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SERVI: CE- SW TCH FOR VI DEO ' DI SPLAY DEFLECT Ag’g’é%‘r US|
‘This invention relates to video display ‘a]p’par atus. In p C *2 the
invention relates to service node circuitry that 5 disables defl egpiosn.
Typical [y, a vertical sawooth generator of a vertical defl ection

circuit in a television receYRRVIGESWIEGHFQR YHNEO i ntegrating
capacitor that is charge ON APRARATUScurrent to produce a

ramp, trace portion. ofppd jQYERHbn SRR o video display apparatus. In
particular, the invention relates to service mode circuitry that
5 disables deflection.
. Typically, a vertical sawtooth generator of a vertical
deflection circuit in a television receiver utilizes a current
integrating capacitor that is charged from a source of a D.C.
current to produce a ramp, trace portion of an output sawtooth -

10 signal synchronized to a vertical synchronizing signal. The trace
portion of the sawtooth signal controls a trace portion of a vertical
deflection current that produces vertical deflection in a cathode
ray tube (CRT). _ '

In a D.C. coupled vertical deflection circuit, the

15 sawtooth signal is D.C. coupled to an input of a vertical deflection
amplifier. A feedback signal that is indicative of the magnitude of
the vertical deflection current, produced by the amplifier, is D.C.
coupled to an input of the amplifier in a negative feedback
mzinner., '

20 During manufacture and assembly of the television
receiver, it may be necessary or desirable to adjust the video
drive circuitry to appropriate levels so that the red, green and
blue designated electron beams of a cathode ray tube are
generated in a manner that will produce proper color images on

25 the phosphor display screen of the tube. Such adjustments are
typically performed while the vertical deflection circuitry is
disabled. The resulting single horizontal line is more easily "
‘observed than a complete raster field when setting electron beam
drive and cutoff levels. The circuitry utilized to perform the

30 disabling function is typically referred to as a service switch. It
may be desirable to provide such disabling function in a D.C.-
coupled vertical deflection circuit.

A vertical sawtooth generator, embodying an aspect of
the invention, is D.C. coupled to a vertical deflection amplifier. A

35 voltage that is indicative of an average value of the sawtooth
signal during normal operation is generated and is available when
service mode operation is required. A service mode control signal
is generated when service mode operation is required. When the
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1 0 *signal synchronized to a verti cal synchronl zi ng si gnal The trace
cportion of the sawtooth signal controls-a&trace portion of a $EA &I 15
deflection current that produces vertical deflection in a cathode ray
tube (CRI). In a D.C. coupled vertical deflection circuit,
the 1 5 sd&ervinermadengonteolDsignad oisplgsaeratedn thep generation, of; ithe
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_ aspect of the invention, includes a sawtooth generator for
generating a sawtooth signal. A. deflection circuit amplifier is
10 responsive to the sawtooth signal and coupled to a vertical -
deflection winding that is mounted on a neck of a cathode ray
tube for generating a vertical deflection current in the deflection
winding in accordance with the sawtooth signal. The deflection
current periodically varies a position of a beam spot on a screen of
15 the cathode ray tube in a vertical direction, during normal
operation. A service mode control signal is generated. The
vertical position variation of the beam spot is disabled and a -
signal, that is indicative of normal operation vertical centering, is
applied to the deflection winding via a signal path formed
20 Dbetween an input and an output of the amplifier to position the
beam spot at a vertical center of the screen.
FIGURES la, 1b and Ic illustrate, a vertical deflection
circuit, embodying an aspect of the invention; and
FIGURES 2a-2d illustrate idealized waveforms of the
"~ 25 arrangement of FIGURE 1.
FIGURES 1a, 1b and lc illustrate, partially in block
diagram form, a vertical deflection circuit, embodying an aspect of
~ the invention that includes a sawtooth generator 100. A
synchronizing signal SYNC ‘produced by, for example, a video
30 detector of a television receiver, not shown, that processes a
television signal conforming to the NTSC standard, for example, is
coupled to a vertical timing generator 10. Generator 10 generates
a vertical rate pulse signal VRESET, as shown in FIGURE 2a.
- Similar symbols and numerals in FIGURES 1a, 1b, Ic and 2a-2d
35 indicate similar items or functions.
Pulse signal VRESET of FIGURE 1a is coupled to a "set”
input of a Set-Reset flip-flop 12 causing flip-flop 12 to change
states. Consequenﬂy, an output Q of flip-flop 12 produces a



