-1- SGAN VEL'@CI'TY MODULATION CIRCUI T This invention relates to adj ustl ng
bream scanning vel ocity to inprove sharpness if-tmpéast anni ng di spl-ay
suth as a cathode ray tube display. The sharpness of a video display my be
i mproved by varying the horizontal scanning rate of the beamin response to
variations of the |um nance conponent of the video signal. The |um nance
,signal is differentiated and the diffegentiated | um nance signal drives an
auxi liary beam deflection coil to nodify the horizontal scanning rate so as
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exanple, at a transition fromblack to white in a given horizontal scan
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the beam scanning speed is increased approaching the transition, thus
making the display relatively darker in the black area of the transition.
Upon passing the transition into the white area, the beam speed is
decreased such that the beam dwells relatively longer, making the display
 relatively brighter. The reverse occurs in passing from light to dark.

The scan velocity modulation (SVM) coil operates to add or subtract
from the magnetic horizontal beam deflection field applied by the main
horizontal deflection coils. The angle of beam deflection is a function of
horizontal rate scanning current, gemerally a sawtooth current, causing the
beam to sweep across a horizontal raster line at a vertical position
determined by a vertical rate sawtooth current, coupled to the vertical
deflection coils. =

The sawi_ooth scanning drive currents are adjusted to account for the
fact that the display screen is substantially flat rather than spherical. A
given amount of angular beam deflection produces a smaller linear
horizontal displacement of the beam at the center of the flat screen and a
greater amount at the edges of the screen, because the screen is relatively
farther from the source of the beam when scanning at the edges of the
screen than at the center of the screen. The beam scan is made linear on
the screen by decreasing the slope of the current sawtooth at the edges of
the scan and/or increasing the slope at the center.

Where a cathode ray tube has a relatively short throw dlstance
compared to the radius of curvature of the faceplate, and where the tube
deflection angle and screen diagonal are relatively large, the electron beam



horizont al di spl acenent of the beamat the center of the flat screen and a
greater anount at the edges of the screen, because the screen is relatively
farther fromthe source of the beam when scanning at the edges of the
screen than at the center of the screen. The beam scan is made |inear on
the screen by decreasing the slope of the current sawtooth at the edges of
the scan and/or increasing the slope at_the center. Wiere a cathode ray
tube has a relatively short t hr ow di st &hce conpared to the radius of
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given angular deflection produces a larger linear displacement of the beam
position when scanning at the edges of the screemn than at the center.
Therefore, according to an inventive feature, it would be desirable to .
reduce rather than increase the extent of scan velocity modulation at the
screen edges to correct for screen geometry effects on modulation
sensitivity.

In the past, scan velocity modulation coils have not been hlghly
sensitive. High sensitivity scan velocity modulation coils have now become
available, and under some circumstance of high drive can momentarily
stop the beam position during a scan, or if overdriven can even move the
scanning beam backwards, thereby detracting from sharpness. It would
be advantageous if a scan velocity modulation signal could be made to
more accurately follow sensitivity variations during raster scanning to take
full advantage of these high sensitivity coils.

In an inventive arrangement, a scan velocity modulation circuit
includes a drive signal generator for a deflection device which produces
modulated deflection of an electron beam in a picture tube in response to a
video signal a source of a deflection rate input signal modifies the drive
signal to vary the amount of modulated deflection as a function of screen
beam position.

FIGURE 1 is a 'schematic diagram illustrating an exemplary
embodiment of an inventive scan velocity modulation circuit.

