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SHRINK MODE The invention relates to a video display deflection apparatus.
Side by side pictures are an appealing feature for a 5 television
apparatus, especially one having a wide screen display. One can watch two
programs simultaneously, with equal size pictures. This can be
significantly more pleasing than a picture-in picture format, wherein a
second picture overlays a main picture, and is quite small in display area
by comparison to the main 10 picture. However, side by side picture display
formats can present a problem, even on a wide screen display, because
significant amounts of subject matter might have to be cropped in order to
avoid image aspect ratio distortion. In a video display, embodying an
aspect of the 15 invention, a vertical deflection angle of the video
display device is reduced when operating in the side-by-side display mode
for reducing image aspect ratio distortion. This is accomplished by
reducing the amplitude of a vertical deflection current in a vertical
deflection, referred to herein as a vertical shrink mode. 2 0 It may be
desirable to provide for S-correction in the vertical deflection current
both in normal operation, when most of the entire height of the CRT display
screen is utilized for picture display purposes, and in the vertical shrink
mode) when the deflection angle is reduced for providing the aforementioned
side2 5 by-side display mode. U.S. patent No. 5,229,692, entitled A
VERTICAL DEFLECTION ARRANGEMENT WITH S-CORRECTION) in the name of Wilber
discloses a differential amplifier formed by a pair of transistors having a
nonlinear gain. The differential amplifier 3 0 couples a vertical rate
sawtooth signal to a vertical deflection winding and introduces
nonlinearity in the deflection current in a manner to provide for
S-correction. In) for example, service operation, picture height adjustment
is obtained by varying the amplitude of the sawtooth signal. Adjustment of
the picture 3 5 height also causes the gain nonlinearity of the amplifier
to be different at a given instantaneous value of the sawtooth signal for
different picture height adjustment settings. The variation of the gain
nonlinearity of the amplifier reduces changes in the     17 A P R 2002 



2 nonlinearity of the deflection current that) otherwise, might be
introduced as a result of the picture height adjustment. It may be
desirable to reduce the amplitude of the deflection current for operating
in the side-by-side display mode S and to utilize the nonlinearity of a
transistor pair that form a differential amplifier to provide for
S-correction. It may also be desirable to maintain the gain nonlinearity of
the differential amplifier unaffected, at a given instantaneous value of
the sawtooth signal) at each of the normal operation modes, when 10 most of
the entire CRT height is utilized for display purposes, and in the
side-by-side display mode. A video deflection apparatus, embodying an
aspect of the invention, includes a cathode ray tube and a vertical !
deflection winding mounted on a neck of the cathode ray tube. A 15 sawtooth
signal generator is responsive to a first vertical size control signal for
generating a first sawtooth signal) at a first amplitude to provide for a
vertical non-shrink mode of operation and at a second amplitude to provide
for a vertical shrink mode of operation. A deflection amplifier is
responsive to the sawtooth 2 0 signal for generating a vertical deflection
current in the deflection winding that causes a vertical position of an
electron beam on a display screen of the cathode ray tube to vary in
accordance with the sawtooth signal. A nonlinear element is coupled to the
sawtooth signal generator for varying the sawtooth signal in a 2 5
nonlinear manner to provide for vertical S-correction. A nonlinearity
introduced in the sawtooth signal by the nonlinear ! element is the same in
a given vertical position in both the vertical shrink and non-shrink modes:
FIGURES la, lb and lc illustrate an inventive 3 0 embodiment of a vertical
deflection circuit; FIGURES 2a-2e illustrate idealized waveforms useful for
explaining the timing functions of the arrangement of FIGURES la-lc;
FIGURES 3a-3f illustrate waveforms useful for 3 5 explaining the operation
of the arrangement of FIGURES 1 a-1 c when top panning is provided.   9 7 A
P R 2002 3 FIGURE 4 illustrates in a graphical form the way a gain of a
differential amplifier of FIGURE lb that provides S-correction varies as a
function of input voltage; FIGURE 5 illustrates in a graphical form the way
5 linearity error changes as a function of vertical position in the
arrangement of FIGURE lb; 