typically performed while the vertical deflection circuitry is

di sabl ed. The resulting single horizontaB-line is nore easil JWCA 86¢bk®rved
than a conplete raster field when setting el ectron beam drive and
cutoff levels. The circuitry utilized to perform the 3 0 disabling
functi on i deadipgcedgy LEf of aad outputscentsel \slg:falsMZa;h Ledding edgesmyofbe
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A service wugentoIDRAMP goah Juncuonl tergninal a1 84l othan #Aegrditngrode
operati on cipﬁgqgf rlezf]I thay\hls fabncated using an integrating circuit (IC)
fabrication technique.
. Current IDRAMP is produced in a voltage -to-current
10 (V/) converter 15 that is controlled by a voltage VRSLOPE
produced in a digital-to-analog (D/A) convé_rter 16. The digital
data input to D/A converter 16 is supplied via a bus BUS from a
microprocessor 17. Microprocessor 17 may additionally control
various adjustment functions, not shown, in the television receiver
15 such as S-shaping and East-West correction.” A second end
terminal 18b of integrating capacitor 14 is coupled to an output of
an amplifier 18 where a sawtooth signal VRAMP is generated.
Current IDRAMP forms a retrace portion RETRACE of sawtooth
signal VRAMP of FIGURE 2b. Terminal 18a of capacitor 14 of
20 FIGURE 1a is coupled to an inverting input terminal of amplifier
18 to form a current integrator.

Signal VRAMP of FIGURE 1a is also coupled to a
noninverting input terminal of a comparator 19 that senses the
level of signal VRAMP during portion RETRACE to determine an

25 end time of portion RETRACE of _signal VRAMP. An inverting input
terminal of comparator 19 is coupled to a source of a D.C.
reference voltage VLOW that is generated in a manner discussed
later' on. An output terminal 19a of comparator 19 is coupled via
an "OR" gate 20 to a "reset" input R of flip-flop 12.

30 ‘When, as a result of current IDRAMP, signal VRAMP
ramps down and attains a level that is equal to voltage VLOW,
comparator 19 produces an output signal that causes flip-flop 12
to change states and to produce, at output Q, a trailing edge TE of

- signal . 112a. Thereafter, current IDRAMP is decoupled from

35 - capacitor 14 by switch 13. |

A magnitude of current IDRAMP is programmable, in
accordance with the value of the digital data input to D/A
converter 16 for providing the required retrace slope or length of



-2- s servi ce-node -control signal is generated, the generation of the
'sawmt oot h signal is disabled. In the servitee node operation, tREA 86,715
sawt oot h generator is responsive to the average val ue signal to produce
a D.C. output signal that is D.C. coupled to the vertical 5 defl ection
anplifier apostiomdETRIACEhof signal SRAMR. t &Fopesiample, timean el ectron

3eam at t he'ai‘npa"n?jeﬁ‘?ént‘:?i%ﬁ%r % thatIf FIGURE 1la ir{tﬁndéad Vesde oSl
efl ecti on appaffatus, enbodyi ng an . aspect of e ILnventron, 1nctudes a
sawt oot h geRes#titshedovertical @@%’@ﬂmwl@ushmp@bt&h@mnéul poawertextion
circuit anphdy &e igrogrammed to produce current IDRAMP of a smaller
5 magnitude than in FIGURE la. In this way, portion RETRACE is
| 'lengihened, as shown in broken line in FIGURE 2b, relative to the
length of portion RETRACE used for controlling a non-switched
vertical deflection circuit such as shown in FIGURE lc. Thus,
retrace portion RETRACE of signal VRAMP of FIGURE 2b can be
10 made adaptable for operation with either a switched or non-
switched vertical deflection circuit.
, Provided that the pulse width of signal VRESET of
FIGURE 1a is shorter than the length of portion RETRACE of signal
VRAMP, the precise timings of the trailing edge of signal' VRESET
15 is, advantageously, not critical. The advantage of not being critical
s that timing generator 10 that is required for processing both
nonstandard and standard sync signal SYNC can be simplified.
Nonstandard sync signal SYNC might be received from, for
- example, a video tape recorder operating in a freeze-frame or still
20 picture mode.
: A D.C. current [URAMP that is substantially smaller
than current IDRAMP is produced in a V/I converter 21. After
trailing edge TE of signal 112a, current [IURAMP that is coupled to
terminal 18a of capacitor 14 charges capacitor 14 to produce a
25 ramping trace portion TRACE of sawtooth signal VRAMP of FIGURE
2b. The magnitude of current [URAMP of V/I converter 21 of
FIGURE 1a is controlled in an automatic gain control (AGC)
feedback loop by a voltage VAGC, developed across a capacitor 22.
Voltage VAGC controls converter 21 such that the more positive is
30 voltage VAGC, the smaller is current [URAMP. An AGC strobe
signal AGCSTR is coupled to a control terminal 24a of a switch 24.
Signal AGCSTR is produced in vertical timings
generator 10 close to the end of vertical trace. Signal AGCSTR has
a pulse width that is equal to the length of, for example, a
3.5 horizontal video line or 64 microseconds. During the occurrence of
the pulse of signal AGCSTR, a current IOUT, generated in a V/I
converter 23, is coupled via a switch 24 to capacitor 22. Outside
of the occurrence of the pulse of signal AGCSTR, capacitor 22



10 responsive to the sawt ooth signal and coupl ed to a verti cal

.deflection winding that is nounted on a-feck of a cathode rayRCA 8Q,db& for
generating a vertical deflection current in the deflection wnding in
accordance with the sawmooth signal. The deflection current:
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FI GURE 1. - AGCSTR occurs, current IOUT would be positive and at a
magnitude that is proportional to the difference between voltage

