) of the
retrace signal generatdr is operable to generate said retrace
interval substantially centered about a midpoint of the time
by which the trace interval (t0-tl1) is shorter than the vertical
interval (t0-t2).

3. The video display apparatus accdrding to Claim 1,
characterized in that the ramp generator, the deflection
amplifier and the deflection winding form a DC-coupled
vertical deflection circuit (11), and the retrace signal
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respectively. The bases of transistors Q9 and Q7 arr,ecg_|857 015 coupl ed
at the cathode of diode CRO2 and are aty qual vol tage'. rdnststor U02B and
resistor RO6 forma tenperature conpensated nain load with respect to the

col lector current géndratstsréduiesQRIDC Avidrijé a¢urredd (14)t iy sai 468PES6nt O
the collector current ,of transistor Q7 by the network of transistor U06C

and resistor Rl4. ‘ﬂ%ﬁg}%tor UO2A of V/I .converter 21A produces current 10.
Advant ageously, current 10 tracks variations in current 5 | URAMP of

transistor UOSA in a vy ifeMRidididispiay! hfhrabuBboRnY"a f@ahGd3nhen 2
change in hei ght adjustnent . L
characterized in that the retrace signal generator is coupled
in a feedback loop to the vertical deflection circuit to advance
or retard the retrace interval to minimize the DC average

current.

5. The video display apparatus according to Claim 4,
characterized in that the retrace signal generator includes a
current error amplifier (Q73) coupled to the vertical
deflection circuit and operable to produce an error current
signal as a function of a difference between the DC average
current and a reference level, the error current signal being
coupled to charge a capacitor (C17), and further comprising a
“threshold detector (U7a) opefable to trigger the initiation of
‘the retrace interval when a timing ramp signal (D) on the
capacitor reaches a threshold.

6. The video display apparatus according to Claim 4,
further characterized by a power supply (V+, Q46) for
generating a first supply voltage (V+) and a second supply
(+V/2) voltage having the same polarity as said first supply
voltage, the first and second supply voltages being coupled to
opposite ends of the deflection winding.

7. The video display apparatus according to Claim 6,
further characterized by a current limiting resistor (R80)
coupled to the deflection circuit, a lower (+V/2) voltage one of
the first and second supply voltages being coupled to a
terminal (11c) of said resistor remote from said deflection
amplifier.

8. The video display 'apparatus according to Claim 4,
further characterized by a current limiting resistor (R80)
coupled to the deflection circuit, and wherein the retrace
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vol tage V-S| ZE occurs. The tracking occurs because OEE;\i r%-symretry, for
exanple, the symetry with respect to érlansistors uo and’ ’ZA. A
transi stor U0O2C produces the 10 emtter currents of transistors

UOLC and WO01B. ARigifhlt b&fierabsr $ qsope?mee%aaﬁhﬁﬁ&% G dutted B

vol tage-to- collector, current ratjo in transistor UO2A. A resistor R49A

coupl es a vol t age IREMEERUTHRIMe IUNKING TESISYPR .convert er 10a2 of FI GURE | a,
to the emtter of transistor Q9. Voltage 1 5 CENTER is control |l ed

in a manner to produce .nat e c ar rent gl

transi stors Q9 and @fﬁﬁ@ﬁ‘ﬁgbz%ﬁ%?@fa@u&%t Egée?@g{'éd& %?pggg CENTER

conpensat es for afuBher«haragtesigedvhyua powes! supplyzOdw, viR4A) thes zoom node

i s not selected. nerati first basRaye®! (VOE 4ld o 386oid A C of

FIGURE Ib is cont f%ghlredmﬁ/ a }rrsenstu% Thea%al u?s .of resi sJ otr, Rougrg%d

. voltage V(iiﬁ having the same polarity as said first supply

voltage, the first and second supply voltages being coupled to
opposite ends of the deflection winding.

10. The video display apparatus according to Claim 1,
characterized in that said retrace signal VRESET is time
shifted relative to the vertical synchronization signal for
panning to a zoomed portion of a picture being displayed.

11. The video display apparatus according to Claim 1,
Characterized in that said retrace signal generator centers
- said retrace interval within said nontrace interval.

12. The _vidéo display apparatus according to Claim 1,
characterized in that said deflection amplifier maintains said
deflection current near said second extreme from the end of
said trace interval to the beginning of said retrace interval
and maintains said deflection current near said first extreme
from the end of said refrace interval to the beginning of the
next subsequent trace interval.

. 13, The video display apparatus according to Claim 12,
characterized in that said retrace signal generator centers
said retrace interval within said nontrace interval.

14. A video display apparatus, comprising:

a cathode ray tube (22);

a vertical deflection winding (Ly) on said cathode ray

tube; '
a source (9) of a vertical synchronization signal (SYNC);

i



curreent 10O are selected such that the base voltage o r hstor UOLC is
equal to the level of voltage VSAW at tzhe base of trgﬁ}sﬁm’%?ﬁ(MB at the
time of the mdpoint of the 25 Tmage interval, when the regul ar

(non-zoor} mode i s sel eg! @efeAGUANAAEOYSa1S (F0DFSHshoRtive! Bkida
between V/I converters 21, and 21A, an ange in size atjustnment voltage
V-SI ZE and in the TYRFIUQBMAIIQR figRal JeEsgpneratimee@ sYnchroRized: Famp

currents TO and | URASRWhechazactetized ByO _ variations in currents 10
St oot vol tage. vaaw t hdesy el HhnBhet 00 dhpoReie, 1o W8 5888 4Bt o
vol tage V- Sl ZE andgeferatisgl v saigpdeflectiomgeindingi b eyclicalt 'doﬂeotio?rs. .
SR ST S e s o SfmER (O]
a second extreme (-IP) during a trace interval (t0-tl) that is
shorter than the vertical interval; and

a servo’ circuit (10a, Q73, C17, U07) coupled to said
deflection amplifier for positioning a retrace interval (ta-tb)
within a nontrace interval (t1-t2) by means of servo
feedback control.

The emtters of

15. The video display apparatus according to Claim 14,
characterized in that said servo circuit centers said retrace
“interval within said nontrace interval.

16. The video display apparatus according to Claim 15,
characterized in that said deflection amplifier maintains said
deflection current near said second extreme (-IP) from the
end (t1) of said trace interval to the beginning (ta) of said
retrace interval and maintains said deflection current near

- said first extreme (+IP) from the end (tb) of said retrace
interval to the beginning (t2) of the next subsequent trace
interval. |

17. The video display apparatus according to Claim 14,
characterized in that said servo circuit includes means (R70)
for generating a signal (Is) representative of average
deflection current and -means (Q73) responsive to said
average deflection current representative signal for providing
servo feedback control of said average deflection current.
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tTansi stors UOLB and UOLC are coupled via emtter resi stcgf ﬁ%‘)? and RO8,
rrespectively, to the collector of transistor U02C ’ Bherols t he sum

af the base voltage of transistor U02C is the sanme as
that of transistor UD2A. The emtteg%of transi stor U02C, that is
approxi mately equal to that of tran B, produces an 5

emtter current it teleyision geceiyer isheentrelladt as rondke wdeezes af st or ROS.
During vertiveical 20®m 'viaha deflerfiBfiecufefib ramplUhabovirdseinakldpe t! _in

FTGRE 35 (TR SINE ey hE A i, S SomLBie oty et o | 7
correspdhdi increaked csloper ediest @oomed,  the deflection current and the
electron beam complete a trace in less time than the normal
vertical interval. The deflection current is maintained at one
extreme or the other outside the trace interval, and the beam is
blanked. A retrace signal generator (10a, C17, U07) coupled in a
10 feedback (IERROR) loop with the power supply for the deflection
circuit determines the midpoint of the blanking period and
generates a fast retrace (VRESET) at or near the midpoint. The
feedback loop is arranged to minimize the DC average current in
the deflection winding by having a current source responsive to
15 the DC average current for charging a timing ramp (C17) that
triggers retrace upon reaching a threshold. The slope of the
timing ;i‘amp varies with DC loading, thus advancing or retarding
retrace to center retrace in the blanking interval.