FIGURE 6 illustrates in a graphical form the way the linearity error
changes if S-correction were not provided; FIGURE 7 illustrates a screen of
a cathode ray tube 10 operating in a vertical shrink mode for displaying
two 4 x 3 aspect ratio pictures in a 16 x 9 aspect ratio display such that
portions of the two pictures are cropped; and FIGURE 8 illustrates a block
diagram of a television receiver arrangement that includes the arrangement
of FIGURES 1 5 la-lc for obtaining the images shown in FIGURE 7. A sawtooth
generator 100, shown in detail in FIGURE 1 b) of a vertical deflection
circuit 286 is controlled as to image or picture height and centering via a
microprocessor controller and retrace triggering arrangement, as shown in
FIGURE la, producing 2 0 a vertical deflection current iy that is coupled
to a vertical deflection coil or winding Ly via an output stage, as shown
in FIGURE lc. Corresponding symbols and numerals are used throughout the
figures for corresponding signals) items or functions. 2 5 A vertical
synchronizing signal SYNC of FIGURE 1 a 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 between 3 0
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 1 a) that generates a vertical cycle synchronizing pulse
signal A for triggering vertical reset. 3 5 FIGURES 2a-2e illustrate
waveforms useful for explaining the operation of the circuit of FIGURES
la-lc. Similar symbols and numerals in FIGURES la-lc and 2a-2e indicate
similar items or functions.   17 A P R 2002 4 Under user control, for
example via a remote controller) not shown in FIGURE 1 a, microprocessor
10a of FIGURE 1 a generates pulse signal A, as shown in FIGURE 2a) that is
delayed by a controllable amount TD relative to pulse signal SYNC 5 as seen
in FIGURE 2e. By delaying the occurrence of 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 fraction
less than a full interval, for 10 bottom panning) or anywhere in between.
The amount by which pulse signal A of FIGURE 2a is delayed varies in
accordance with the degree of panning that is required by the user. Signal
A of hIGURE l a is coupled by a resistor R73 to a trigger input of a pulse
stretcher flip-flop U07) for generating a 15 vertical reset signal VRESET.
A logical OR function with an input signal D is provided by a transistor
Q04, for controlling the timing of vertical reset signal VRESET in a zoom
mode of operation. The base of transistor Q04 is coupled to input signal D,
generated according to FIGURE 1 c, from an error current indicative signal
2 0 IERROR. Signal IERROR represents the difference between a reference
current level and an average vertical deflection current generated from a
power supply energizing the vertical output stage. As explained more fully
later on) error current signal 2 5 IERROR provides a ramping input voltage,
represented by signal D, at the leading edge of a vertical blanking pulse B
(see FIGURES 2b) 2d and 3e). When the ramping input voltage of signal D
reaches the threshold of the triggering input of one-shot U07, signal
VRESET is generated at a signal line C. A leading edge LEVRESET 



3 0 of pulse signal VRESET, shown in FIGURE 2c, 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 the reference level. The circuit minimizes the DC current
loading of a half supply 3 5 arrangement by equalizing the time during
which the vertical deflection current is at its extremes following the
vertical trace. The circuit responds adaptively to variations in the amount
of time between the end of the vertical trace ramp and the next   17 AP R
2002 5 occurrence of SYNC in the input video signal, that result from
variations in the amount of zoom and the corresponding variations in the
slope of the vertical trace ramp. Immediately after a trailing edge
TEVRESET of signal 5 VRESET) a transistor UOIA of FIGURE lb becomes
nonconductive. A DC current IURAMP through a collector of a transistor U06A
of a voltage-to-current (V/I) converter 21, then charges a capacitor C03 to
produce a voltage ramp that defines the trace portion TRACE of a vertical
deflection sawtooth signal VSAW, shown in 1 0 FIGURE 1 b. The slope of ramp
portion TRACE of deflection signal VSAW is determined by the magnitude of
controllable collector current IURAMP of transistor U06A. V/I converter 2I
is controlled ,by an analog voltage ZOOM which services as an image scale
factor control signal. 15 Voltage ZOOM is generated by a digital-to-analog
(D/A) converter 10a1 coupled to microprocessor 10a as shown in FIGURE la.
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 vertical deflection winding 2 0 Ly as shown in FIGURE
lc. Voltage ZOOM of FIGURE lb is coupled via a resistor R49 of 1~IGURE 1 b
to the emitter of a current control transistor Q07. An adjustable voltage
V-SIZE, that ray be adjusted manually using a potentiometer (not shown), or
under control of 2 5 microprocessor 10a 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 CR02 that develops a temperature 3 0 compensating base
voltage equal to the forward biased voltage of diode CR02. The voltages
that are coupled via resistors R21, R22 j and R49 produce a collector
current in transistor Q07 that controls the voltage at the base of current
source transistor U06A. The base voltage of transistor U06A) determined by
the collector 3 5 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 R 14 that is
coupled to a -9V supply. i   



~~. APR 2002 6 A resistor R16 is coupled between the emitter of transistor
U06A and the -9V supply voltage. A transistor U06B has a base voltage that
is equal to the base voltage of transistor U06A. A potentiometer resistor
R43 is coupled between the 5 emitter of transistor U06B and the -9V voltage
supply. A resistor R18 is coupled between the emitter of transistor U06A
and an adjustable moveable contact TAP of resistor R43. When contact TAP is
moved close to the junction of the emitter of transistor U06B and resistor
R43, resistor R18 has no 10 effect on the emitter current in transistor
U06A because the emitter voltage of transistor U06B is equal to that of
transistor U06A. 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 15 current gain of V/I
converter 21 to enable compensation for tolerances of capacitor C03)
producing the sawtooth voltage of signal VSAW as current is drawn by
transistor U06A. Voltage signal VSAW from capacitor C03 is coupled to the
base of a transistor U01 B. Transistor U01 B is coupled with a 2 0
transistor UO1C to form a differential pair. The base of transistor UO1C is
coupled to one terminal of a resistor R09, having an opposite terminal at
ground potential. A transistor U02A draws a current I0, setting the voltage
at the base of transistor U01 C through resistor R09. The base voltage of
transistor UO1C tracks 2 5 variation of height adjustment voltage V-SIZE so
as to maintain vertical centering. To develop current IO through transistor
U02A in FIGURE lb) a second V/I converter 21A) similar to V/I convertor 21)
is utilized. A transistor Q09 produces a collector current that 3 0 tracks
the collector current in transistor Q07) 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 R56)
respectively. The bases of transistors Q09 and Q07 are coupled at the
cathode of diode CR02 and are at equal voltage. 3 5 Transistor U02B and
resistor R06 form a temperature compensated main load with respect to the
collector current of transistor Q09. A similar load with respect to the
collector current of transistor Q07 is formed by the network of transistor
U06C and   ' 7 APR ~Iu~~ 7 5 10 15 