FIGURE 2 is an isometric view showing the geometry of beam
séanning over a substantially flat screen.



reduce:rather than increase the extent of scan velocity nodul ation at the
screen edges to correct for screen geonetry effects on nodul ation
sensitivity. In the past, scan velocity nodul ation coils have not been
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produced by the main deflection coils. (not shown) while raster scanning.
Alternatively, auxiliary electrostatic deflection plates may be used.
The derivative dY/dt of luminance signal Y represents the extent to
which the luminance signal is in transition from light to dark or dark to
light. Picture sharpness is improved by causing the beam to pass more
slowly than nominal, on the lighter side of a luminance transition, and to
pass more quickly than nominal on the darker side of the transition.
As shown in exaggerated manner in FIGURE 2, the display screen 50
of a picture tube is substantially flatter than a spherical surface, such that
the distance between the deflection center 52 of the beam, and the surface
of the screen bearing the phosphors, varies as a function of the position of
the beam on the screen. Thus, the shortest distance or throw distance L
between deflection center 52 and screen 50 is-at screen center C, along the
center line or tube longitudinal axis. A beam length DH or DV when
scanning at the horizontal or vertical edge, at a linear screen distance H or
V from the center, is related to the cosine of an angle AH or AV,
réspectively, between center line L' and the beam lines DH or DV. The
greatest beam length DB occurs at the screen corners, at a distance B from
the center, because angle AB is at the greatest angular deflection from
center line L. ‘ .
As a result of this geometry, a given difference in angular deflection
of the beam, for example due to a difference in deflection driving current,
has different effects with respect to linear displacement of the beam on
screen 50 at different points of the screen. A. given increment of driving
- current produces a proportional angular deflection of the beam, regardless
of beam position. However, this angular deflection produces a different




For inproving sharpness of a scanning beam di splay, for exanple of a

tel evision recéiver, video termnal or the like, a lum nance signal Y is
coupled to a scan velocity nodulation circuit of FIGURE 1, for altering the
beam scanning rate. The | um nance signal Y is coupled to a differentiator
stage 42 that devel ops a scan velocity modul ation signal YSVMthat is
coupled to an anplifier 44 for driving scan velocity modul ati on (SVM
~device L1, for exanple, an auxiliary deflection coil nounted on the cathode
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a function of beam position displacement from center. This is
accomplished by varying the scan velocity modulation drive at horizontal
and/or vertical rates. The amplitude of scan velocity modulation is
reduced when scanning remote from the center of the display as a function
of the beam displacement from the center, thereby providing sharpness
enhancement that is substantially independent of beam position.
The amplitude of scan velocity modulation may be controlled in
various ways, e.g. by varying a gain element in the scan velocity
- modulation circuit such as amplifier 44 in FIGURE 1, by varying the input
signal level, or by dynamically limiting an output level of the scan velocity
modulation circuit. In FIGURE 1, for example, a combined horizontal and
vertical rate parabola correction signal, SHV, developed at the emitter of a
buffer transistor Q2, may be coupled to a gain control input of amplifier 44
‘to modify the amplitude of SVM current il in SVM coil L1 so as to decrease
deflection drive at the screen edges. Alternatively, as shown by the
dashed line, signal SHV may be coupled. to  the limit input of amplifier 44.
As a third alternative, as shown by the dash-dot line in Figure 1, correction
signal SHV may be applied to differentiator stage 42 to control, using
conventional techniques, the amplitude of modulation signal YSVM.
One factor in determining the extent of the variation of scan velocity
modulation from center to edge is the aspect ratio as well as the geometry



centér<line L. As a result of this geonetry, a given difference in angul ar
defl ection of the beam for exanple due to a difference in deflection
driving current, has different effects with respect to |linear displacenent
of the beamon screen 50 at different points of the screen. A given