20
FIGURE la
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" vol ttages that are coupled via enmitter follower transistors 71 and 70 to
devel op sawt ooth signals VRAMP2 and VRAMPL, respectively. FlIGURES 3a- 3f
i.Ilustrate waveforns useful for 1 5 ' expl ai ning the operation of the
arrangenment of FI GURES | a- 1c. Bl anking signal B, vertical reset signal
VRESET and retrace timng signal D areleg//vn again in FI GURE 3e for
conparison with the current and vol tagé ef ornms of FlI GURES 2a-2d and the
functional timng diagram of FIGURE 20 3f, and in connection wth
t he ambunt of zoom shown in FI GURES 3a-3d.. Signals VRAMP1 and VRAMP2 of
FI GURES 3b and 3c, respectively, are conplenentary signals that change in
opposite directions ESH ng_the<wertiegal trace interval tOtl. 25
The waveforns of FlI Ebzat are drawn in solid
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Ii°'ne: occur in the zoom node of operation, for conparison with the waveformns
i'n dashed line, occurring in the regul ar or non-zoom node of operation. An
even greater degree of zoomis shown.in dash-dot |line. Vertical trace
occurs 30 bet ween, for exanple, time t0O and t1 when the zoom node
is selected, and between time tO andpthme t2 when the zoom node is not

sel ected, as shown in the waveforns o é?:IGURES 3 a-3d. A DC coupl ed
deflection circuit 11 of FIGURE 1c, is 3 5 ~controlled by signals
VRAMP1 and VRAMP2. In circuit 11, a deflection wi nding Ly provides verti cal

deflection in a cathode ray tube, CRT 22, for exanple of the type

WB6EDV093X7 | 0, having an aspect ratio of 16 x 9.
FIG. 1b
FIG. 1c .
VRAMP 1 VRAMP 2
5.1V a1V
7 CLAMP TIME
ov —
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Wnd| ng Ly is coupled in series wwth a deflection current sanpling resistor
R80. Wnding Ly and resistor R8O of FIGURE 1c form a series arrangenent
that: i s.coupl ed between an output termnal 1 b of an anplifier 1 la and a
5 junction termnal 11c of a povver 'suppl y decoupling capacitor Cb.
A resistor R70 couples a supply vol t§?<éa for exanple +26 volts, to
termnal 11c via an emtter foll ower nS| stor Q46. Transi st or Q46
produces a DC voltage +V/2 at termnal 11c that is equal to about one half
-of voltage V+, in particular 1 0 : about +12.4 volts. The half supply
voltage is determ ned by coupling the base of transistor Q46 to the
junction of voltage dividing resistors RO1 and R92. A junction term nal

11d, coupl ed between w ngiggg Ly and resistor R80, is coupled via a feedback
"resistor R60 to an |nvert63ldg I nput teym nal of . :

?{Q L/DR 0 L + 26V
- +"f11€ V+
. A)
N Nk A VERTICAL |
== T L
| 2 |6 [ 3 | | y
i 1 I_._,.__‘ | RG,B p
! BN 3 2o ‘i_-—’E 22
FIG. 10 | 3 /I o 680
’ T Y W
VRAMP 1 - soost Y | [ W,
AR IR = sl
; T > =3 rron| 25mH
3[4 ! 4 ToABI72 1D ' Fw iy
rol| oL MHeso| m=A—AF=—===—=—= |
K13 £ [20K | = J_. == 2
a7 ) 1
R30 | .2 2] R8O 112
T3 310K 1
KT i I y
: RE
+V/2 11o— 215Q
/12.4V _ < 1w
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L K T
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ISI :: W /V+
T 10%
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= ke Isig
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This Sheet Has Been Replaced

T



5 - anplifier 1la. Terminal |1c of resistor R80 is coupled via a
resistor R30 to a noninverting input term nal of arrpl rfier -1la.._ A negative
feedback voltage is devel oped across resistor repaﬁsentlng the current
in deflection coil Ly, and is applied to the |nput ter plick®r
11la. Amplifier 20 1lla dev %‘UEQS an out put vol tagj mlcause
the deflection coil current to tr t he voltage drive di

the anplifier, as derived fromsaw ooth voltage signal VSAWby way 0

conpl ementary vol tages VRAMP1 and VRAMP2. 25 Conmpl enment ary

sawm oot h signals VRAMP1 and VRAMP2 are coupled yia resistors R4A0 and R50,
to the noninverting andjinverting injput term nal's, respectively, |of
anplifier 11 a for contfolling deflecti.on currept iy. Differences between
signal s VRAMP1 and VRAMP2 due to
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30 -

are conpensated by a potentioneter 88 that
col kectors of transistors UOLB and UOLC. The vertical
defl ection current
signals VRAWP1 3 5
When top panning is util

t he ot her.

iy begins at tinme

conponent m smatch or offset voltage tol erances,
I s coupl ed between the

tra
t0,

shown in Fl GURES 3e and 3f,

for exanpl e,

ce portion of
when

and VRAMP2 begin to ranp fromone extrene toward

produced from or synchronized to the

si gnal
i nformati on that

SYNC, shown in FlI GURE 2e.

VRESET of
11 synch

si gnal
i cal

Sl

FI GURE 2c, is
roni zati on pul se

~Signal SYNC is associated with the picture
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| mge interva

signal SYNC in signal SNTSC, and occurs inmediately prior to an

| MAGE of signal SNTSC. Image 5 I nterval | MAGE of
~FI GURE 2e contains the picture information that is to be presently _
di spl ayed on CRT 22 of FIGURE 1c. The vertical trace portion of deflection
~ curorent iy begins after the same delay tine relative to the vertical sync
pul se (which can be changeabléuﬂeen varying the extent of vertica
panning), 1 0 i n each sUctessive field or image interval. As a
result, deflection current iy of FIGURE 1 c is properly synchronized in
each period. Therefore, advantageously,

field-to-field variations of sync
signal SYNC will not cause vertical position jitter of the displayed
picture. 15 FIGURE 3a illustrates in solid |ine the
deflection current iy waveformwhen a first exenplary anount of zoomis
sel ected, and in dash-dot line the deflection current for a
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h*F:ghér' degree of zoom- The non-zoomregul ar node is shown by a dasﬁ‘é’dﬁ‘f ne
Wherein the trace portion of the deflection 20 current occd:ﬁl es
most [err]of the 16.7nS interval between successive occurrences of SYNC.

FI GURES 3b-3d illustrate respective voltages using the sanme |ine
conventions, and FIGURE 3e is specific to;the amount of zoom shown in solid
line in FIGQURES 3a-3d. FIGURE 3f illustrates 25 schematically an
exanmpl e of the timng di ¥RHCHL BEFRACKENIEH d00YVIAURE CENTERED RAST! r st
exenpl ary anount of zoom Interval. 301 of igterexeE | MAGE in FI GURE 3f woul d
contain the picture informgtion for the tog_1 hal f %I t(Pe Pi ctUée di spl ayed
in a non-zoom node of operadfi SRVEIAPT FODCEH]S dp(ideq) display deHlgeienns t he
picture informati on @Gfppadratbottom portion of such picture; however,

interval 30§ is not used BEGAUSEdchGaRbChifef thinZ@0KBfl iSYRR4! ARt vidaber val
301 is used for the whole . . .
production, an aspect ratio conversion may be performed to

enable display of the program on a 4 x 3 consumer television
receiver. For example, a wide aspéct ratio program may be
formatted for display on a 4 x 3 television receiver by adding

10 blank top and/or bottom strips, forming a so-called letterbox
display, with a 16 x 9 active area in the 4 x 3 display area.

A wide screen television receiver is describgd, for
example, in published International Application No.
PCT/US91/03822 entitled WIDESCREEN TELEVISION -

15 _ Rodriguez-Cavazos, et al. The display screen has a format
display ratio of e.g. 16 x 9, and a variety of alternative
picture displays are made possible, including zoom or image
scale factor control and multiple picture display
arrangements. - |

20 It may be desirable to display the image content of a
baseband video signal conforming to, for example, the NTSC
standard that uses an aspect ratio of 4 x 3, on a display such
as a 16 x 9 wide screen television receiver. Where the
picture is in letterbox display format, the raster may be

25 expanded such that the picture - fills the wide screen. The
horizontal displacement spans the full screen width. The
vertical displacement is expanded or zoomed by a factor of
4/3 such that the picture, without top and bottom black
strips, fills the wide screen vertically.