20 25 30 35 resistor R 14. Transistor U02A of V/I converter 21 A produces
current I0. Advantageously, current IO tracks variations in current IURAMP
of transistor U06A 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 U06A and U02A. A transistor U02C produces the emitter currents
of transistors U01 C and UOI B. An emitter resistor R 17 establishes the
value of a base voltage-to-collector current ratio in transistor U02A. A
resistor 849A couples a voltage CENTER, generated in a D/A converter 10a2
of FIGURE 1 a, to the emitter of transistor Q09 of FIGURE 1 b. Voltage
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. The base voltage of transistor UO1C of
FIGURE lb is controlled by current I0. The values of resistor R09 and
current IO 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
vertical center, when the regular (non-zoom) mode is selected.
Advantageously) as a result of tracking between V/I converters 21 and 21 A,
any change in size adjustment voltage VSIZE and in the 12V supply voltage
does not affect a ratio between currents IO and IURAMP. The resulting
variations in currents IO and IURAMP maintain the base voltage of
transistor UIOC at the level of sawtooth voltage signal VSAW that
corresponds to vertical center for each level of voltage V-SIZE and of the
12V supply voltage. Therefore, vertical centering is, advantageously,
unaffected by adjustment of voltage V-SIZE that is used for adjusting
picture height. The emitters of transistors UO1B and U01 C are coupled via
emitter resistors R07 and R08, respectively, to the collector of transistor
U02C that controls the sum of the emitter currents. The base voltage of
transistor U02C is the same as that of transistor U02A. The emitter voltage
of transistor U02C produces an emitter current in transistor U02C that is
determined by a resistor R05.   i ~ APR 2002 8 FIGURES 3a-3f illustrate
waveforms useful for explaining the operation of the arrangement of FIGURES
la-lc. Similar symbols and numerals in FIGURES la-lc, 2a-2c and 3a-3f
indicate similar items or functions. During vertical trace in the 5 zoom
mode) such as during interval t0-tl in FIGURE 3b) transistors U01 B and U01
C of FIGURE 1 b form a differential amplifier. The collector currents of
transistors UO1B and UO1C develop, in corresponding collector resistors,
sawtooth voltages that are coupled via emitter follower transistors 71 and
70 to develop 10 sawtooth signals VRAMP2 and VRAMP1) respectively. Signals
VRAMP1 and VRAMP2 of FIGURES 3b and 3c, respectively, are complementary
signals that change in opposite directions during the vertical trace
interval t0-tl. The waveforms of FIGURES 3b and 3c that are drawn in solid
line occur in the 15 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 tl when the zoom
mode is selected) and between time t0 and time t2 2 0 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 controlled by signals VRAMP1 and
VRAMP2. In circuit 11, deflection winding Ly provides vertical deflection
in a cathode ray 2 5 tube (CRT) 22) for example of the type W86EDV093X710)
having an aspect ratio of 16 x 9. Winding Ly is coupled in series with a
deflection current sampling resistor R80. Winding Ly and resistor R80 of
FIGURE lc form a series arrangement that is coupled between an 