i ncrement of driving current produces a proportional angul ar deflection of
the beam regardl ess of beam position._ klowever, this angul ar deflection
produces_a_different -4- linear displacenent of the beam qn the screen,
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depths and screen curvatures and SVM coils of different deflection
-sensitivities. . |
In FIGURE 1, an east-west pincushion correction circuit 24 of the
television receiver, which produces parabolas at the horizontal and vertical
scanning rates, is advantageously used to generate scan velocity
modulation correction signal SHV. Other voltages at circuit locations may
be advantageously used, such as the voltage across the S-shaping capacitor
of a horizontal deflection circuit, not shown, where the horizontal
.+ deflection current undergoes amplitude changes. for east-west pincushion
correction. ' : .
East-west pincushion circuit 24 may be of the diode modulator type,
where a horizontal rate sawtooth current im- flows in a modulator inductor
Lm coupled in series with a modulator capaci;of Cm at a junction 25.
Current im is integrated by 'capacitor Cm to produce a horizontal rate, fH,
parabolically shaped modulator voltagé Vm, as illustrated in the horizontal
rate time scale of FIGURE 3a. An additional circuit 26, in shunt with
capacitor Cm, loads junction 25 at a vertical rate in a parabolic manner, to
modulate voltage Vm at a vertical rate, 1/fV, in a parabolic manner, as
illustrated in the vertical rate time scale of FIGURE 3b. As a specific
example, the vertical'parabola voltage Vm is 20 volts peak-to-peak and
the horizontal parabola modulation depth is 3 to 4 volts.
Pincushion modulator voltage Vm is applied as an input signal to an
SVM amplitude correction circuit 21 of Figure 1. The horizontal parabola
component of voltage Vm is coupled to a summing junction 31 of voltage
dividing resistors R7 and R8 via the series path of a resistor R1, a resistor



acconpl i shed by varying the scan velocity nodul ation drive at horizontal
and/ or vertical rates. The anplitude of scan velocity nodulation is reduced
when scanning renote fromthe center of the display as a function of the
beam di spl acenent fromthe center, thereby providing sharpness enhancenent
that is substantially independent of beam position. The anplitude of scan
.velocity nodul ation may be controlled $n—various ways, e.g. by varying a
gain ele nt in the sca velfﬁlty nmodul ation circuit such as anpllfler 44
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being combined with the horizontal parabola component at summing
junction 31.. To provide this inversion, voltage Vm is taken off at the
junction of resistors R1 and RS and is applied to the base of an inverting
transistor Q1 via a series arrangement of a DC blocking capacitor C1 and a
resistor R2. DC biasing of the base of transistor Q1 is provided at the
junction of voltage dividing resistors R4 and R3. Emitter degeneration for
transistor Q1 is provided by a resistor R6. The vertical parabola
component of voltage Vm is adjusted in amplitude by operation of
components R2, R3, R4, and R6, inverted in polarity at the collector of
transistor Q1 and summed with the horizontal parabola at summing node
31 to provide the combined SVM amplitude correction signal Sm. The
separate paths taken by horizontal parabola component and the™ vertical
parabola component of voltage Vm advantageously enable the
independent control of each of .the parabola amplitudes. The small amount
of horizontal parabola component inverted by transistor Q1 subtracts
insignificantly from the required positive polarity horizontal parabola
voltage needed at summing point 31.

Amplitude correction signal Sm is applied to the base of an emitter
follower buffer transistor Q2 via a resistor R9. A high frequency noise
pickup capacitor C3 bypasses the base. The SVM amplitude correction
signal SHV thus developed, and previdusly discussed, is then applied as a
gain or limit adjusting signal to SVM amplifier- 44 or is then applied as an
amplitude control. signal to differentiator stage 42. DC biasing of the



be required in a 35V, 4X3 aspect ratio, flat display screen, to render the
sensitivity of scan velocity nodulation, i.e. S = As/Ail, substantially the
sane at all beam positions, where As represents a small linear deflection
and Ail of a small change in nodulation coil current. The difference in
maxi mum scan vel ocity reduction between vertical and horizontal positions
is required because the display has a relatively greater width than hei ght.
O her specific percentages may apply, ™ fér- exanpl e, when taking into account
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waveform. In this way, SVM amplitude correction circuit 21 provides
independently adjustable horizontal and vertical' rate parabola signals
combined in their proper polarities.



exanpl e, the vertical parabola voltage Vmis 20 volts peak-to-peak and the
hori zontal parabol a nodul ation depth is 3 to 4 voits: Pirncushion nodul ator

voltage Vmis applied as an input signal to an SV mgtlon
circuit 21 of Figure 1. The horizontal parabola ¢ r‘ﬂﬂm " “ll"' e Vmis
coupled to a summng junction 31 of voltage dividingcesistors R7 and

via the series path of a resistor R1, resistor -6- RS and a capaC|tor
C2. The_vertical parabol a conponent of Voltage Vmis bl ocked by the
rel ati WIHATHS CLAIMED{Scapacitor C2. The val ues of these five conponents
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having vertical and horizontal rate components differing in relative
amplitudes from that of said ‘input signal, said drive signal being modified

in accordance with the vertical and horizontal rate components of said
correction signal. '

2. A circuit according to Claim 1, characterized in that said. input
signal source (24) comprises a capacitance (Cm) coupled to an inductance
(Lm), a horizontal rate sawtooth current flowing in said inductance
producing said horizontal rate component as a generally parabolic
waveform, an additional circuit (26) coupled to said capacitance producing
said vertical rate component as another generally parabolic waveform.