30 Apart from controlling deflection to best fit the picture
of a wide screen program on a wide screen display, it may be
desirable to zoom a video program for other reasons. For
example, when showing a conventional 4 x 3 picture, the user
may wish to expand the picture, enlarging a certain area and

35 cropping off peripheral portions. that are less interesting.
Such a feature is especially advantageous in connection with
a capability. for vertical ing..of -the.picture relative. to the
REPLACEMENT SHEET G '
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yertical display area. During interval 300, the video is blanked. 3 5
*Si gnal SYNC, occurring at the tine shown in FIGURE 3f, controls the
beginning time of vertical trace in this top- panning node. Vertical trace
t herefore begins, in each * vertical field, at tinme t0. A top panning
node of operation is obt ai ned when a bgttom potion the displayed picture
I's cropped by a greater anmpunt than a top portion. Thus, the exanple of
FI GURES 3a- 3f depicts naxAmverticgl gefleétign ailﬂd':lsiti@'pﬁ@aill)e%iﬁi%sg?ﬂg@ﬂn:gi ne
TOP that is the firs | deoq ld ne: 5 - Qf inter -

bertlde déﬂeﬂ:ﬁloﬁx voltage. si RIS 1n§?xr}m eaofj‘(?gj%rng{?} on

capabl e of providing picture Informati n € Nnon-zoo

is also the ) amplifier. A current sensing resistor in series with the
vertical deflection coil is coupled to the other input of the
5 amplifier and senses the deflection current. The amplifier

drives the deflection coil in a closed-loop negative feedback
manner. The deflection current defines a ramping vertical
trace portion and a retrace which is synchronized to vertical
sync pulses derived from the video signal.

10 Vertical zoom may be achieved by increasing the slope
or rate of change of the ramping vertical trace portion of the
vertical deflection current. This causes the beam to scan
across the screen in a shorter time, as needed for zoom, but
increases the time in which the beam is at its extremes of

15 : deflection and the deflection current is at a significant level.
For example, if the deflection current ramp is made more
~steep from the outset of a vertical field, the electron beam
‘reaches the bottom of the raster soonmer. If the deflection
current remains such as to hold at the bottom of the raster,

20 e.g., at a small overscan position, the DC component of power

supply loading is increased with zoom, due to the need to

maintain the beam at the bottom of the raster until retrace.

The electron beam is blanked when not scanning

actively across the display screen. One possibility to reduce
current loading is to reduce the deflection current to near
zero at the end of the zoomed scan, thus returning the beam
to the center of the screen while awaiting the next retrace. If
cathode ray tubes have significant spurious emission, the
beam location may be visible on the screen during retrace if

30 the retrace is slower than the usual time of about 600 to
about 1,100 microseconds. - Returning the beam to near
center thus reduces the DC loading by the deflection circuits,
but relies on the blanking circuits and means for minimizing
electron emission during blanking, because any spurious

35 beam current may render the beam position visible, as a
horizontal line across the center of the display. In a cathode
ray tube, the electron gun has a heated cathode, and it is |
d_1f.f_1cult to block all s.purlous emlss_.lon Qf__el_ect‘_rons‘. REPLACEMENT SHEET
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Lirsi video line to provide the picture information in the maxi numtop
panni ng node. As discussed below, it is also possible to use a bottom
panning or a centered arrangenent. 1 0 However, top panning is

di scussed first for purposes of sinplicity. In regular, non-zoom operation,
the beginning time t0O of a trace portion af current iy of FIGURE 3a, shown
I n dashed |ine, may be delayed slightly less in order to keep the sane 1 5
video picture element at tlhemgypbefdesieableriden.a thw divefageedeBectionel ay

conpensates for the ohdrfanerscenatlhmmafcer by Ibb@tlﬁ%gﬂh@”beﬁnofor"?%fg' gg'om

mode.of oper ati on and Endrrftt fanft mgww%‘aygﬁmme o GsBiestipBnan
The exanpl e of FI GURESTr4paranef 4he |pdrm:d: ragtthe etheonpatreinee CBiwe retnacesithug he
l'ast video Is ne BOTTQQ4c@fs during the blanking period rather than at the
beginning or end. For a given image scale factor (e.g., a 4/3
zoom), the retrace could be timed to advantageously occur at
a central point in time within blanking. Advantageously, the
retrace may be centered in the blanking period adaptively
10 using a feedback control circuit to determine the appropriaté
time to begin retrace during zoom modes such that the DC
component of the vertical yoke current is appropriately
small, accommodating any degree of zoom. The beam is thus
placed at its extremes of deflection in a manner that precisely
15 balances the times the beam is disposed at each of the two
extremes.
. In accordance with an inventive arrangement, a video
'dlsplay apparatus includes a vertical deflection winding
located on a cathode ray tube. A source of an image control
20 signal is provided which represents an image scale factor
selected from a range of values. A deflection ramp generator
responsive to a synchronization signal and to the image
control signal generates a ramp with a slope that varies with
_ the selected scale factor. A deflection amplifier is responsive
25 to the ramp for generating in the deflection winding a cyclical
deflection current having a period of a vertical interval. The
deflection current ranges between a first extreme and a
second extreme during a trace interval that is shorter than
the vertical interval by a time that varies with the selected -
30 scale factor. A retrace signal generator is operable to return
the deflection current from the second extreme to the first
extreme during a retrace interval that is positioned within a
nontrace interval, but not generally positioned adjacent to
either end point.
35 In accordance with a different inventive arrangement, a
servo circuit is coupled in the feedback péth of a retrace
signal generator for positioning a retrace interval within a
nontrace mter_va_\l by means of servo feedback .contr.(_)l. REPLACEMENT
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interval 300 of inmmge interval | MAGE is arranged to occupy the bottom of
t he displ ay screen, i.e., at maxi mum bottom panning. Simlar symbols and
nunerals in FI GURES 4a, 4b, 2 5 3a-3f, 2a-2e and la-1lc are used for
simlar itens or functions. The del ay between SYNC and the comrencenent of
the trace ranp in current |y of FIGURE 4a fhith respect to signal SNTSC of

FIGURE 4b is significantly han,the del ay according to FI GURE 3a, as
needed to expand or zoom SFI@%]QES Ha*t HQ BB@tlﬁn‘ﬁB?tﬁ%nafbfmt’ﬁ@l‘fﬁ cture

rather than the top. dmbuodirherieofippreatizabddftatiday ciftaice of an

appropriate delay, which oagBRERY 2305d Zlﬂ'ﬁ%ﬁ'%ltel '15‘&1%&‘&”&%@%{% sseheseI ilk?gr a
top pan or bottom pan, qr. any.posifion Ay disefy
advant ageous for pur ;)"d@g?"é‘i‘g cﬁhtec&‘l“fimﬁl r%!“F'é:thSy Q oﬂP mrrangemenit pf i ze a

deflection &ircuit 1IFKEBURRSFILSURE 1c, relying on a positive supply voltage
V+ and not requiring a NeGHERE 3 illustrates current, voltage and timing
waveforms useful for explaining the operation of the
arrangement of FIGURES 1la-lc when top panning is provided:
FIGURE 4 illustrates comparable selected waveforms

10 useful for explaining the operation of the arrangement of
FIGURES 1la-Ic when bottom panning is provided.

A sawtooth generator 100, shown in detail in FIGURE
1b, is controlled as to image scale factor and centering via a
microprocessor controller and retrace triggering arrangement,

15 as shown in FIGURE la, producing vertical deflection signals
that are coupled to the vertical deflection coils via an output
“stage, as shown in FIGURE lc. Corresponding symbols and
‘numerals are used throughout the figures for correspondlng
signals, items or functions.

20 A vertical synchronizing signal SYNC of FIGURE 1a is
coupled to a vertical timing generator 10. Signal SYNC is
produced by a video detector 9 of a television receiver that
processes a baseband television receiver signal SNTSC, for
example conforrhing to the NTSC standard. The elapsed time

25 between consecutive occurrences of SYNC in signal SNTSC
accounts for a vertical interval equal to 262 1/2 horizontal
video line intervals that define a given picture image or field.