3 0 output terminal 11b of an amplifier 11a and a junction terminal 11 c of
a power supply decoupling capacitor Cb. A current limiting resistor R70
couples a supply voltage V+) for example +26 volts) to terminal 11c via an
emitter follower transistor Q46. Transistor Q46 produces a DC voltage +V/2
at terminal 11c that is equal to 3 5 about one half of voltage V+) in
particular about +12.4 volts. Half supply voltage +V/2 is. determined by
coupling the base of transistor Q46 to the junction of voltage dividing
resistors R91 and R92. A junction terminal Ild) coupled between winding Ly
and   1 7 AP R 2002 9 resistor R80) is coupled via a feedback resistor R60
to an inverting input terminal of amplifier 11a. Terminal llc of resistor
R80 is coupled via a resistor R30 to a noninverting input terminal of
amplifier lla. A negative feedback voltage is developed across 5 resistor
R80) representing the current in deflection coil Ly, and is applied to the
input terminals of amplifier 11 a. Amplifier 11 a develops an output
voltage as needed to cause deflection coil current iy to track the voltage
drive signal applied to the amplifier) as derived from sawtooth voltage
signal VSAW by way 10 of complementary voltage signals VRAMP1 and VRAMP2.
Complementary sawtooth signals VRAMP1 and VRAMP2 are coupled via resistors
R40 and R50, to the noninverting and inverting input terminals)
respectively) of amplifier 1 1 a for controlling deflection current iy.
Differences 15 between signals VRAMP1 and VRAMP2 due to component mismatch
or offset voltage tolerances, for example, are compensated by a
potentiometer 88 that is coupled between the collectors of transistors UO1B
and UO1C) The vertical trace portion of deflection current iy begins at
time t0, shown in FIGURES 3e 2 0 and 3f) when signals VRAMP1 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
vertical synchronization pulse signal SYNC, shown in FIGURE 2e. Signal SYNC
is associated 2 5 with the picture information that follows signal SYNC in
signal SNTSC, and occurs immediately prior to an image interval IMAGE of
signal SNTSC. Image interval IMAGE of FIGURE 2e contains the picture
information that is to be presently displayed on CRT 22 of FIGURE lc. The
vertical trace portion of deflection current iy 3 0 begins after the same
delay time relative to the vertical sync pulse (which can be changeable
when varying the extent of vertical panning), in each successive field or
image interval. As a result, deflection current iy of FIGURE lc is properly
synchronized in each period. Therefore) advantageously) field-to-field 3 5
variations of sync signal SYNC will not cause vertical position fitter of
the displayed picture. FIGURE 3a illustrates in solid line deflection
current iy waveform when a first exemptary amount of zoom is selected) and
1 7 AP R 2002 10 



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 current occupies most or 15.7 mS of the 16.7mS interval
between successive occurrences 5 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 schematically an example of the timing diagram of signal
SNTSC of FIGURE la, for the first exemplary amount of zoom. An interval 10
30l of interval IMAGE in FIGURE 3f would contain the picture information
for the top half of the picture displayed in a nonzoom mode of operation.
An interval 300 contains the picture i information of the bottom half of
such picture. Signal SYNC, occurring at the time shown in FIGURE 3f) 15
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 obtained when a bottom portion of the
displayed picture is cropped by a greater amount than a top portion. Thus)
the example of FIGURES 3a-3f 2 0 depicts maximum top panning. This is so
because a video line TOP that is the first video line of interval 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. ; 2 5 In non-zoom operation) the beginning
time t0 of a i trace portion of current iy of FIGURE 3a) shown in dashed
line) may be delayed slightly less in order to keep the same video picture
element at the top of the screen. The difference in delay compensates for
the difference that occurs in the beginning of 3 0 vertical trace, between
the rate of change of current iy of FIGURE 3a in the zoom mode of operation
and that in the regular) nonzoom mode of operation. Current limiting
resistor R70 is coupled to voltage V+ for generating) via transistor Q46,
half supply voltage +V/2 at 3 5 terminal 1 lc, as explained before. The
average or DC current through current limiting resistor R70 is reduced so
that a large resistance can be used. The large value of resistor R70
prevents excessive deflection current iy if a fault condition occurs.   (1
7 ASR 2~2 11 Referring to FIGURE 3a) in the zoom mode, reducing the average
DC current in resistor R70 is accomplished by adjusting the timing of
leading edge of VRESET so that retrace commences at or near the midpoint of
the interval between time tl) when trace is 5 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 tl or t2. By
balancing the time at which the deflection current is at its opposite
extremes, the 10 average value of the deflection current is minimized. A
network 200 of FIGURE 1 a produces error current indicative signal IERROR
that is indicative of a difference between the average value of a half
supply current IS in transistor Q46 and a reference level of 13 mA. Current
signal IERROR is coupled to a 15 timing capacitor C17. Timing capacitor C17
is disabled by a timer switch Q02 and an inverter Q01, except when signal B
is HIGH. Signal B is the vertical blanking signal generated by
microprocessor 10a, and is HIGH during vertical trace. It is used by
blanking circuitry, not shown, to blank the screen of CRT 22. 