10 VHIGH and signal VRAMP. Positive current IOUT causes a
decrease of voltage VAGC in capacitor 22. Consequently, in
subsequent vertical trace intervals, current JTURAMP would be
larger and the rate of increase of signal VRAMP would be greater
than before in a manner to compensate for the aforementioned

15 tendency of signal VRAMP to be smaller than required.

o Conversely, should the magnitude of signal VRAMP be
larger than voltage VHIGH, when the pulse of signal AGCSTR
occurs, current IURAMP, in the subsequent vertical trace ,
intervals, would be smaller. Thus, the AGC feedback loop causes

20 the magnitude of signal VRAMP to be at the same level of voltage
VHIGH, when strobe signal AGCSTR occurs. In steady state
operation, the polarity of current IOUT changes at the center of
the pulse of signal AGCSTR, as shown in FIGURE 2d.

. Immediately after the circuit is energized, capacitor 22

25 is fully discharged. Capacitor 22 is coupled to voltage VCC.
Therefore, upon power turn-on, voltage VAGC is equal to voltage
VCC and the amplitude of ramp signal VRAMP is at a minimum or
zero. Had capacitor 22 been coupled to ground, instead, the
amplitude of signal VRAMP at power turn-on might have been

30 excessive. Excessive amplitude of signal VRAMP could cause
excessive deflection current amplitude. The result could be that
the electron beam in CRT 49 could impinge on a neck of CRT 49
and damage CRT 49. _

Signal AGCSTR is made to occur further from the

35 center of vertical trace portion TRACE and as close to the end of
vertical trace as feasible. In this way, the length of an interval
between the instant when the level of signal VRAMP is
established to be equal to voltage VLOW and the instant when




FIGURES 1a, |b and 1c illustrate, partially in block diagramform_ a

-vertical deflection circuit, enbodying a'rf'aspect of t he R&An80.dlSt hat
i neludes a sawt oot h generat or 100. A synchroni zi ng signal SYNC
produced by, for exa a video 3 0 detector of a television receiver,

not shown, sigaal ;AG Béslsfagenerat@cbnemfet examplealat (&ef BIAKIMEMO t he NTSC
standard, ffuasfiaRngth. SThe u 'nﬁ]‘i' 4016 w&btla@@hnttﬂe Rgcieipgr at or 10.
Generator 10Q ganVﬁ %ﬁr éiﬁdcrat glie g SEL as shown
in FI GURE 2H8 4 baﬁlg@’%j o 19 (i they  1c and
2a- 2dI 3 5 mifimaie r&%téirbdrldrngliTEoDrthéumttithScycle of signal tVsz\MP.lﬂ tseReset
Fl pot1 dp T3sHAETY s gt ACCSTR S8 Sifiered®to ocqur, abP & Sl | 20
out put Q of Tf Ihaying op lergthr ol BC% of the nominal vertical period V, has
elapsed from the trailing edge TE of s1gnal 112a, as shown in
- FIGURE 2c.
A time CENTER occurs at the center of portion TRACE.
10 At a time that is further away from time CENTER of FIGURE 2b,
the level of signal VRAMP is close to its peak value. Therefore,
the relative contribution of offset errors to control accuracy is -
reduced with respect to a situation in which signal AGCSTR occurs,
for example, at time CENTER. It follows that, advantageously, a
15 more accurate control of signal VRAMP of FIGURE 1a can be
obtained.
Signal VRAMP is waveform corrected for providing S-
shaping, in a manner not shown, and D.C. coupled to, for example,
a D.C. coupled linear vertical deflection circuit 11 of FIGURE Ic
20 . that includes a vertical amplifier 11a for producing a vertical
deflection current iy in a vertical deflection winding Ly. Winding
Ly of FIGURE 1c provides vertical deflection in a CRT 49.
‘Advantageously, D.C. coupling eliminates the need for a large A.C.
coupling capacitor and eliminates a dependency of linearity and S-
25 correction on the coupling  capacitor characteristics.
FIGURE 1b illustrates an arrangement - 101, for
generating voltages VHIGH, and VLOW of FIGURE 1a, referred to
before, and for generating a voltage VCENT that is used for
vertical centering adjustment purposes, as explained' later on. _
30 Arrangement 101 includes a resistor R9 having a terminal that is
coupled to a supply voltage VCC of 7.7 volts. A second terminal,
101a, of resistor R9 is coupled to a resistor R8. A terminal 10lc of
resistor R8 is coupled to a series arrangement of resistors R7 and
R6. The series arrangement of resistors R7 and R6 is coupled
35 between terminal 10lc and a terminal 101b. A resistor RS is
coupled between terminal 101b and ground. A second series
arrangement of resistors RI11A and R10A is coupled between



-3: - | eadi ng edge LE of an out put control signal 112a. Leadi ng edges

-of signal s VRESET and 112a occur at -t‘he end of a given veRGAH6.71ace
interval and initiate vertical retrace. Signal 112a is coupled to a
control termnal 13a of a current swtch 13. Imediately after 5 | eadi ng

edge LE, sitgrmindls230¢huged d@ilcchinlparallebupith th®. @ries arcangement DRAMVP

to a junctigmndacirdar7 L e an integrating capacitor 14 that is
fabricated using an integratjng circuit (I fabrication technique.