Generator 10 includes a microprocessor 10a, shown in
FIGURE la, that generates a vertical cycle synchronizing pulse .

30 signal for triggering vertical reset. Under user control, for
example via a remote controller, microprocessor 10a
generates a pulse signal A, as shown in FIGURE 2a, that is
delayed by a controllable amount TD relative to pulse signal
SYNC as seen in FIGURE 2e. By delaying the occurrence of

35 vertical reset relative to the SYNC pulse, microprocessor 10a
controls panning of the-picture-bn the screen. The delay may
‘be, for example, a small fraction of the vertical interval _
between occurrences of SYNC for top panning, or.a larger =

- ' o ' ' REPLAGEMENT SHEET
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supply voltage for generating an alternating deflection current iy. A half
»supply voltage +V/2 is derived fromthe 13 full supply voltage V+, e.g.,
26 volts, for driving the deflection circuit. Current limting resistor
R70 is coupled to voltage V+ for generating, via transistor Q46, the half

- supply voltage at termnal 1l1lc. 5 5 It is desirable to reduce
the average or DC current through current limting resistor R70 so that a

| ar ge resistance canfrhetiosddss Then| arfgdl valenealoffor esdtsemr pRTOings atesi rabl e

to provide for currepf d/h{ﬂet?ﬂi wéenthafthee%ﬁﬁﬁmvsyd@ﬁi&ctph% GifnaBnA 1Y
may be prevented if a L}Rﬁoga is c?erlayed varies in accordance with the degree
of panning that is required by the user.

5 ' Signal A of FIGURE 1a is coupled by a resistor R73 to
the trigger input of a pulse stretcher flip-flop UO7, and
generates the leading edge of a vertical reset signal VRESET
in the normal non-zoom mode of operation. A logical OR
function with an input signal D is provided by a transistor

10 ‘Q04, for controlling the timing of the leading edge of the
vertical reset signal VRESET in the zoom mode of operation.
The base of transistor Q04 is coupled to input signal D,
generated according to FIGURE lc, from a current IERROR.
Current JERROR represents the difference between a
15 reference current level and an average vertical deflection
current generated from a power supply powering the vertical
“output stage. As explained more fully below, the current
‘error IERROR provides a ramping input voltage, represented
by signal D, at the leading edge of vertical blanking pulse B
20 (see FIGURES 2b, 2d and 3e).
When the ramping input voltage reaches the threshold
of the triggering input of flip-flop U0O7, the leading edge of
signal VRESET is generated at a signal line C. The leading i
edge LEVRESET of the VRESET pulse, shown in FIGURE 2c,
25 initiates vertical retrace. Vertical retrace is thus controlled to
occur earlier or later as a function of the difference between
the deflection current produced by the power supply and a
reference level. The circuit minimizes the DC current loading
_ of the half supply arrangement by equalizing the time during
30 which the vertical deflection current is at its extremes
following the vertical trace, and responds adaptively to
variations in the amount of time between the end of the
current vertical trace ramp and the beginning of the next
cycle trace ramp, that results from variations in the amount
35 of zoom and the corresponding variations in the slope of the
vertical - trace ramp. ‘
Immediately after the trailing edge TEVRESET of signal

_VRESET,_ a transistor UO1A of FIGURE 1b becomes REPLACEMENT SHEET
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of deflection signal VSAW is determined by the magnitude of
controllable collector current [IURAMP of transistor UOGA.
V/I converter 21 is controlled by an analog voltage

ZOOM which services as an image scale factor control signal.
Voltage ZOOM is generated by a digital-to-analog (D/A)
converter 10al coupled to the microprocessor 10a as shown
in FIGURE 1la. Voltage ZOOM represents the degree of zoom
required by the user, and is arranged in the circuit to vary
the rate of change of a vertical deflection current iy applied
to a vertical deflection coil Ly as shown in FIGURE Ic.

. Voltage ZOOM of FIGURE 1b is coupled via a resistor R49

~of FIGURE 1b to the emitter of a current control transistor

Q07. An adjustable voltage V-SIZE, that may be adjusted
manually using a potentiometer (not shown), is coupled via a
resistor R22 to the emitter of transistor Q07 for picture
height service adjustment purposes. In addition, a DC supply
voltage of +12V is coupled to the emitter of transistor Q07 via
a resistor R21. The base of transistor Q07 is coupled to a
diode CRO2 that develops a temperature compensating base
voltage equal to the forward biased voltage of diode CRO2.
The voltages that are coupled via resistors R21, R22 and R49
produce a collector current in transistor Q07 that controls the
voltage at the base of current source transistor UO6A. The
base voltage of transistor UO6A, determined by the collector
current of transistor QO07, is developed in a series
arrangement of a temperature compensating transistor UO6C,
whose base and collector are coupled to function as a diode,
and a resistor R14 that is coupled to a -9V supply.

A resistor R16 is coupled between the emitter of

transistor UO6A and the. -9V supply voltage. A transistor

UO6B has a base voltage that is equal to the base voltage of

transistor UO6A. A potenuometer resistor R43 is coupled

between the em_lt_ter of transistor UO6B and the -9V voltage
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emitter of transistor UO6B and resistor R43, resistor R18 has
no effect on the emitter current in transistor UQ6A because
the emitter voltage of transistor UO6B is equal to that of
transistor UO6A. On the other hand, when contact TAP is
adjusted closer to the -9V supply, resistor R18 is coupled
more in parallel with resistor R16. Potentiometer resistor
R43 thereby adjusts the current gain of V/I converter 21 to

‘enable compensation for tolerances of capacitor CO03,

producing the sawtooth voltage as current is drawn by
transistor UOG6A.

Voltage VSAW from capacitor C0O3 is coupled to the
base of a transistor UO1B. Transistor UO1B is coupled with a

“transistor UOIC to form a differential pair. The base of

transistor UOIC is coupled to one terminal of a resistor R0O9,
having an opposite terminal at ground potential. A transistor
UO2A draws a current I0, setting the voltage at the base of
transistor UO1C through resistor R09. The base voltage of
transistor UO1C tracks variation of height adjustment voltage
V-SIZE so as to maintain vertical centering. Current I0
provides a zero current reference, setting voltage VSAW to a
level that produces a correctly timed zero point to the
vertical deflection current, as explained later on.

To develop current I0 through transistor U02A in
FIGURE 1b, a second V/I converter 21A, similar to V/I
convertor 21, is utilized. A transistor Q09 produces a
collector current that tracks the collector current in transistor
QO07, when an adjustment in height adjustment voltage V-
SIZE is made. Voltage V-SIZE is coupled to the emitters of
transistors Q07 and Q09 via resistors R22 and RS56,
respectively. The bases of transistors Q09 and Q07 are
coupled at the cathode of diode CR02 and are at equal
voltage. - Transistor UO2B -and resistor R06 form a
temperature compensated main load with respect to the
collector current of transistor QO9 A s1m11ar load w1th
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5 IURAMP of transistor UO6A in a way to maintain vertical
centering unaffected when a change in height adjustment
voltage V-SIZE occurs. The tracking occurs because of circuit
symmetry, for example, the symmetry with respect to
transistors UO6A and UO2A. A transistor U02C produces the

10 emitter currents of transistors U01C and UO1B. An emitter
resistor R17 establishes the value of a base voltage-to-
collector current ratio in transistor UO2A. A resistor R49A
couples a voltage CENTER, generated in a D/A converter 10a2
of FIGURE la, to the emitter of transistor Q09. Voltage

15 CENTER is controlled in a manner to produce approximately
equal collector currents in transistors Q09 and Q07 when the
“zoom mode is not selected. Voltage CENTER compensates for
'a non-zero offset value of voltage ZOOM when the zoom mode
is not selected..