2 0 In the zoom mode) the leading edge of blanking signal B occurs earlier
than the vertical timing signal A, generated by the microprocessor to
initiate a new vertical trace in the non-zoom mode. Current signal IERROR
produces in capacitor C17 2 5 voltage signal D as shown in FIGURE 2d (see
also FIGURE 3e), that ramps upwardly at a rate proportional to current
signal IERROR. Timing signal D is coupled via transistor Q04 to a threshold
input of one-shot integrated circuit (IC) U07. When the buffered ramp
exceeds the threshold level) the set input of the flip-flop FF in IC 3 0
U07 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 Q10, which clamps signal VRESET high, initiating a
fast vertical retrace by clamping voltage signal VSAW via transistor UOIA
in FIGURE lb. Simultaneously) 3 5 the output of the flip-flop in IC U07
turns on a transistor Q11 to discharge timing capacitor C17. Current signal
IERROR maintains the DC component of the deflection current small in a
negative feedback manner.   1 7 AP R 2002 12 Timer IC U07 remains clamping
signal VRESET to the ' HIGH state, until vertical blanking signal B from
microprocessor 10a drops below the trigger input voltage of IC U07. The
trigger input of IC U07 is also arranged to be coupled to a comparator 5
U7b which triggers at about 1.7 volts. When this occurs, signalling the
beginning of a new vertical trace) output pin 3 of IC U07 again goes HIGH,
releasing the clamping of signal VRESET and allowing signal VSAW to begin a
new trace ramp. Simultaneously) IC U07 releases discharge pin 7) enabling
timer capacitor C17 for timing 10 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 U07
and the emitter of buffer transistor Q04. In the non-zoom mode of
operation, timing ramp signal D may not 1 S reach the threshold level at
the input of IC U07 before the leading edge of vertical timing signal A. In
that mode) the leading edge of timing signal A sets the flip-flop in IC U07
and initiates clamping by signal VRESET of signal VSAW synchronously with
the leading ' edge of timing signal A. 2 0 Signal VSAW as shown in FIGURE
3d continues to ramp downwardly during the beginning of the blanking
interval; however, signals VRAMP1 and VRAMP2 level out at the saturation
voltages of the differential amplifier arrangement of FIGURE 1 b, e.g.) at
about 2.3 and 4.3 volts) respectively. At the 2 5 leading edge of signal
VRESET, signal VSAW is clamped high by transistor UOIA, causing signals
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
voltage VB at supply terminal 6 of amplifier 11a is applied to deflection 3
0 winding Ly via output terminal 11 b. A retrace voltage V 11 b is produced
immediately after time to in FIGURE 3a, to enable deflection current iy to
complete retrace by time tb. Switch 11 f 1 in FIGURE 1 c of a boost stage
11 f causes a capacitor 11 g to be coupled in series with a boost capacitor
11e. Capacitor 11e is 3 5 charged via a diode X and a switch 11 f2 from the
+26V supply voltage V+, during vertical trace. A supply voltage) developed
across filter capacitor 1 I g, is summed up with a voltage developed across
boost capacitor 11e so as to form boost voltage VB. Voltage 



i ~ z a P R zooz 13 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 deflection winding Ly 5 of FIGURE 1 c due
to current iy is used in the boost circuit, shown schematically as switch
11f1, to generate the vertical retrace voltage Vllb at terminal 11b of
FIGURE lc that is larger than voltage V+) causing a fast retrace. Near time
tb) deflection current iy has increased in I 0 value to a point which
permits linear operation of amplifier 11 a. Feedback from resistor R80
enables the deflection current to follow the flat top portions of signals
VRAMP1 and VRAMP2 between times tb and t2. At the end of signal VRESET,
namely at the trailing edge of blanking signal B at time t2) deflection 15
amplifier lla of FIGURE lc, operating in its linear feedback mode) again
produces the sawtooth trace portion of deflection current iy. Side by side
display of images intended for display in a 4 X 3 aspect ratio format can
be obtained in a 16 X 9 display screen 224 as shown in FIGURE 7) by
horizontal time compression 2 0 and/or cropping and reducing the vertical
picture height. This forms two shorter side by side pictures 232 and 234,
bordered top and bottom by horizontal dark bars 236. It can be easily seen
that not much subject matter is cropped from the pictures. In FIGURE 7, the
vertical display height is reduced to approximately 2 5 7/9 (approximately
78%) of the nominal vertical display height. The format display ratio of
each picture 232 and 234 is 8:7. FIGURE 8 illustrates a block diagram
showing elements required to effect a side by side mufti-picture display,
and includes the same reference numbers and symbols as in FIGURES 30 la-lc)
2a-2e, 3a-3f and 7 for corresponding elements. A television apparatus or
receiver 250 of FIGURE 8 has CRT 22 of FIGURE lc forming display screen 224
of FIGURE 7. Television apparatus 250 is . controlled by microprocessor
10a) which communicates with a tuner control 254, a video processor 256 and
3 5 an audio processor 258 through a control and data bus 260.
Microprocessor 10a is subject to viewer commands) for example generated by
a remote control unit 262, the output of which is sensed by a remote
control receiver 264.   1 7 AP R 2002 14 A dual tuner circuit 266,
responsive to signals captured by antenna 268, or other signal sources, not
shown, is responsive to tuner control 254. A VIF/SIF stage 270 and a
video/audio demodulator stage for each of the tuners are also 5 provided.
First and second video signals in analog form are inputs to an analog to
digital converter 274. First and second digitized video signals are inputs
to the video processor 256. The video processor utilizes digital signal
processing techniques to generate a video output signal which has subject
matter from each of the 