3. A circuit according to Claim 2, characterized in that said input
signal source (24) comprises an east-west pincushion correction circuit.

_ 4. A circuit according to Claim 2, characterized in that said
correction signal producing means includes means (R1, RS, R7, RS, C2) for
centering said horizontal rate parabolic waveform within a horizontal trace
interval.

5. A circuit according to Claim 1, characterized in that said drive
signal is modified to reduce said electron beam deflection modulation near
top, bottom, left and right screen edges of said picture tube relative to
screen center. , ' |

6. A scan velocity modulation circuit, comprising:

a source (Y, 42) of a video 'éignal (YSVM);

means (L1) for deflecting an electron beam of a pictyre tube;

. means (44) responsive to said video signal and coupled to said
deflecting means for generating a drive signal (i1) which produces an



junction of voltage dividing resistors R4 and R3. Em for

transistor QL is provided by a resistor R6. The verti onent
of Vvoltage Vmis adjusted in anplitude by operation: m glﬁﬁ |ﬂﬁkalr
R4, and R6, inverted in polarity at the collector of

sutmmed with the horizontal parabola at. summ ng node 31 to provide the
conbi ned SVYM anplitude correction sighnad -Sm The separate paths taken by
hori zont al parabol a conponent and the vertical parabol a conponent of
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SHV t hudetlectionpefi sai delpcgonobealyn desr us serteni edgeeof agapd | pidtare aubei n or

limt agflagveNto sagmieeﬁ%ém anplifier 44 or is then applied as an
anpl i tude cogtrol naI to di ferent ajor _stage 42. DC biasing of the
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resul ti ﬁgnﬂbommaranngn meansefdry modlfymg said drive signal to reduce the
amount of modulated deflection near top, bottom, left and right screen
~edges relative to said screen center. '

8. A circuit accordmg to Claim 7, charactenzed in that a ratio of
the reduction in the amount of modulated deflection near the left and right
screen edges is greater than that near the top and bottom screen edges.

9. A circuit according to Claim 6, characterized in that said
deflection rate input signal includes horizontal and vertical rate parabola
components.

10. A circuit according to Claim 9, charactenzed in that said
deflection rate input signal source (24) compnses an. east-west pincushion
correction circuit. :

11. A circuit according to Claim 9, characterized in that said
deflection rate input signal source (24) comprises a capacitance {Cm)
coupled to an inductance (Lm), a horizontal rate sawtooth current -flowing
in said inductance producing said horizontal rate parabola component in
said capacitance, an additional circuit (26) coupled to said capacitance
producing therein said vertical rate parabola component.

12. A circuit according to Claim 11, characterized in that said
deflection rate input signal source (24) comprises a diode modulator.

13. A circuit according to Claim 9, characterized in that said
modifying means includes means (R5, C2 and Cl, R2, Q1) for separating
said horizontal and vertical rate parabola components into first and second
paths, respectively, to change the relative amplitudes of the two parabola
components, said two parabola components thereafter being recombined to
produce a correction signal (Sm) that is applied to said drive signal



correction signal SHV at the screen edges advantageously produces a better
fit of correction signal drive to screen geonetry. As shown at the verti cal

rate tinme scale of Figure 4b, correction vol tagee, - goi ng
‘parabola, with the horizontal rate. nodulation b ml”melmﬁﬂm t he
envel ope A-B, which defines the nodulation depth of % hé wAvef orm