; C)
Current IDRAMP is provalagei ¥XLDWoiis Arvaloped ratefarminal 101b.  Voltage
VHIGH is developed at terminal 101c. Voltage VCENT is

5 developed at a terminal 101d, between resistors R11A and RI10A. -
A V/I converter 52 that is controlled by input data
received via bus BUS from microprocéssor 17 of FIGURE 1la and
via a D/A converter 53 produces a D.C. current ICENTER of FIGURE
1b. Current ICENTER is coupled between resistors R6 and R7.

10 Current ICENTER provides adjustment of the average value of
“signal VRAMP by adjusting voltages VLOW and VHIGH so as to
adjust vertical centering. The average value of signal VRAMP is -
nominally equal to one-half the value of voltage VCC. Because

, signal VRAMP is D.C. coupled to winding Ly of FIGURE 1c, a change

15 in the average value of signal VRAMP causes a corresponding
change in the vertical centering of the electron beam. .

A V/I converter 50 of FIGURE 1b that is controlled by
input data received via bus BUS from microprocessor 17 of
. FIGURE 1a and via a D/A converter 51 of FIGURE 1b produces a

20 D.C. current IHEIGHT of FIGURE 1b that is coupled both to the base
and to the collector of a transistor Q1, coupled in a diode
configuration. The base and collectors of transistor Q1 are coupled
to the base of a transistor Q3 to control a collector current in
transistor Q3 that is equal to current IHEIGHT. The collector of

25 ransistor Q3 is coupled to terminal 101b between resistors RS
and R6. Collector base electrodes of ‘a transistor Q4 are coupled
together in a diode configuration and also coupled to the emitter
of transistor Q3 for supplying the current of transistor Q3. The
emitter of transistor Q4 is coupled via a resistor R2 to terminal

30 101a. The base of transistor Q2 is coupled to the base and to the
collector of transistor Q4. The emitter of transistor Q2 is coupled
via a resistor R1 to terminal 101a. A collector of transistor Q2 is
coupled to the emitter of transistor Q1 for supplying the collector
current of transistor Ql.

35 Transistors Q1, Q2, Q3 and Q4 form a temperature
compensated current mirror arrangement. The sum of the emitter
currents of transistors Q2 and Q4 that flow in resistors R1 and R2,
respectively, is supplied via terminal 10la and is equal to twice



(V/1) converter 15 that is controlled by a voltage VRSLOPE
-produced in a digital-to-analog (D/A) corSerter 16. The digita®CA 86 HES a

input to D)A converter 16 is supplied.via a bus BUS from a
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A change in current IHEIGHT produces a change in the
peak-to-peak amplitude of signal VRAMP for providing vertical
height adjustment without affecting vertical centering. For

"example, an increase in current IHEIGHT of FIGURE 1b causes

15

voltages VHIGH to decrease and voltage VLOW to increase such
that the average value of voltage VRAMP and the level of voltage
VCENT remain unaffected by the increase in current ITHEIGHT.

- This advantageous feature is obtained by selecting the

20

25

30

35

appropriate values for the resistors in arrangement 101 as well as
for the currents that are coupled to terminals 101a and 101b and
produced by transistors Q1, Q2, Q3 and Q4.

The level of current ICENTER is controlled via bus BUS
such that voltages VLOW and VHIGH change in the same direction.
For example, an increase in current ICENTER, made for service
raster centering adjustment, causes each of voltages VHIGH and
VLOW to decrease. '

The values of the resistors in arrangement 101 are
also selected in such a way that the peak-to-peak amplitude of
signal VRAMP of FIGURE 1a remains approximately the same after
adjustment of current ICENTER of FIGURE 1b. Therefore,
adjustment of vertical centering does not affect vertical height.
Advantageously, the peak-to-peak amplitude of signal VRAMP
and the average value of signal VRAMP can be adjusted
independently of each other.

In deflection circuit 11 of FIGURE Ic, deflection
winding Ly is coupled in series with a deflection current sampling
resistor R80 to form a series arrangement that is coupled between
an output terminal 11b of amplifier 11a and a junction terminal
11c of a power supply decoupling capacitor Cb. A resistor R70
couples to terminal 11c a supply voltage V+ of, for example, +12



term-nal of conparator 19 is coupled to a source of a D.C ref erence

-vol'tage VLOWthat is generated in a mann¥r di scussed | atRdFA086, AP
output termnal 19a of conparator 19 is coupled via an "OR' gate 20 to
a "reset” input Rof flip-flop 12. 3 0 When, as a result of