10 sources in side by side format. The video processor also decodes and
regenerates a horizontal synchronizing signal and vertical synchronizing
signal SYNC that is coupled to microprocessor 10a of generator 10. Vertical
deflection circuit 286 is synchronized with the first video signal. In this
regard, the designations of the video 15 signals as first and second is
arbitrary. In accordance with published techniques, the second video signal
can be stored on a field by field or frame by frame basis in order to be
synchronized with the first video signal, usually in a video memory.
Horizontal compression and expansion can be 2 0 accomplished by utilizing
line memories, wherein data is written in and read out at different rates.
The interpolator smooths data which has been compressed in the line memory
and presmooths data which is to be expanded in the line memory. Vertical
deflection circuit 286 enables adjustment of the vertical size of 2 5 the
raster) in accordance with desired amounts of vertical overscan and
underscan) relative to the nominal vertical display height, as necessary
for implementing different display formats. The video processor generates a
digital output signal 276, which includes side by side pictures. The
relative amounts of 3 0 horizontal compression and/or cropping will depend
upon the display format and the vertical display height, responsive to the
microprocessor) which is in turn responsive to user commands. The digital
output signal 276 is converted to an analog output signal 280 by a digital
to analog converter 278. Analog output 3 5 signal 280 in an input to kine
drive circuit 284) which drives cathode ray tube 22. Horizontal and
vertical deflection yokes on the cathode ray tube are coupled to horizontal
and vertical deflection circuits) respectively. The cathode ray tube 22 has
a   1 7 AP R 2002 15 display screen l6) as in FIGURE 7) with a wide format
display ratio of 16:9. Generator 10 generates vertical blanking/reset
signals such as signal VRESET used to drive deflection circuit 286) as 5
explained before. Generator 10 also generates a control signal VSHRINK that
causes a reduced vertical deflection angle when television receiver 250
operates in the multi-picture mode, thereby reducing the vertical size of
the video image to less than the available vertical size of display screen
224. This 10 transformation of vertical deflection circuit 286 to obtain
the reduced vertical deflection angle is accomplished, by changing the
slope of sawtooth signal VSAW of FIGURE lb) as explained later on. The full
vertical deflection angle is selected when 15 viewing a single picture and
the reduced deflection angle is selected when viewing two pictures, side by
side. Vertical S-correction in CRT 22 of FIGURE 8 or lc is obtained as a
result of operation in a nonlinear region in transistors U01 C and U01 B of
FIGURE 1 b. Transistor 2 0 characteristics cause the nonlinear signal gain
of the differential amplifier formed by transistors UO1C and UO1B to be
smaller) at the beginning and end of vertical trace, when the current in a
corresponding one of the transistors is smaller, than at the center of
trace. Thus) signals VRAMP1 and VRAMP2 are generated from 2 5 voltage
signal VSAW in accordance with a scale factor or gain that varies during
the period of signal VSAW. 



When voltage VSAW is at a peak value) the current in transistor U01 C is
smaller than at the center of vertical trace. Therefore, an equivalent
emitter resistance of transistor U01 C is 3 0 larger. Consequently) the
voltage gain or scale factor of the differential amplifier formed by
transistors UO1C and UO1B is smaller than at the vertical center.
Similarly) when voltage signal VSAW is at a minimum, the current in
transistor UO1B is smaller than at the vertical center. Therefore) an
equivalent emitter 3 5 resistance of transistor U01 B is larger and the
gain of the differential amplifier is also smaller than at the vertical
center. FIGURE 4 illustrates a graphical representation of the way the
large signal gain of the differential amplifier formed by   1 7 AP R 2002
16 transistors U01 B and U01 C varies as a function of voltage signal VSAW
of FIGURE lb. The large signal gain is normalized to a maximum value)
obtained at the center of vertical trace. Thus) at the center of vertical
trace) the normalized gain is equal to 1. 5 In the vertical non-shrink
mode) when voltage signal VSAW is at a peak magnitude, at the top end or
bottom end of vertical trace) the normalized gain is reduced and becomes
equal to approximately 0.9. S-correction is obtained in the same manner for
any degree of zoom that is selected. 10 FIGURE 5 illustrates a graphical
representation of the linearity error when the arrangement of FIGURE 1 b is
utilized. For comparison purposes, FIGURE 6 illustrates a graphical
representation of the linearity error when transistors UO1C and UO1B of
FIGURE lb are biased, in a manner not shown, to operate 15 with a constant
gain throughout vertical trace. Thus) FIGURE 6 illustrates the situation
when no S-correction is provided. The linearity error in FIGURES 5 and 6 is
shown as a I function of the vertical position on the faceplate of CRT 22
of FIGURE lc. The linearity error measurement was obtained using a 2 0
crosshatch pattern with 13 horizontal lines. The linearity error of a given
pair of adjacent lines is obtained by measuring a vertical distance between
all adjacent pairs of lines and finding the average or mean value of the
vertical distances between adjacent line pairs. Linearity error is the
difference between a given line 2 5 pair spacing and the mean spacing
divided by the mean spacing. The resulting fraction is expressed in a
percentage form in FIGURES S and 6. Thus, in the vertical non-shrink mode)
the linearity error without S-correction shown in FIGURE 6 varies in a
range of +6% to -3% for a total of error range of 9%. Whereas, 3 0
advantageously) with the S-correction of FIGURE 1 b) the linearity error
shown in FIGURE 5 varies in a range of +2.5% to -2.5%, for a total error
range of 5% that is approximately one-half the error without S-correction.
Signal V-SIZE is adjusted for obtaining a picture or 3 5 vertical scan that
extends the entire height or vertical size of the CRT. In service operation
required to adapt a given deflection yoke to a given CRT, picture height
adjustment may be obtained , by varying signal V-SIZE of FIGURE lb for
controlling the  



