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SCAN VELOCITY MODULATION CIRCUIT 

This invention relates to adjusting beam scanning velocity to 
improve sharpness in a raster scanning display such as a cathode ray tube 
display.· 

The sharpness of a video . display may be improved by varying the 
horizontal scanning rate of the beam in response to variations of the 
luminance component of the video signal. The luminance sign~l is 
differentiated and the · diff ere~tiated luminance signal drives an au)'.tiliary 
beam deflection coil to modify the horizontal scanning rate so as to · 
emphasize contrast between light and dark . areas of the display. For 
example, at a transition from black to white in a given horizontal scan line, 
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 
decrease<l 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, generally 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 sawtooth scanning drive currents are adjusted to account for the 
fact that the display screen is substantially flat rather than sphei:ical. A 
given amount of angular beam deflection produces a smaller linear 
horizontal displacement of the beam at the center' of µte 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 dist.ance 
compared to the radius of curvature of the faceplate, and where the tube 
deflection angle and screen diagonal are relatively large, the electron beam 
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tends to defocus at the edges of the screen, resulting in loss of display 
sharpness. Scan velocity' modulation may be used in such an· environment 
to compensate for beam defocussing at the horizontal edges of the screen 
by increasing the modulation near the left and right edges at a horizontal 
rate. However, this could cause a problem in that such an increase in scan 
velocity modulation may be the opposite of what is needed to correct for 
the flat geometry of the screen . so that the scan velocity modulation effects 
are equal and the picture has the same sharpness, at all . locations on the 
screen. 

A given drive current in the scan velocity modulation coil produces a 
corresponding angular deflection of the beam in a horizontal direction. A 
given angular deflection produces a larger linear displacement of the beam 
position when scanning. at the edges of the screen 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 coi~s have not been highly 
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 ~dvantageous if a scan velo~ity 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 'sche~atic diagram illustrating an exemplary 
embodiment of an inventive scan velocity modulation circuit. 

FIGURE 2 is an isometric view showing the geometry of beam 
scanning over a substantially flat screen. 
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FIGURES 3a, 3b, 4a and 4b are timing diagrams showing modulating 
parabolas applied to control scan velocity modulation. 

For improving sharpness of a scanning beam display, for example of 
a television receiver, video terminal or the like, a luminance signal Y is 
coupled to a scan velocity modulation circuit of FIGURE l, for altering the 
beam scanning rate. The luminance signal Y is coupled to a differentiator 
stage 42 that develops a scan velocity modulation signal YSVM that is 
coupled to an amplifier 44 for driving a scan velocity modulation (SVM) 
device Ll, for example, an auxiliary deflection coil mounted_ on the cathode 
ray tube for adding to or subtracting from the horizontal deflection field 
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 exient 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 ~an 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 cen~er 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, 

' ' 

respectively, between center line L. and the beam lines DH or DV. The 
greatest beam length DB occurs . at the screen comers, 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 dispiacement of the beam on 
screen 50 at different points of the screen. A. given increment of driving 
current produces a proportiona~ angular deflection of the beam, regardless 
of beam. position. However, this_ angular deflection pro~uces a different 
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linear displacement of the beam on the _screen, as a function of beam 
position. The linear displacement MC for an increment of driving current 
is smallest at the center, greater for displacements MH and MV, at 
respec~ive horizontal and vertical screen edges, and is greatest for 
displacement MB, at an extreme comer of display 50. 

If the scan velocity modulation circuit responds only to the 
differential of the luminance , signal, linear beam speed would be slower at 
the center of the screen, where a given angular deflection produces a 
relatively smaller linear displacement of the beam, than at the edges, 
where the same angular deflection of the beam produces a greater linear 
displacement on the screen as shown. Thus, the sharpness of the picture 
would undesirably vary from the center of the· screen outwardly. 

According to an inventive feature of. the scan velocity modulation 
circuit of FIGURE 1, a beam position dependent scan velocity modulation is 
provided; by varying the output of the scan velocity modulation circuit as 
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 indep~ndent · of beam position. 

The ainplitude of scan velocity modulation may be controlled in 
various way~, e.g. by vary~ng a gain element ii;t the scan velocity 
modulation circuit such as amplifier 44 in FIGURE l, 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 corr~ctic;m 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 i1 in SVM coil Ll 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 t~ 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 
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of the screen. For example, a maximum 50 percent reduction in scan 
·velocity modulation for horizontal displacement from. center, and a 
maximum 20 percent reduction for vertical displacement from center, may 

be required in a 35V, 4X3 aspect ratio, flat display screen, to. render the 
sensitivity of scan velocity modulation,· i.e. S = As/Ail, substantially the 
same at 8:11 beam positions, where As represents a small linear deflection 
and Ai 1 of a small change in modulation coil current. 

The difference in maximum scan velocity reduction between vertical 
and horizontal positions is required because the display has a relatively 

greater width than height. Other specific percentages may apply, for 

example, when ·taking into account picture tubes of different longitu~inal 

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 chai?-ges. for east-west pincushion 
correction. 