current |DRoLB, sAgpaictidtANBrminal didpcoipled dretweenaiwinding dvelandat is
caua 12, BEER NOis coypRRAL Y Feedfdl SR A UOPHh IARIDgL I
trailing edgputTgersninal of amplifien 1l laa. Tewninalt bic ofyredptor i s
g?cgﬂﬂ-egt fclbﬁ eth ﬁiﬁaﬁfr?‘f(;és‘ri%br 1%?2Yt6{\r’? tnhidverting énput ter_r{lihnalhof\ rr:agni t]thde
the di 'ta|a“§ éﬁemé@f LB B way. achegativeteedback aiEeithel it requi red
retrace sl deeelvpddengtrdssofresistor R80 is applied to the input terminals of
amplifier 11a. Sawtooth signal VRAMP that controls amplifier 1la
is coupled via a parallel arrangement of resistors R40 and R50 to
the inverting input terminal of amplifier 11a. Voltage VCC is
10 coupled via a resistor R10 to the noninverting input terminal of
amplifier 11a. A resistor R20 is coupled between the
noninverting input terminal of amplifier 11a and ground.
‘Resistors R10, R20, R30, R40, R50 and R60 are
manufactured, for example, on a common substrate to form a
15 single resistor network package for providing close temperature
tracking. Each of resistors R10, R20, R30, R40, R50 and R60 has a
tolerance of, for example, 0.5%. Resistors R10, R20 and R30 form a
first portion of the resistor network for coupling voltage VCC and
the voltage that is developed at terminal llc to the noninverting
20 input terminal of amplifier 11a. Resistors R40, R50 and R60 form
a second portion of the resistor network for coupling signal
VRAMP and the deflection current indicative feedback signal at
terminal 11d to the inverting input terminal of amplifier 11d.
The values of the elements of arrangement 101 of
25 FIGURE 1b are selected in such a way that the average value of
signal VRAMP of FIGURE Ic is nominally equal to one-half of
voltage VCC. Assume that the voltages at terminals 11d and 1llc
are equal when the level of signal VRAMP is equal to one-half of
voltage VCC. Thus, the Thevenin equivalent, with respect to the
30 inverting input terminal of amplifier 11a, of the portion of the
circuit that includes signal VRAMP and resistors R40, R50 and
R60, is equal to the Thevenin equivalent, with respect to the
noninverting input terminal of amplifier 11a, of the portion of the
circuit that includes voltage VCC and resistors R10, R20 and R30.
35 Therefore, signal VRAMP that is equal to its average value or one-
half of voltage VCC, produces deflection current iy that is
nominally zero or close to zero. Signal VRAMP produces current.



“4s -, portion. RETRACE of signal VRAWP. For exarrple in an
-arrangenment simlar to that of FIGURE 1a;10ntended for controIRCﬂg 86,715 a
"~ switched vertical deflection circuit, not shown, V/I converter 15 may
be program*red to produce current IDRAI\/P of a sma_l ler 5 magni tude than in
FI GURE la. liy hlaivisngvayppmmimmellyREMtﬁeal negatiregtdanehgpbsidsesipeak in
broken |ine | r relative to the | engt h of portion RETRACE
used for cor?t B Ilng non swi t.ched ~ vertical deflection circuit such
as shown in FI GURE 1c.Thengentributioncof gashpef tresistars TRAGE R20 santh R3IGRAMP

of FI GQURE 2RoCefe PPhevenin equivalent, with respect to the noninverting input
5 terminal of amplifier 11a, is the same as the contribution of each
of resistors R40, RSO and R60, respectively, to the Thevenin
equivalent with respect to the inverting input terminal. This is so,
because the resistors within a given pair of each of the pairs (R10,
R40), (R20, R50) and (R30, R60) are of equal values. '
10 Advantageously, because the resistors within each of the pairs are
of equal value, a closer or better match and temperature tracking
is obtained than if the resistor of such pair were of unequal value.
Such close temperature tracking occurs because, in the
manufacture process, it is more feasible to make a pair of separate
15 resistors having close temperature tracking coefficient, such as 50.
ppm/°C, when they are of equal value. By establishing the
average value of signal VRAMP equal to one-half of voltage VCC,
- the pair of resistors R10 and R40 could be made of equal value
resistors and also the pair of resistors R20 and RS0 could be made
20 of equal value resistors.

Advantageously, because the resistors in each of the
pairs are equal, common mode rejection with respect to a vertical
rate parabolic voltage developed at terminal 1lc of capacitor_C6
due to current iy, common mode rejection with respect to

25 variations of supply voltage V+ and common mode rejection with
respect to variations of supply voltage VCC are higher and less
temperature dependent. Thus, - distortion and D.C. current drift in
deflection current iy are, advantageously, reduced, within an
entire operational temperature range of, for example, 0°C and

30 40°C. A change in voltage VCC due to, for example, a temperature
change, causes both the average value of signal VRAMP, that is
coupled to the inverting input terminal of amplifier l_ll'a, and the
portion of D.C. voltage VCC, that is coupled to the noninverting
input terminal of amplifier 11a, to vary in the same direction and

35 approximately by the same amounts. Therefore, advantageously,
D.C. centering is made less dependent on variation of voltage VCC.