1 7 AP R 2002 17 amplitude of signal VSAW. For example) a decrease in
signal VSIZE produces a decrease in a peak amplitude of signal VSAW. The
decrease in signal V-SIZE also causes a decrease in the collector currents
of each of transistors U02C, UO1B and UO1C, 5 because of tracking provided
by the current mirror arrangement. Such tracking causes the normalized gain
of the differential amplifier formed by transistors UO1B and UO1C to
decrease when the electron beam is at the extreme top/bottom ends of the
display screen. 10 On the other hand) the decrease in the peak amplitude of
signal VSAW tends to increase the normalized gain. Thus, the aforementioned
decrease in the normalized gain of the differential amplifier formed by
transistors V01 C and V01 B compensates for the tendency to increase the
normalized gain caused by the 15 decrease in the peak value of signal VSAW.
Thus, nonlinearity or S-shaping introduced in signals VRAMP1 and VRAMP2 by
the differential amplifier formed by transistors VO1B and VOIC is less
dependent on the adjustment of signal V-SIZE. Advantageously, it follows
that S-correction is less dependent on adjustment of signal 2 0 V-SIZE.
Thus, for a given type of CRT that requires a predetermined S-shaped
deflection current, S-correction is less dependent on adjustment of signal
V-SIZE required for adapting the particular yoke to the particular CRT.
Advantageously) S-shaping is obtained downstream in the signal path after 2
5 controlling picture height in signal VSAW in accordance with signal
S-SIZE. Such arrangement simplifies the deflection circuit. When the user
selects a vertical-shrink mode of operation) signal ZOOM is set via
microprocessor 10a to a level that corresponds to the regular, non-zoom
mode of operation. 3 0 Whereas) signal VSHRINK is produced at a level of
about 10 volts via an A/D converter 10a3 that is controlled by
microprocessor IOa. Signal VSHRINK is coupled to a DC voltage divider
formed by a resistor RC and a resistor RD. An output voltage of 3 5 the
voltage divider at a terminal 121 is coupled to an emitter of a transistor
QA via an emitter resistor RA and coupled to an emitter of a transistor QB
via an emitter resistor RB. When signal VSHRINK is at 10 volts) resulting
in operation in the vertical   ~ 7 A P R 2D02 18 shrink mode, signal
VSHRINK produces an emitter current in transistor QA and an equal emitter
current in transistor QB. The collectors of transistors QA and QB are
coupled to the emitters of transistors U06A and U02A) respectively. The
10-volt signal 5 VSHRINK reduces an emitter current in transistor U06A and
an emitter current in transistor U02A by the same amount. Signal VSHRINK
causes each of currents IURAMP and IO to decrease by the same amount
relative to the corresponding values in the vertical non-shrink mode of
operation. 10 In the vertical shrink mode of operation, the required
amplitude of deflection current iy of FIGURE lc and 3a is smaller so as to
provide vertical scan that extends to only a portion of the entire vertical
height of FIGURE 8 of the display screen, for example, 20% underscan. In
comparison) in each of the zoom and 



I S regular modes of operation) the amplitude of deflection current iy of
FIGURE lc provides overscan of) for example) 6%. Advantageously, vertical
centering is not affected because of the equal currents in transistors QA
and QB of FIGURE 1 b. When vertical-shrink mode of operation is not
activated, signal VSHRINK 2 0 is at zero volts. Therefore) transistors QA
and QB are nonconductive and do not affect the operation. In accordance
with an inventive feature) in the vertical-shrink mode of operation) the
collector current in transistor U02C is not affected by the currents
produced in 2 5 transistors QA and QB. Therefore) in the vertical shrink
mode, when signal VSAW of FIGURE 4 corresponds to a given vertical position
of the electron beam on the CRT faceplate, the normalized gain decrease or
nonlinearity introduced by the differential amplifier formed by transistors
U01 C and U01 B of FIGURE 1 b is 3 0 the same as in the vertical non-shrink
mode at the same vertical position. Thus) the normalized gain or scale
factor associated with the differential amplifier formed by transistors
UO1C and UO1B remains the same for a given instantaneous level of signal
VSAW in both the vertical shrink and non-shrink modes. 3 5 Advantageously,
in a given vertical position, the same S-correction or linearity correction
is maintained in both the vertical-shrink mode) when side-by-side picture
display is employed) and in the vertical, non-shrink mode. Because signal
VSHRINK is not coupled   1 7 A P R 2U02 via the same signal path as
amplitude of signal VSAW the normalized gain of th amount than when the
give 5 VSHIUNK. 19 signal V-SIZE, a given change in the that is caused by
signal V-SIZE varies a differential amplifier by a smaller n amplitude
change is caused by signal   '/ 7 AP R 2LkJ1 i 20 WHAT IS CLAIMED IS: 1. A
video deflection apparatus, comprising: a cathode ray tube; a vertical
deflection winding (Ly) mounted on a neck of said cathode ray tube; a
sawtooth signal generator (100, Fig. lb) responsive to a first vertical
size control signal (VSHRINK) for generating, selectively) in accordance
with said first vertical size control 