.shown in the horizontal rate tinme scal ggol FI GURE 4a, the horizontal
conponent of correction voltage SHV is also a positive-going parabola, wth
t he vergem.aatmgt meandufor imodifying saidii drive dsignal He -aceetdapee Cwith végidh

defineg i?d?” depth of the waveform In this way, SVM anplitude
correct | on CI rcul [ovi des, i ndependent lil adJ ust abl e hori zontal and
heh

verti cal ratk“-parébﬁ“&“ﬁl aerarding o Gdaim nl tegjred po| that (sadd - 8-
VWHAT | Qe tMSgD thSan§ mchﬂ&cﬂiba'tﬂ' %deﬁ)ma’h ntm rgolatity COfMUneiofy: a

d L f def
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and coupcethbinexhi d defl ecti ng means for gener at i ng a drive signal (il)
whi ch produq§ scgnc&ehﬁcaélabjgﬂytat faifit 1 £ ClR | §h SinGE a0 beam
characterized by a source an | nput_"Si aving verti.cal and
hor i zoSERATatHE: TREARD (COMPBrisesn meansn(R | RB@SC%QlR" cRB)fpr cwapeshapingsa; d
i nput  Yngnef ERIPurabolh Tc@nﬂfddén@§ | poe cehpaits oposk a«bitﬂih fﬁ*ﬂ&lédﬁoﬂ)r@ﬁb&l ng
a correcp on SI gnal (Sm
16. A circuit according to Claim 6, characterized in that said drive
signal generating means comprises an amplifier (44), said modifying
means controllmg the gain of said amplifier.
17. A circuit according to Claim 6, characterized in that sald drive
signal generatmg means comprises an amplifier (44), said modifying
means controlling the limiting action thereof.
18. -A circuit according to Claim 6, characterized in that said
modifying means controls an amplitude of said video signal.
19. A scan velocity modulation circuit, comprising:
a source (Y, 42) of a video signal (YSVM);
means (L1) for deflecting an electron beam of a picture tube towards
a screen thereof;
means (44) responsive to said video signal and coupled to said
deflecting means for generating a drive signal (i1) which produces an
amount of scan velocity modulated deﬂection of said electron beam;
- characterized by ' ‘ - |
a source (24) of a deflection rate input s1gnal containing both vertical
- and horizontal position information; and
means (R1-R8, C1, C2, Q1) responsive to said deflection rate input.
signal for modifying said drive signal to vary the amount of modulated
deflection of said electron beam as a function of both vertical and
horizontal positions at said screen. - |



havi mng ,vertical and horizontal rate conponents differing in relative

anpl i.tudes fromthat of said input signal, said drive signal being nodified
i n accordance with the vertical and horizontal rate conponents of said
.correction signal. 2. A circuit according to Claim1l, characterized in
that said input signal source (24) corrp“ ses a capacitance (O coupled to
an inductance (Lm), a horizontal rate sawtooth current flowing in said
inductance producing saiFMbVELQGTAY MORUIATROSHRAS T2 general |y
parabolic waveform an additional chpsqRACF6) coupl ed to sai d capacitance
produci ng sal d &ertl .cal rate cq nent as anot her, gener \é araboll C

wavef orm 3. A teleyision; receivex dlq&(j'dﬁé & 8738 velepity am ‘4 1atign; GIfCHL, saj d

i nput f(@]aJMSMDCGMxﬂé}nﬂQﬁﬂglaﬂ“ﬁeto%fbéﬁ@sﬁcxﬁ!%ll%ﬂwcwhlGa @1y eouples .

ci rcui cor Q c ai
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cent er i cigcuiti o hax itoomary scanevelacityomedwlationo with dﬂsplac&mmtu pbnbeam; r ace

'n_terva#omﬁon fﬁalﬁ' lféL”cEn?eﬁ'CSf gihegsérEeﬁ:' aiThe ig@l' 41§ Smaynbkhat said
drive s fied to, reduce said eect FOF flectlon nodul ati on

near t "B?ﬁlt fﬂ'ﬁ’f“ | & fpingHshiong correction, cé’aﬁ'ég ) s i (¢lGVISIORHICGEVER| ve
to screfor eraimple, from A dicde \mrodulator. mod @that | 1ti:on-dudtc,atnrgrrmarsbasigs a

et ofthye Shhpl (i, Mﬂ%ﬂllﬁe\?@h?f@ r%ebLﬁé}‘ifgfx ouf i iy,
and couputpitt tevedi limigingscor nthenamplitude nelmtdnft,ergnaamb kunginancei 1)
whi ch PgigHHFEGrSVYM) applied to the amplifier to provide scan velocity modulation

reduction away from screen center.