20 The base voltage of transistor UO1C of FIGURE 1b is
controlled by current I0. The values of resistor R09 and
current I0 are selected such that the base voltage of
transistor UO1C is equal to the level of voltage VSAW at the
base of transistor UQ1B at the time of the midpoint of the

25 image interval, when the regular (non-zoom) mode is
selected. Advantageously, as a result of tracking between
V/I converters 21 and 21A, any change in size adjustment
voltage V-SIZE and in.the 12V supply voltage does not affect
a ratio between currents I0 and [IURAMP. The resulting

30 variations in currents I0 and TURAMP maintain the base
voltage of transistor UlIOC at the level of sawtooth voltage
VSAW that corresponds to vertical center for each level of
voltage V-SIZE and of the 12V supply voltage, until
saturation occurs. Therefore, vertical centering is,

35 advantageously, unaffected by adjustment of voltage V-SIZE
.that is ,used‘_for'adjusting picture ‘height. The emitters of
_transistors UOIB and UOIC are coupled via emitter resistors =

-~ RO7 and RO8, respectively,. to the collector of transistor U02C

_othe anofint by
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resistor ROS. :

During vertical trace in the zoom mode, such as during
interval t0-t1 in FIGURE 3b, transistors UOIB and U0IC form
a differential amplifier. The collector currents of transistors
UO1B and UOIC develop, in corresponding collector resistors,
voltages that ‘are coupled via emitter follower transistors 71
and 70 to develop sawtooth signals VRAMP2 and VRAMPI,
respectively.

FIGURES 3a-3f illustrate waveforms useful for
explaining the operation of the arrangement of FIGURES la-
lc. Blanking signal B, vertical reset signal VRESET and

“retrace timing signal D are shown again in FIGURE 3e for
‘comparison with the current and voltage waveforms of

FIGURES 2a-2d and the functional timing diagram of FIGURE
3f, and in connection with the amount of zoom shown in
FIGURES 3a-3d. .

Signals VRAMP1 and VRAMP2 of FIGURES 3b and 3c,
respectively, are complementary signals that change in
opposite directions during the vertical trace interval tO-tl.
The waveforms of FIGURES 3b and 3c that are drawn in solid
line occur in the zoom mode of operation, for comparison with
the waveforms in dashed line, occurring in the regular or
non-zoom mode of operation. An even greater degree of
zoom is shown in dash-dot line. Vertical trace occurs
between, for example, time t0 and t1 when the zoom mode is
selected, and between time t0 and time t2 when the zoom
mode is not selected, as shown in the waveforms of FIGURES
3a-3d. '

A DC coupled deflection circuit 11 of FIGURE Ic, is
controlled by signals VRAMP1 and VRAMP2. In circuit 11, a
deflection winding Ly provides vertical deflection in a
cathode ray tube, CRT 22, for example of the type
W86EDV093X710; havmg an aspect ratio of 16 x 9.
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between an output terminal 11b of an amplifier 11a and a

5 junction terminal 1lc of a power supply decoupling capacitor
Cb. A resistor R70 couples a supply voltage V+, for example
+26 volts, to terminal 1lc via an emitter follower transistor
Q46. Transistor Q46 produces a DC voltage +V/2 at terminal
11c that is equal to about one half of voltage V+, in particular

10 about +12.4 volts. The half supply voltage is determined by
coupling the base of transistor Q46 to the junction of voltage
dividing resistors R91 and R92. A junction terminal 11d,
coupled between winding Ly and resistor R80, is coupled via
a feedback resistor R60 to an inverting input terminal of

15 amplifier 11a. Terminal 11lc of resistor R80 is coupled via a
resistor R30 to a noninverting input terminal of amplifier
“11a. A negative feedback voltage is developed across resistor
'R80, representing the current in' deflection coil Ly, and is
applied to the input terminals of amplifier 11a. Amplifier

20 11a develops an output voltage as needed to cause the
deflection coil current to track the voltage drive signal
applied to the amplifier, as derived from sawtooth voltage
signal VSAW by way of complementary voltages VRAMPI
and VRAMP2. '

25 Complementary sawtooth signals VRAMP1 and
VRAMP2 are coupled via resistors R40 and R50, to the
rioninverting and inverting input terminals, respectively, of
amplifier 11a for controlling deflection current iy.
Differences between signals VRAMP1 and VRAMP2 due to

30 component mismatch or offset voltage tolerances, for
example, are compensated by a potentiometer 88 that is
coupled between the collectors of transistors UO1B and UOIC.
The vertical trace portion of deflection current iy begins at
time t0, shown in FIGURES 3e and 3f, when signals VRAMP1

35 and VRAMP2 begin to ramp from one extreme toward the
other.

When top panning is utilized, signal VRESET of FIGURE
2¢, is produced from or synchronized to the vertical
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turns on a transistor Q11 5 to dikcharde F 8 dapgaci tor C17.
The amount of current | ERROR produced by t he Lfidr lof Q73 in
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near that is to be presently displayed on CRT 22 of FIGURE lc. The
vertical trace portion of deflection current iy begins after the
same delay time relative to the vertical sync pulse (which can
be changeable when varying the extent of vertical panning),

10 in each successive field or image interval. As a result,
deflection current iy of FIGURE lIc is properly synchronized in
each period. Therefore, advantageously, field-to-field
variations of sync signal SYNC will not cause vertical position
jitter of the displayed picture.

15 FIGURE 3a illustrates in solid line the deflection current
iy waveform when a first exemplary amount of zoom is
:_s'elected, and in dash-dot line the deflection current for a
higher degree of zoom. The non-zoom regular mode is shown
by a dashed line wherein the trace portion of the deflection

20 current occupies most (*15.7 mS) of the 16.7mS interval
between successive occurrences of SYNC. FIGURES 3b-3d
illustrate respective voltages using the same line conventions,
and FIGURE 3e is specific to the amount of zoom shown in
solid line in FIGURES 3a-3d. FIGURE 3f illustrates

25 schematically an example of ‘the timing diagram of signal
SNTSC of FIGURE la, for the first exemplary amount of zoom,
Interval 301 of interval IMAGE in FIGURE 3f would contain
the picture information for the top half of the picture
displayed in a non-zoom mode of operation. An interval 300

30 contains the picture information of the bottom portion of such
picture; however, interval 300 is not used because the picture
is zoomed such that interval 301 is used for the whole
vertical display area. During interval 300, the video is

_ blanked.

35 Signal SYNC, occurring at the time shown in FIGURE 3f,
controls the beginning time of vertical trace in this top-
panning mode. Vertical trace therefore begins, in each

- vertical field, at time t0. A top panning mode of operation is'_




the ‘mi dpoi nt of the blanking interval, as shbvREALACEMENIRSHEET a result,
"t he DC conponent of the deflection current i pppropri ateryys I'l, and can
be zero or a small absolute 2 0 val uge.t Theg i ClUG7 remains in
a state clanmping VRESET high, until the vertjcpl blanking sifgial B from
m croprocessor 10a drops bel ow the trigget2ipnp ¢ U07. The
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vertical bl anking pulsfeifierval 301 of FIGURE 3f capable of providing picture
information in the non-zoom mode of operation is also the
first video line to provide the picture information in the
maximum top panning mode. As discussed below, it is also
possible to use a bottom panning or a centered arrangement.

10 However, top panning is discussed first for purposes of
simplicity.

In regular, non-zoom operation, the beginning time t0
of a trace portion of current iy of FIGURE 3a, shown in dashed
line, may be delayed slightly less in order to keep the same

15 video picture element at the top of the screen. The difference
in delay compensates for the difference that occurs in the
"beginning of vertical trace, between the rate of change of
‘current iy of FIGURE 3a in the zoom mode of operation and
that in the regular, non-zoom mode of operation.

20 The example of FIGURES 4a and 4b illustrates a
comparable case wherein the last video line BOTTOM of
interval 300 of image interval IMAGE is arranged to occupy
the bottom of the display screen, i.e., at maximum bottom
panning. Similar symbols and numerals in FIGURES 4a, 4b,

25 3a-3f, 2a-2e and la-1c are used for similar items or
functions. The delay between SYNC and the commencement
of the trace ramp in current iy of FIGURE 4a with respect to
signal SNTSC of FIGURE 4b is significantly longer than the

_ delay according to FIGURE 3a, as needed to expand or zoom

30 the bottom portion of the picture rather than the top. It will
be appreciated that by choice of an appropriate delay, which
can be by horizontal line counting or the like, a top pan or
bottom pan, or any position in between may be selected.