For the purpose of television receiver field. adjustment
or factory adjustment, it may. be desirable to collapse the vertical



10" made adapt abl e for operation with either a switched or non-

swi tched vertical deflection circuit. -11- Provi deRCA 86,7 he
pul se wi dth of signal VRESET of FIGURE l1la is shorter than the length
of portion RETRACE of signal VRAMP, the precise timngs of the

trailing edystesfand goaestablislithe lectron beannim@RTs49,ofnFIGHRE bal . The
advant age ofs BlcIRgk ¥ G {erBleal centdr® of Nile mg;paagt gaggfator 10 that is

required for proceSS|ng nonst andard ard sync signal SYNC
can be sinplified. n agenedancgadth yae aspgefalo S‘hﬂClﬁV@mO‘bear sigmal ed

fr om for SERWC@erFFGUKEOIé st fseﬁﬁfdlﬁ:redoﬁﬁ %abuﬂqmdifﬁef ﬁﬁﬁzgﬁf rame or
still 2 pi ctur.e 3 : curﬁ IURA th.at i's
Subst andi al WO IBPRE, Gata geppeated by MUCTORRRRESSOE 17 oifu GOmPIEd avidy |

converter ZIORAfgase 20 to U'reset’ igped®e of Eflip-flopgnal dhﬁﬂeg service ninodeRAVP
o cougla, . conb Ay, Sl Al MBI,
FI GURE capacitor 14. Instead, signal SERVICE that is coupled to a control
terminal 31a of a switch' 31, causes switch 31 to couple a current
10 ISERV produced in a V/I converter 32 to terminal 18a of capacitor
14. V/I converter 32 generates current ISERV at a magnitude
that is proportional to a difference between signal VRAMP and
D.C. voltage VCENT produced in a manner that was described
before. As a result of the negative feedback via V/I converter 32,
15 signal VRAMP is established at a constant level that is equal to
voltage VCENT, when signal SERVICE is generated. Signal VRAMP
at the level of voltage VCENT produces a small or zero D.C. current
iy of FIGURE I1c that causes the vertical raster to collapse at the
vertical center of the screen of CRT 49. Thus, horizontal scannmg
20 produced by a horizontal deflection circuit, not shown, occurs
continuously at a vertical center of the display screen of CRT 49.



2bi The magni tude of current | URAVP of V/I converter 21 of

is controlled in an autcomatic gain contrdi2{AGC) feedbacl3¢6o§6b'&/15a
vol't age VAGC, devel oped across a capacitor 22. Vol t age VAGC control s
converter 21 such that the nmore positive is 3 0 voltage VAGC the snaller
i s current MWHABIS CLABMED I8he signal AGCSTR is coupled to a control
termnal 24a of a swi tICh R4v1deo dxs la defféctionl apFhratis, %oﬂiﬁﬁiﬂﬁ din

AU R :[shgqﬁal ?L Vhe | ongth of for
example, a 35 hori zantsawtuodecgelnemo@r(B@l&)cfmsgem&d@tmg Dwring the
ocgurrence g% t ,Espgggﬁ ng gnal AGCSTR a current |OUT, generated in
a V/l %?tthe l’ed via a swtch 24 to capacitor 22.
Qut si de of the oacdefleationotirchit poipléfier (dilghatespeOSiMe, toapaidi t or 22
sawtooth signal and coupled to a vertical deflection winding (Lvy)
that is mounted on a neck of said cathode ray tube for generating
a vertical deflection current (iy) in said deflection winding in
- accordance with said sawtooth signal, said deflection current
periodically varying a position of a beam spot on a screen of said
cathode ray tube in a vertical direction, during normal operation;
characterized by
means (17,31a) for generating a service mode control
signal (SERVICE); and
means (32,31) responsive to said service mode control
signal for disabling the vertical position variation of said beam
spot and for applying a signal (VCENT) that i$ indicative of normal
- operation vertical centering to said deflection winding to
vertically center said beam spot.

2. An apparatus according to Claim 1 characterized in
that sald deflection circuit (11a, Ly) forms a D.C. coupled
deflection circuit with respect to said sawtooth signal (VRAMP).

3. An apparatus according to Claim 2 characterized in
that said vertical centering indicative signal (VCENT) is D.C.
coupled to said deflection winding (Ly) via said sawtooth
generator (18) when said service mode control signal (SERVICE) is
generated. | -

4. An apparatus according to Claim 1 characterized in
that said vertical centering indicative signal (VCENT) is coupled to
said deflection winding (Lvy) via a signal path formed between an

input (inverting input terminal) and an output of said amplifier

- (18). |
O R




-5« . mai ntains its voltage approximately at a constant |evel to provide
.sanpl e-and-hol d operation. The magnitude of current 1OUT is RCARBG,7051 ed
inconverter 23 is proportional to a difference between si gnal VRAMP
and a reference voltage VHIGH, that is produced in 5 a manner descri bed

| at er on. , During a ABSIRACAce interval, should the

magni t ude of signal VRAMP be snaller than voltage VH GH when strobe.

si gnal AGCSTR occurs, current |OUT woul d be positive and at a

magni t ude that is profosawtonth signahegeaerator 18 ob @i f. eoupled

vertical deflection circuit is responsive, during service mode of
5 operation, to a first signal (VCENT) at a D.C. level that is indicative
of vertical centering. During the service mode operation, the
-generation of the sawtooth signal (VRAMP) is disablec_l and,
instead, the generator generates a D.C. signal (at output of 18) that -
is D.C. coupled via a vertical deflection amplifier (11a, Fig. 1c) to a
10 vertical deflection winding (Ly) in a manner to position an
electron beam at the vertical center of a display screen.