signal, a first sawtooth signal (VRAMP1) at a first amplitude to , provide
for a vertical non-shrink mode of operation and at a second amplitude to
provide for a vertical shrink mode of operation; a deflection amplifier (
11 a, Fig. 1 b) responsive to said sawtooth signal for generating a
vertical deflection current (iy) in said deflection winding that causes a
vertical position of an electron beam to vary on a display screen (22, IC)
of said cathode ray tube in accordance with said sawtooth signal;
characterized by a nonlinear element (U01 B) U01 C) coupled to said
sawtooth signal generator for varying said sawtooth signal in a nonlinear
manner to provide for vertical S-correction, such that a nonlinearity
introduced in said sawtooth signal by said nonlinear element is the same in
a given vertical position in both the vertical shrink and non-shrink modes.
2. An apparatus according to Claim 1 characterized in that said nonlinear
element comprises a pair of transistors (UOIB, UO1C) forming differential
amplifier that operates in a nonlinear region. 3. An apparatus according to
Claim 1 further characterized by said sawtooth signal generator comprises
means (C03) for generating a second sawtooth signal (VSAW), wherein said
nonlinear element (U01 B) U01 C) comprises an amplifier ' responsive to
said second sawtooth signal for generating said first sawtooth signal
(VRAMP) such that said nonlinearity is introduced in said first sawtooth
signal with respect to said second sawtooth signal.   ~ 7 pPR 20D2 21 4. A
video deflection apparatus, comprising: a cathode ray tube; a vertical
deflection winding (Ly) mounted on a neck of said cathode ray tube; a
vertical deflection amplifier (lla) responsive to a sawtooth signal (VSAW)
for generating a vertical deflection ' current (iy) in said vertical
deflection winding to vary a vertical position of an electron beam on a
screen (22) of said cathode ray tube; i a sawtooth signal generator (100)
responsive to a first control signal (VSIZE) and to a second control signal
(VSHRINK) for generating said sawtooth signal having an amplitude that is
controlled in accordance with each of said control signals; characterized
by 



a nonlinear element (U01 B) U01 C) responsive to said sawtooth signal and
coupled to said deflection amplifier for controlling said deflection
current to provide for S-correction, said nonlinear element being
responsive to one (VSIZE) of said control signals for varying a
nonlinearity of said deflection current such that when a change in said
first control signal produces a given change in said amplitude of said
sawtooth signal the nonlinearity varies by a different amount than when a
change in said second , control signal produces said given amplitude
change. i 5. An apparatus according to Claim 4 characterized in that said
first control signal (VSIZE) provides for service picture i height
adjustment and said second control , signal (VSHRINK) provides for vertical
shrink/non-shrink mode of operation. 6. An apparatus according to Claim 5
characterized in that when said first control signal (VSIZE) produces said
given change the nonlinearity varies by a smaller amount than when said
second control signal (VSHRINK) produces said given change. ' 7. A video
deflection apparatus, comprising: I a cathode ray tube; a vertical
deflection winding (Ly) mounted on a neck of said cathode ray tube;   ~ 7
AP R Zaaz . w 22 a vertical deflection amplifier ( i 1 a) responsive to a
sawtooth signal (VSAW) for generating a vertical deflection current (iy) in
said vertical deflection winding to vary a vertical position of an electron
beam on a screen (227 of said cathode ray tube; a sawtooth signal generator
( l00) responsive to a first control signal (VSIZE) and to a second control
signal (VSHRINK) for generating said sawtooth signal having an amplitude,
that is controlled in accordance with each of said control signals;
characterized by a nonlinear amplifier (U01 B, U01 C) re~ponsivP to said
sawtooth signal and coupled to said deflection amplifier for controlling
said deflection current such that a ratio between a gain of said amplifier
at a given vertical position and a gain of said amplifier at a
predetermined reference vertical position varies in accordance with said
sawtooth signal in a manner to provide for S-correction, said amplifier
being responsive to one of said control signals (VSIZE) for varying said
ratio by different amounts when a change in said amplitude of said sawtooth
signal is caused by a change in said first control signal than when it is
caused by a change in said second control signal. 8. A video deflection
apparatus, comprising: a cathode ray tube; a vertical deflection winding
(LY) mounted on a neck of said cathode ray tube; 



a sawtooth signal generator ( 100) responsive to a vertical shrink control
signal (VSHRINK) for generating, selectively, in accordance with said
vertical shrink control signal, a sawtooth signal (VSAW) at a first
amplitude to provide for a vertical non-shrink mode of operation and at a
second amplitude to provide for a vertical shrink mode of operation;
characterized by a deflection amplifier (1la) responsive to said sawtooth
signal for generating a vertical deflection current (iy) in said deflection
winding that causes a vertical position of an electron beam to vary on   1
7 A P R 202 23 a display screen (22) of said cathode ray tube in accordance
with said sawtooth signal, said sawtooth signal being DC-coupled to said
deflection winding to form a DC-coupled vertical deflection circuit. j
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