It is advantageous for purposes of circuit simplicity to

35 utilize a deflection circuit 11 as in FIGURE Ic, relying on a

| positive supply voltage V+ ‘and not requiring a negative .
supply voltage for generating an alternating deflection
current iy. A half supply voltage +V/2 is derived fr_om the
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terminal "1lc.

It is desirable to reduce the average or DC current
through current limiting resistor R70 so that a large
resistance can be used. The large value of resistor R70 is
desirable to provide for current limitation so that excessive
deflection current iy may be prevented if a fault condition
occurs. Such fault condition may occur, for example, if output
terminal 11b of amplifier 11a is shorted to. ground. It may
also be desirable to prevent excessive deflection current iy in
order to avoid damage to the neck of CRT 22 by a beam
current strike.

In accordance with an inventive feature, the average
value of the deflection current iy is reduced or limited, in the
“zoom mode of operation. Referring to FIGURE 3a, this is
“accomplished by adjusting the timing of the leading edge of
VRESET so that retrace commences at or near the midpoint of
the interval between time tl, when trace is completed, and
time t2, immediately prior to the beginning of the next
vertical trace. Thus, the vertical retrace interval ta-tb is
positioned within the nontrace interval tl1-t2, but is not
generally adjacent to either end point tl or t2. By balancing
the time at which the deflection current is at its - opposite
extremes, the average value of the deflection current is
minimized.

As shown in FIGURE lIc, the collector of half supply
transistor Q46 is coupled to the positive supply V+ through
resistor R70, and the base of transistor Q46 is coupled to a
voltage divider having equal value resistors, R91 and R92,
thus setting the base voltage of transistor Q46 at half the
level of V+. The emitter of transistor Q46 is thereby
regulated to half the voltage at V+, less the forward biased
base-emitter voltage of transistor Q46. The current Is

- supplied by the half supply, flowing through resistor R70,

produces a voltage signal at the collector of transistor Q46
representing the level of current Is. This voltage signal is
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l'onger dwekl tine, f@73exafitfyedithdh&ariRgaiidte the average current supplied
through half supply transistor Q46. The output of the error
amplifier transistor Q73 is a current proportional to the
amount by which the half supply current exceeds a reference
level of about 13 mA according to the circuit values of the
10 embodiment shown. The half supply emitter resistor R79
sinks about 21 mA. Feedback via diode CR71 causes the
circuit to regulate near 21 mA, keeping supply transistor Q46
in conduction during at least a portion of the vertical interval.
Referring to FIGURE 1a, the current output IERROR of
15 error amplifier transistor Q73 is coupled to a timing capacitor
' C17. The timing capacitor is disabled by a timer switch Q02
“and an inverter QO1, except when signal B is high. Signal B is
‘the vertical blanking signal generated by microprocessor 10a,
and is at the high blanking level except during vertical trace.
20 It is used by blanking circuitry, not shown, to blank the
screen of CRT 22. In the zoom mode, the leading edge of
blanking occurs earlier than the vertical timing signal A,
generated by the microprocessor to initiate a new vertical
trace in the non-zoom mode.
25 Current signal IERROR from error amphfler Q73 in
FIGURE lc is coupled to capacitor C17, charging the capacitor
to produce a voltage signal D as shown in FIGURE 2d (see also
FIGURE 3e), that ramps upwardly at a rate proportional to
IERROR. This timing signal D is coupled to the base of
30 transistor Q04, which forms a buffer between capacitor C17
' and the threshold input of flip-flop IC UO7. The threshold
input of IC UOQ7 is one input to a comparator U7a, the other
input being coupled internally to a voltage divider setting a
threshold of about 3.4 volts. When the buffered ramp
35 exceeds the threshold level, the set input of the
flip-flop FF in IC U07- mggers causing the Q- output of flip-
. flop FF to go high and ‘the low-true output at pin 3 to go low
Thxs low-true output is coupled to the base of a transxstor

/ whi ch the hal f
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occurs | ateb, retracdoidischargedticniggscapacitor Cild.a | ater point in the
vertical blanking period. Thesahloud8tdfak@ftent IERROR produced by the error
amplifier of Q73 in FIGURE Ic is determined by the emitter
voltage set by the voltage divider of resistors R75 and R77,
and by the voltage signal at the base of transistor Q73,

10 coupled from the collector of the half supply regulator
transistor Q46 by resistor R71. The gain of the current
amplifier is set in conjunction with the value of timing
capacitor C17 (FIGURE 1a) and the threshold defined by the
internal voltage divider in IC UO7 such that the threshold is

15 reached and retrace is initiated at a time causing the
deflection current during retrace to cross zero current near
- the midpoint of the blanking interval, as shown in FIGURE 3a.
“As a result, the DC component of the deflection current is '
appropriately small, and can be zero or a small absolute

20 value.

The timer IC UOQ7 rémains in a state clamping VRESET
high, until the vertical blanking signal B from microprocessor
10a drops below the trigger input voltage of IC U0O7. The -
trigger input of IC UQ7 is also arranged to be coupled to a

25 comparator U7b which triggers at about 1.7 volts. When this
occurs, signalling the beginning of a new vertical trace, output
-pin 3 of IC UO7 again goes high, releasing the clamping of
VRESET .and allowing VSAW to begin a new trace ramp.
Simultaneously, IC UQ7 releases discharge pin 7, enabling

30 timer capacitor C17 for timing during the next vertical
blanking pulse B. | '

Vertical timing signal A from microprocessor 10a is
OR'ed with timing ramp signal D via resistor R73, coupled to
the threshold input of IC UO7 and the emitter of buffer _

.35 transistor Q04. In the normal (non-zoom) mode of operation,
timing ramp -signal D may not reach the threshold -level at the
input of IC UO7 before the leading edge of vertical timing
-signal A. In that mode, the lcading edge of timing signal A




by the dashed |ine waveform of FIGURE 3a, at Bt k- gce occurs

*between times t2'

-t2, with the vertical synghrg

the normal, non-zoom node. 17 For any ar -edti m ng of
retrace is adjusted automatically to occur atjorqg %?G% i dpoi nt of
ln?rl ui

retrace, by the advantageous feedback co
| oadi ng of the half s% %é’

circ

the timng of the | &3 i nd edg ﬁgé]%@REgE?ﬁo SRR S of VI?EISEZUI e

3d continues to ranPiovipiacdligf NFAWG symehpEBIOSH tthr-thendeasling kedgs of

i nterval ; however,
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15

20

25

30

35

VRAMRL sagal VRAMP2 | evel out at the saturation

The circuit as thus described causes the leading edge of
VRESET in the zoom mode, and the initiation of vertical

‘retrace by clamping signal VSAW, to occur after the

beginning of blanking (i.e., after the change of state of signal
B), by an amount determined by the ramping voltage on
signal D. The circuit responds adaptively to changes in the
amount of zoom, to minimize the DC current loading of the
half supply. As discussed above, the error amplifier of
transistor Q73 produces a current representing the amount
by which the half supply current varies from a reference
level. S _
Assume the amount of zoom and the slope of the trace
ramp are increased suddenly, for example from the amount

's_hown in solid line in FIGURE 3a to the amount shown in
‘dash-dot line, so that the deflection current reaches its

negative maximum sooner. Before further servo adjustment
is initiated, the longer dwell time, for example at the negative
maximum, for a greater proportion of the vertical interval,
produces a DC deflection current offset and a change in DC
current loading of the half supply. This results in the current
output of error amplifier Q73 being likewise changed as a
function of the difference in supplied current from the
reference level. A larger current IERROR then causes a faster
rising ramp in signal D, making VRESET occur earlier in the
vertical blanking period defined by signal B.