FIGURE 1



-9- amunt of scan velocity nodul ated defl ection of said el ectron beam
characterized by a source (24) of a deflection rate input signal (Vm; and
reans (R1-R8, Cl, C2, Ql) responsive to said deflection rate input signal
for nmodifying said drive signal to reduce the anmpbunt of nodul at ed

defl ection of said electron beam near a screen edge of said picture tube

relative to a screen center. 7. A circuit according to Claimé6
characterized in that said nodifying ans produces a correction signa
(Sm having horizortal and vertical r conponents, said correction signa

bei ng applied to sai.d drive signal generating nmeans for nodifying said
drive signal to reduce the anmount of nodul ated defl ecti on near top, bottom
| eft and right screen edges relative to said screen c r. 8. A circuit
according to Caim?7, i i a ratio oM&he reduction in the
amount of nodul ated detl eatisgr] near +he Ieft and_ri ep_edges is-
greater than that near thext®d and Hetfom scree Ecircuit
according to Claim6, charactdrized in that sai d&je rate i nput
signal includes horizontal- and verti cal rate'pqraiula ents. 10. A
circuit according to daim9, |charadc®gki zed iln

i nput signal source (24) conpr]is - west orrection
circuit. 11. A circuit accor in that said
deflection rate input signal soufce (,24) conyrises &capafpt ance (Cm
coupled to an inductance (Lm, a hggggontal 1ate sawm ook h“current fl ow ng
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in said inductance producing said horizontal rate parabola conmponent in

sai d«capaci tance, an additional circuit (26) coupled to said capacitance
proeducing therein said vertical rate parabola conmponent. 12. A circuit
according to Claim1ll, characterized in that said deflection rate input
signal source (24) conprises a diode nodulator. 13.. A circuit according to
Caim9, characterized in that said nodifying neans includes neans (R5, C2
and Cl, R2, Ql) for separating said horizontal and vertical rate parabol a
conponents into fiTst and second paths, respectively, to change the

rel ative anplitudes.of the two parabol a § onents, said two parabol a
conponents thereafter being reconbined t ﬁgPoduce a correction signal (Sm
that is applied to said drive signal - 10 - generating nmeans for

nodi fying said drive signal in accordance with said correction signal. 14.
"Acircuit according to Caim13, characterized in that said separating
means i ncludes neans (QLl) for inverting the polarity of one of the two

par abol a conponents relative to the oth® ,@ne prior to being reconbined.

15. A circuit according to C aim 13,
means conprises neans (Rl, R5, C2, R7, & waveshapi ng one of the
par abol a conponents to center its peak P
16. A circuit according to Caim6, chg that said drive
si gnal generating neans conprises an argplifi ¥y ‘ Qi d nodi fying

=
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means eontrolling the gain of said anplifier. 17. A circuit according to
Clai M6, characterized in that said drive signal generating neans conprises
an ‘anplifier (44), said nodifying nmeans controlling the limting action
thereof. 18. A circuit according to daim6, characterized in that said
nodi fyi ng means controls an anplitude of said video signal. 19. A scan

vel ocity nodulation circuit, conprising. a source (Y, 42) of a video signa
(YSVM; neans (L1) for deflecting an gﬁ3ctron beam of a picture tube
towards a screen thereof; means (44) responsive to said video signal and

" coupled to said def | -¥ ing neans for generating a drive signal (il) which
produces an anount of jscan vel ocity nodul ated deflection of said el ectron
beam characterized by] a s a deflection rate input signa
osition information; and neans

n rate input signal for

said el ectron beam as Ja Nupcti on of both ve\tifcal and horizontal positions
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