FIGURE 1la



10 ~ VHI GH and signal VRAMP. Positive current |OUT causes a decr ease qg

%ol tage VAGC in capaci tor 22 egcﬁJe’rFH,y I n subsequent verti cal
trace intervals, current jatbea*- | arger and the rate of
i ncrease of signal VRAWP vvoul dsﬁbeed:r & 4 than before in a manner to

conpensate for the aforenentioned 1 5 tendency of signal VRAWP to be-
smal | er than required. Conversely, should the magnitude of
si gnal VRAMP be | arger than voltage VH GH when the pul se of signal
AGCSTR occurs, current | URAMP, i« the subs ent vertical trace
intervals, would be smaller. Thus, tB AGC feed causes 20 [the

magni t ude of signal VRAMP to be at t@ same |level 7of, v@ltagse = VH GH,
rﬁlgn, t he

when strobe . €Qgnal AGSSTR occurs. |n3steady state =
polarity of ewrrent I@T ‘changes at gfle cent er, f {si gnal
ACCSTR, as shqwn in FIMPURE 2d. - = : t he
circuit is rgi zed, —apaci tor 22 23 is | ' . Capa&tdgr 22 is
coupl ed to t age VC@ .l | =3
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Therefore, upon power turn-on, ped tege; MAGC is equal to voltage - VCC
sand the anplitude of ranp signadbMRAVRE SSBE a m ni nunm or zero. Had
capacitor 22 been coupled to grsheet 1 nsfemad, the anpl i tude of signal
VRAMP at power turn-on m ght have been 30 excessive. Excessive anplitude
of signal VRAWP coul d cause excessi ve deflection current anplitude.
The result could be that the el ectron beamin CRT 49 could inpinge on
a neck of CRT 49 and damage. CRT 49. Si gnal AGCSTR i s
made to occur further fromthe 3 5 center of vertical trace portion TRACE
and as close to the end of vertical trace as feasible. 1In this way,
the length of an interval bet ween the instant when the |evel of signal
VRAMP i s established to be equal to voltage VLOWand the instant when

an

vee
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6 si gnal AGCSTR i s geneRafedbird1% or exanple, al the maximum

*fegsi bl e | ength. The upper Iin#ﬁbéétgoego Li-ate in the cycl e of si gnal
VRAMP, signal AGCSTR can occur S%&%dét 8fni*ned by t he m ni mum requi r ed
| ength of the vertical cycle of signal VRAMP. 5 Illustratively, signa
AGCSTR i s selected to occur after an interval T, having a | ength of
80% of the nom nal vertical period V, has ~elapsed fromthe trailing
edge TE of signal 112a, as shown in FI GURE 2c. Atinme

CENTER occurs at the center of portion TRACE

el 1]
o .

[ — o

T

VRAMP (FROM Fis.1a)

FIG. 1¢

FROM HIG. 1b



10 At atinme that is further R&da$bét7dm ti me CENTER of Fl GURE 2b, t he

‘L evet of signal VRAWP is cl os&obditgsepedl.val ue. Therefore, t he
refative contribution of offséheefrdrsfté control accuracy is = reduced
with respect to a situation in which signal AGCSTR occurs, for

exanple, at time CENTER It follows that, advantageously, a 1 5 nore
accurate control of signal VRAMP of FIGURE | a can be obt ai ned.

Si gnal VRAMP i s wavefolm corrected for providing S- shaping, in a
manner not shown, and D.C. coupled to, for exanple, a D.C. coupled
l'inear vertical deflecfion-circuit 11 of FIGURE 1c 20 that includes a
vertical anplifier 1la{for producing a-veyti cal deflection current iy’

bf FI GURE 1c provides

ndb ng- L (
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n winding Ly--W g
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in a vertical deflecti
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sifomse. REPLACEMENT SHEETS SG . | REPLACEMENT SHEET! ™ 270 ,%
URE |4 I Desariptives pa#dark@nmﬁéqﬂ 01, for er‘fé'r‘erﬁ"rrg”veFt ges

VHI GH arjdEVORBh(spf  FipapRE!) mpagedéré dto be ma'_ 1de beperating

a vol t agg Mcamlg@) ’?!:ﬂtofﬁged‘t vertical- - cenf er| ng l?gtnrs .