_ In this manner, if the amount of zoom is increased and
the deflection current reaches its negative peak sooner, the

- delay between the blanking signal and the vertical reset is

increased and the retrace is advanced in a feedback servo
manner. Similarly, if the amount of zoom is decreased,
such that the negative peak occurs later, retrace is retarded
to a later point in the vertical blanking period. As illustrated
by the dashed line waveform of FIGURE 3a, at the latest,
retrace occurs between times t2'-t2; with the vertical

. synchronizing signal A, defining the nermal, non-zoom mode.
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vol'tages of the differential anplifier arranpeffem oI~ FIGORF:1y'0
*I'b, e.g., at about 2.3 and 4.3 volts, respecfiyelya atie %g Iéﬁdi ng edge of
VRESET, signal VSAWis cl anped high by transjsjor , causj ng VRAMP1 and

_ J !
VRAMP2 to switch to their opposite states. Dpflestiopn—anplifiar 1la in
FIGURE | ¢ then ceases operating in a i ndd eedback node anda 1 5

;
voltage VB at supply ra f Lfi rmo eflection
wi ndi ng Ly via out quBer{rHﬁ{]%gqo%ql%eqﬁbHétﬁlgce 8 f)ager l’16 i%JBftS(éuced

i medi ately after tiAgtomatially GURECaM, at @rened] eheidnidpsintoef cietrasat by to
conplete retrace by thHemadivlntapebhs hfdedbhck nedntfdIREirtgit0f wheRRpPSDCSt age 11f

capaci tor 1l Te. Capatiuht 1esling’ 8f4Rgeheli SEhrty; iniSioed dnd' eqpfeled by »

fromthe +26V suppl yadjustingethe+timdng i ofgtheededding adgrcef VRESEALy vol t age,

devel oped across filter copaal 'W§AW s shown in FIGURE 3d continues to ramp
downwardly during the beginning of the blanking interval;
however, VRAMP1 and VRAMP2 level out at the saturation
voltages of the differential amplifier arrangement of FIGURE

10 1b, e.g., at about 2.3 and 4.3 volts, respectively. At the
leading edge of VRESET, signal VSAW is clamped high by
transistor UO1A, causing VRAMP1 and VRAMP2 to switch to
their opposite states. Deflection amplifier 11a in FIGURE lc
then ceases operating in a linear feedback mode and a

15 voltage VB at supply terminal 6 of amplifier 11a is applied to
deflection winding Ly via output terminal 11b. A retrace
“voltage V11b is produced immediately after time ta in
FIGURE 3a, to enable deflection current iy to complete retrace
by time tb. Switch 11f1 in FIGURE lc of a boost stage 11f

20 causes a capacitor 11g to be coupled in series with a boost
capacitor 1le. Capacitor 11e is charged via a diode X and a
switch 11f2 from the +26V supply voltage V+, during vertical
trace. A supply voltage, developed across filter capacitor 11g,
is summed up with a voltage developed across boost

25 capacitor 1le so as to form boost voltage VB. Voltage VB is
decoupled from the +26V supply voltage V+ via a diode DR,
when boost voltage VB is formed. During the short interval
ta-tb in FIGURES 3a and 3e, retrace portion RETRACE of
current iy is produced. Electromagnetic energy stored in

30 deflection winding Ly of FIGURE lc due to current iy is used
in the boost circuit, shown schematically as switch 11fl, to
generate the vertical retrace voltage V11b at terminal 11b of
FIGURE Ic thatis larger than voltage V+, causing a fast
retrace.

35 Near time tb, deflection current iy has increased in
value to a point which permits linear operation of amplifier
11a. Feedback from resistor R80' enables the deflection

. current to follow the flat top portions of VRAMP1 and




is'sumed up with a voltage devel oped across boost 25 : capaci tor
*lle so as to form boost voltage VB. Voltage VB is decoupled fromthe +26V
supply voltage V+ via a diode DR, when boost voltage VB is fornmed. During
the short interval ta-tb in FIGURES 3a and 3e, retrace portion RETRACE of
current iy is produced. Electronmagnefgc energy stored in 30

deflection winding Ly of FIGURE 1c due to current iy is used in the boost

Ci {CUI t, slh;)vvn wﬁrgmz qeeltheeaSume@thfalxﬂg 112, tqoigqn@ratoe dfheer\tftfaﬂlt ﬁal
retrace Vo age er m [0) r an
vol tage V+, cau %{Ffbc ?ta "G é éectéo% amptifier f1a O%Ngléllﬁef} ©b,

defl ection curreperatinghds mCdmaedfaeldbaakumctdr aagainntproducds phcm ts
| i near operati oga@fofPhs cbebo&ubﬁ ofﬁﬁﬁﬁ&ﬁﬁgnfﬁﬁﬁkﬁf§v§tor R80 enables the
I :

deflection current to fo ow t at top portions o RAMP1 and
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1 8'VRAMP2

between tines tb and t2. At the end of vertical retrace, at

‘time t2 deflection anplifier | la of FJmmmnmmmﬂ ginits linear
f eedback node, again produces t he sawt t of gefeectt-9n

current iy.

appar at us,
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. WHAT IS CLAIMED IS; 13 AUG 1996
1. A video display apparatus, comprising:

a cathode ray tube (22);

a vertical deflection winding (Ly) on said cathode ray
tube;

a source (10al) of an image control signal (ZOOM)
representing an image scale factor selected from a range of
values; '

a source (9) of a vertical synchronization signal (SYNC);

a deflection ramp generator (100) responsive to said
synchronization and image control signals for generating a
ramp (VSAW) with a slope that varies with the selected scale
factor; characterized by

a deflection amplifier (11a) responsive to said ramp for
generating in said deflection winding a cyclical deflection
current (iy) having a period of a vertical interval, the
"deflection current ranging between a first extreme (+IP) and
a second extreme (-IP) during a trace interval (t0-tl) that is
shorter than the vertical interval (t0-t2) by a time (t1-t2)
that varies with the selected scale factor; and

a retrace signal (VRESET) generator (10a, Q73, C17,
UO7) operable to return the deflection current from the
second extreme to the first extreme during a retrace interval
(ta-tb) that is positioned within a nontrace interval (t1-t2),
but not generally positioned adjacent to either end point of
the trace interval.

2. The video display apparatus according to Claim 1,
characterized in that a timing means (10a, Q73, C17) of the
retrace signal generator is operable to generate said retrace
interval substantially centered about a midpoint of the time
by which the trace interval (t0-tl) is shorter than the vertical
interval (t0-t2).

3. The video display apparatus according to Claim 1,
characterized in that the ramp  generator, the. deflection
amplifier and the deflection winding form a DC-coupled |
-vertical deﬂectlon circuit (ll), and the retrace signal



a cathode ray tube (22); a vertlcal defl ection WI ndi ng (L
*ray tube; a source (l1QCal) of an |Imu I ll al

i mage scal e factor selected from .m,ﬂ u ; a sou
vertical synchronization signal (SYNO; ta defFectlon ranp

responsive to said synchronization gng i mage control sign
aranp (VSAW with a slope that varies with the sel ected

«Q O =~
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enerator (100) ,
|'s for generating

tnr'

characterized bgemerdedd eeduces amPCf aecrage kajrenes{ohsinysaido cb&lestlmrrp for

generating in sgjj ﬁdgﬁ: | ection winding a cyclical deflectio
having a period of a Vertical interval, the deflection cur
between a first extrenme (+lP) and

n current (iy)
rent ranging

4. The video display apparatus according to Claim 3,
characterized in that the retrace signal generator is coupled
in a feedback loop to the vertical deflection circuit to advance
or retard the retrace interval to minimize the DC average
current.

5. The video display apparatus according to Claim 4,
characterized in that the retrace signal generator includes a
current error amplifier (Q73) coupled to the vertical
deflection circuit and operable to produce an error current
signal as a function of a difference between the DC average
current and a reference level, the error current signal being
coupled to charge a capacitor (C17), and further comprising a
“threshold detector (U7a) operable to trigger the initiation of
the retrace interval when a timing ramp signal (D) on the
capacitor reaches a threshold.

6. The video display apparatus according to Claim 4,
further characterized by a power supply (V+, Q46) for
generating a first supply voltage (V+) and a second supply
(+V/2) voltage having the same polarity as said first supply
voltage, the first and second supply voltages being coupled to
opposite ends of the deflection winding.

7. The video display apparatus according to Claim 6,
further characterized by a current limiting resistor (R80)
coupled to the deflection circuit, a lower (+V/2) voltage one of
the first and second supply voltages being coupled to a
terminal (11c) of said resistor remote from said deflection
amplifier.