East-west pincushion circuit . 24 may be of the di~de modulator type, 
where a horizontal rate sawtooth current im · flows in a modulator inductor 

Lm coupled in series with ~ modulator capacitor Cm at a junction 25. 
Current im is integrated by capacitor Cm to produce a horizontal rat~, fll, 
parabolically shaped modulator voltage 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 RS via the series path of a resistor R 1, a resistor 
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R5 and a c~pacitor C2. The vettical parabola component of voltage Vm is 
blocked by the relatively small value of capacitor C2. The values of these 
five components result in the desired amplitude of horizontal parabola 
correction and advantageously provide slight differentiation to obtain a 
parabola waveform having its peak centered within. the horizontal trace 
interval. As indicated in Figure 3a, the horizontal parabola component of 
east-west modulator voltage· Vm is maximum at screen center, the same 
requirement that is needed for SVM amplitude correction. Thus, the signal 
path to summing junction 31 for the horizontal _ parabola component is a 
non-inverting path~ 

The vertical parabola compon~nt of voltage V m, as indicated in 
Figure 3b, is minimum at screen center and thus requires inversion before 
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 RI and R5 and is applied to the base of an inverting 
transistor Q 1 via a series arrangement of a DC blocking capacitor CI and a 
resistor R2. DC biasing of the base of transistor QI is provided at the 
junction of voltage dividing resistors R4 and R3. Emitter degeneration for 
transistor QI 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 QI 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 
independ~nt control of each of . the parabola amplitudes. The. small amount 
of horizontal parabola compon~nt inverted by transistor Q 1 subtracts 
insignificantly from the required positive polarity horizontal parabola 
voltage needed ~t 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 previously 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 
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emitter of transistor Q2 is provided at the junction of voltage dividing 
resistors RIO and Rl 1. 

A resistor R 12, serves as a collector load resistor for transistor Q2 
and provides .for earlier saturation near the most negative excursions of 
'the parabola ~omponents of signal SM. The resulting reduction in drive by 
correction signal SHV at the screen edges advantageously produces a 
better fit of correction signal drive to screen geometry. 

As shown at the vertical rate time scale of Figure 4b, correction 
voltage S~ is a positive-going parabola, with the horizontal rate. 
modulation being indicated by·· the envelope A-B, which. defines the 
modulation depth of the waveform. As shown in the horizontal rate time 
scale of FIGURE 4a, the horizontal component of correction voltage SHV is 
also a positive-going parabola, with the vertical rate modula.tion being 
indicated by the envelope C-D, which defines the modulation depth of the 
waveform. In this way, SVM amplitude correction circuit 21 provides 
independently adjustable horizontal and vertical· rate parabola signals 
combined in their proper polarities. 

= 
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·WHAT IS CLAIMED IS: 
1. A scan velocity modulation circuit, compnsmg: 
a source (Y, 42) of a video signal (YSVM); 
means (Ll) for deflecting an electron beam of a picture tube; 
means ( 44) responsive to said video signal and coupled to said 

deflecting means for generating a drive signal (il) which produces scan 
velocity modulated deflection of said electron beam; characterized by 

a source· (24) of an input sign.al (Vm) having vertical and horizontal 
rate components; and 

means (Rl-R8, Cl, C2, Ql) coupled to said input signal source and to 
said ~ve signal generating means for producing a correction signal (Sm) 
h~ving 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 ~ignal. 

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 gener~lly 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 (Rl, RS, R7, R8, C2) for 
centering said horizontal rate parabolic waveform within a horizontal trace . . 
interval. 

5. A circuit according to Cfaim l, 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 mod~lation circuit, comprising: 
a source (Y, 42) of a video ·signal (YSVM); 
means (Ll) for deflecting an electron beam of a picture tube; 

. means (44) responsive to said video signal and coupled to said 
deflecting means for generating a drive signal (i 1) which produces an 
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amount of scan velocity modulated deflection of said electron beam; 
characterized by 

a source (24) of a deflection rate input signal (Vm); and 
means (Rl-R8, Cl, C2, Ql) responsive to said deflection rate input 

signal f~r modifying said drive signal to re~uce the amount of modulated 
deflection of said electron beam near a screen edge of said picture tube 
relative to a screen center. 

7. A circuit according to Claim 6, characterized in that said 
modifying means produces a correction signal (~m) having horizontal and 
vertical rate components, said correction signal being applied to sai4 ·drive 
signal generating means for modifying said drive signal to reduce the 
amount of modulated defle~tion near top, bottom, left ~nd right screen 
edges relative to said screen_ center. 

8. A circuit according to Claim 7, characterized 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, characterized in that said 
deflection rate inp~t signal source (24) comprises an east-west pincushion 
correction circuit. 

11 . A circuit according to Claim 9, characterized in that said 
deflection rat~ 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 · ~laim 11, characterized in that said 
deflection rate input signal source (24) comprises ·a diode modulator. 

13. A circuit according to Claim 9, ch_aracterized in that _said 
modifying means includes means (RS, C2 and Cl, R2, QI) 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 
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generating means for modifying. said drive signal in ·accordance with said 
correction signal. 

14. A circuit according to Claim 13, characterized in that said 
separating means includes means (Ql) fo! inverting the polarity of one of 
the two para~ola components relative to the other one prior to being 
recombined. 

15. A circuit according to Claim 13, characterized in that said 
separating means comprises means (R 1, RS, C2, R 7, RS) for waveshaping 
one of the parabola components to center its peak within a deflection trace· 
interval. 

16. A circuit according to Claim 6, characterized in that said drive 
signal .generating means comprises . an amplifier ( 44 ), said modifying 
means controlling the gain of said amplifier. 

1 7. A circuit according to Claim 6,. characteri~d in that said drive 
signal generating means comprises an amplifier ( 44 ), said modifying 
ln:eans 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 circµit, comprising: 
a source {Y, 42) of a video signal (YSVM); 
means (Ll) for defle.cting ·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 (i 1) which produces an 
amount of scan velocity modulated deflection of said electron beam; 
characterized by · · 

. . 

a source. (24) of a deflection rate input signal containing both vertical 
. and horizontal posiiion information; and 

means (R.1-R8, Cl, C2, QI) responsive to said deflection rate input 
signal for modifying said drive signal to vary · ~e amount of modulated 
deflection of said etectron beam as a function of both vertical and 
horizontal positions at said screen. 

' .. 