8. The video dlsplay apparatus accordmg to Claim 4
further characterized by a .current hmmng resistor (R80) -
coupled to the deflection circuit, and wherein. the retrace.



a second extrene (-1P) during a trace interval (tOtl) th
*the vertical interval (t0-t2) by aJﬂImﬂJMI" mﬂu& vari
sel ected scale factor; and a retra I q w generjat
Cl17, W07) operable to return the deflectibn Burtert from
extrenme to the first extrenme duringamjretrace interval (t

positioned within a nontrace interval (tl-t2), but not gerjerally positioned
adj acent to eitsignabrptngoator 3f opbkeatile ame mittierizal a RC The i

appar atus accorgj t Lbm.1 - .charactetized in that a timng neans (1Qa,
Qr3, C17) of thgll pgf’rg‘cjgeg:t?ﬁﬁmglgné?%tggéﬂi S operable to generate said

retrace interval substantially centered about a m dpoint of the tine by

_\(A/[liO_C[l2§ he trace integvathd tvéd)displayh@pparathadcddigingetbi CHini 4 er val
' further characterized by a power supply (V+, Q46) for
generating a first supply voltage (V+) and a second supply
voltage (+V/2) having the same polarity as said first supply
voltage, the first and second supply voltages being coupled to
opposite ends of the deflection winding.
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10. The video display apparatus according to Claim 1,
characterized in that said retrace signal VRESET is time
shifted relative to the vertical synchronization signal for
panning to a zoomed portion of a picture being displayed.

11. The video display apparatus according to Claim 1,
‘characterized in that said retrace signal generator centers
said retrace interval within said nontrace interval.

12. The video display apparatus according to Claim 1,
characterized in that said deflection amplifier maintains said
deflection current near said second extreme from the end of
said trace interval to the beginning of said retrace interval
and maintains said deflection current near said first extreme
from the end of said retrace interval to the beginning of the
next subsequent trace interval.

13. The video display apparatus according to Claim 12,
characterized in that said retrace signal generator centers
said retrace interval within said nontrace interval.

14. A video display apparatus, comprising:

a cathode ray tube (22);

a vertical deflection winding (Ly) on said cathode ray
tube;’ ' -

a source (9) of a vertical synchronization signal (SYNC);



3. The video display apparatus according to Caim 1, charaeterized in that
*the ranp. generator, the deflection anplifier and the defI ecti

form a DC-coupled vertical deflection circuit (11), E‘H“‘ wmﬁ m\gnal
generator reduces a DC average current (Is) in said def

The video display apparatus according,to Caim3, char act eri zed in that the
retrace signal generator is coupled in a feedback loop to the vertical

deflection circuit tm alh@émeororrarrﬁpagdnéﬂﬁ@of e(tlfw()erésfﬁﬁtrsi/@ thO sHiNi M ze
3 Zhe DC average CWnc‘f'\%mz%uo-lr-\hesﬂg/r'tgleqor gene atfh) agagyﬁchar%%?zrc r% g daim
’ (VSAW); characterized by |
a deflection amplifier (11a) responsive to said ramp for
generating in said deflection winding a cyclical deflection
current (Iy) having a period of a vertical interval (t0-t2), the
deflection current ranging between a first extreme (+IP) and
a second extreme (-IP) during a trace interval (t0-tl) that is
shorter than the vertical interval; and
a servo circuit (10a, Q73, C17, U07) coupled to said
deflection amplifier for positioning a retrace interval (ta-tb)
within a nontrace interval (t1-t2) by means of servo
feedback control.

15. The video display apparatus according to Claim 14,
characterized in that said servo circuit centers said retrace
“interval within said nontrace interval.

16. The video display apparatus according to Claim 15,
characterized in that said deflection amplifier maintains said
deflection current near said second extreme (-IP) from the
end (t1) of said trace interval to the beginning (ta) of said
retrace interval and maintains said deflection current near
said first extreme (+IP) from the end (tb) of said retrace
interval to the beginning (t2) of the next subsequent trace

~ interval.

17. The video display apparatus according to Claim 14,
characterized in that said servo circuit includes means (R70)
for generating a signal (Is) representative of average
deflection current and means (Q73) responsive to said
average deflection current representative signal for'providing
servo feedback control of said average deflection current.
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characterized in that the retrace signal generator includes a current error
anplifier (Q73) coupled to the vertical deflection circuit and operable to
produce an error current signal as a function of a difference between the
DC average current and a reference |level, the error current signal being
coupled to charge a capacitor (Cl7), and further conprising a threshold
detector (Ura) operable to trigger the |nd$ ation of the retrace interval
when a timng ranp signal (D) on the capa reaches a threshold. 6. The
vi deo di spl ay apparatus according to Clain14 further characterized by a

I V ' | I d
gg‘g’gadsgggpry( ( X %‘f ﬁ%%@?@da@pW%ﬁgAgg?g%&?%ggnsugpl y

voltage, the first and second supply voltages belng coupled to opposite
ends of the deflection w nding. .

ABSTRA

_ A television receiver is controlled as to the degree of
vertical zoom via a deflection current ramp that varies in slope
and which may be delayed to achieve panning. Due to the

5 - increased slope when zoomed, the deflection current and the
electron beam complete a trace in less time than the normal
vertical interval. The deflection current is maintained at one
extreme or the other outside the trace interval, and the beam is
blanked. A retrace. signal generator (10a, C17, U07) coupled in a

10 feedback (IERROR) loop with the power supply for the deflection
circuit determines the midpoint of the blanking period and
generates a fast retrace (VRESET) at or near the midpoint. The
feedback loop is arranged to minimize the DC average current in
the deflection winding by having a current source responsive to

15 the DC average current for charging a timing ramp (C17) that
triggers retrace upon reaching a threshold. The slope of the
timing f_jamp varies with DC loading, thus advancing or retarding
retrace to center retrace in the blanking interval.

20
FIGURE 1a
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7. The video display apparatus according to Claim®6, further characterized

by a current

limting resistor

(R80) coupled to the deflection circuit,

a

| ower (+V/2) voltage one of the first and second supply voltages being

coupled to a term na

anplifier.

characterized by a current

deflection circuit,

(11c) of said resistor renote fromsaid deflection
8. The video display apparatus according to Claim 4,

further

and wher ein.

limting resi’f
the retrace.

®r

(R80) coupled to the

21 signal

gener at or

is

operable to mnimze a DC current flowng in the current

limting resistor.
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9. The video di splay apparatus according to Claim4 further characterized
by a power supply (V+, @Q46) for generating a first supply voltage (V+) and
a second supply voltage (+V/2) having the sanme polarity as said first
supply voltage, the first and second supply voltages being coupled to
opposite ends of the deflection mﬁndin%. 10. The vi deo displ ay appar at us
according to Claiml, characterized in Rat said retrace signal VRESET is
time shifted relative to the vertical synchronization-signal for panning to
a zooned portion of a picture being displayed. 11. The video display
apparatus according to Claim1l, characterized in that said retrace signal
generator centers said retrace interval within said nontrace interval. 12.
The video display apparatus according to Claim1, FIBr afberi zed in that
said deflection anplifier maintains said .
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def I'ection current near said second extreme fromthe end of said trace

‘i nt erval

to the beginning of said retrace interva

an

d mai ntains said

defl ection current near said first extrene fromthe end of said retrace

i nterval

to the beginning of the next subsequent trace interval.
vi deo di splay apparatus according to Caim 12,

char ac

13. The
terized in that said

retrace signal generator centers said réfPace interval within said nontrace

interval. 14. A video display apparatus, conprising: a cathode ray tube
(22); a vertical deflection winding (Ly) on said cathode ray tube; a source
(9) of a vertical synchronization signal (SYNC
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22 & deflection ranmp generator (100)

"signal for generating a synchroni zed ranmp (VSAW;
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15. The video di spl ay apparatus according to Claim 14, characterized in

that said servo circuit centers said retrace interval

16. The video display apparatus according to C aim15,
mai ntai ns sai d defl ection

i nterval .

characterized in that said deflection anplifier

within said nontrace

current near said second extrene (-1P) fromthe end (tl) of said trace
Interval to the beginning (ta) of said Péfrace interval and maintains said
defl ection current near said first extreme (+IP) fromthe end (tb) of said

retrace interval
i nterval .

means (Q73)

FIG. 3d
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for providing servo
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representative signa

of said average deflection current.
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