purposes,|. g5 ABSRAR! necfagég B toOphged. f\rrangenment| 184—-nel ltdm a | st or RO

havi ng a term nal t hat coupl efl tb-a supply vol tage VCC of 7.7

volts. A 3![01(1?& f resistor RO TS TCOouptee—te la

resi stor . AT . SWHICH FOR MIDEOIpl ed to a series
?Lé???ﬁ?‘;’”kyc’én&e%“?s i BELAY D@F’L—ﬁﬂr——r@w O R & Lerm na

i I'ed 3" 5 Del erni na
101b. A resistor R5 is “fhls T IRYHIR Wé?ﬂﬁéeFPt\'a‘Eﬁ‘PnQFs 8 2RRATARSount? A

second seri es particudar, atigernmventbnr eslas¢orto Bedvicanthddid Aircuityughad
between 5 gisables deflection.
Typically, a vertical sawtooth generator of a vertical
deflection circuit in a television receiver utilizes a current
integrating capacitor that is charged from a source of a D.C.
current to produce a ramp, trace portion of an output sawtooth
10 signal synchronized to a vertical synchronizing signal. The trace
portion of the sawtooth signal controls a trace portion of a vertical
deflection current that produces vertical deflection in a cathode
ray tube (CRT).
In a D.C. coupled vertical deflection circuit, the
15 sawtooth signal is. D.C. coupled to an input of a vertical deflection
amplifier. A feedback signal that is indicative of the magnitude of
the vertical deflection current, produced by the amplifier, is D.C.

coupled to an input of the amplifier in a negatlve feedback
manner.

20 During manufacture and assembly of the television
receiver, it may be necessai'y or desirable to adjust the video
drive circuitry to appropriate levels so that the red, green and
blue designated electron beams of a cathode ray tube are
generated in a manner that will produce proper color images on

25 -the phosphor. display screen of the tube. Such adjustments are
typically performed while the vertical deflection circuitry is
disabled. The resultmg single horizontal line is more easily
observed- than a completc raster field when setting electron beam
drive. and cutoff levels.- The circuitry .utilized to perform the

30 disabling function is ty;iically referred to as a service switch. It
may be desirable to provide such disabling function in a D.C.-
coupled vertical deflection circuit.

A vertical 'sawtooth generator, embodying an aspect of
the -invention, is D.C. coupled to a'\_/ertit:ai*deflection amplifier. A

35 voltage that is indicative of an average value of the sawtooth
signal during normal operation is generated and is available when
service mode operation is required. A service mode control signal
is generated when service mode operation is required. When the



e

-7- termnals 101b and 101c, in parallel with the se @Wm

of resistors R7 and R6. . F Vol t age VLOW is iREggIﬂepg “at’ HQET
terminal 101b. Voltage . VHI GH is devel oped at .ternminalf1l Vol t age _]
VCENT IS 5 devel oped at a termnal 101d between r.esi st prf % ﬁ%
R10A. : "A VIl converter_.52 that is control | pdlby |nput dat
recei v;ad vi5§ bus BUS fromm croprocessor 17 of FlI GURE la-jand -via a DA
converter e r Fl ttotrPofGiifel£l i
| CENTER i s COE&L?G’%% Dode ﬁgme'g’:lj %' a%d tﬁy%e Tent | CENT n,t___,

provi des adj usqahgﬁptlbfmgn@l agleqhggg egla| ulél (5 serv1ce mode operation, the
sawtooth generator is responsive to the average value signal to
produce a D.C. output signal that is D.C. coupled to the vertical
5 deflection amplifier at a magnitude that is required to position the
electron beam at the vertical center of a CRT.

A video display deflection apparatus, embodying an
aspect of the invention, includes a sawtooth generator for
generating a sawtooth signal. A deflection circuit amplifier is

10 responsive to the sawtooth si'gnal and coupled to a vertical
deflection winding that is mounted on a neck of a cathode ray
tube for generating a vertical deflection current in the deflection
winding in accordance with the sawtooth signal. The deflection
current periodically varies a position of a beam spot on a screen of

15 the cathode ray tube in a vertical direction, during normal
operation. A service mode control signal is generated. The
vertical position variation of the beam spot is disabled and a
signal, that is indicative of normal operation vertical centering, is
applied to the deflection winding via a signal path formed

20 between an input and an output of the amplifier to position the
beam spot at a vertical center of the screen.

FIGURES 1a, 1b and Ic illustrate, a vertical deflection
circuit, embodying an aspect of the invention; and

FIGURES 2a-2d illustrate idealized waveforms of the

25 arrangement of FIGURE 1.

FIGURES 1a, 1b and lc illustrate, partially in block
diagram form, a vertical deflection circuit, embodying an aspect of
the invention that includes a sawtooth generator 100. A
synchronizing signal SYNC produced by, for example, a video

30 detector of a television receiver, not shown, that processes a
television signal conforming to the NTSC standard, for example, is
coupled to a vertical timing generator 10. Generator 10 generates
a vertical rate pulse signal VRESET, as shown in FIGURE 2a.
Similar symbols and numerals in FIGURES 1la, 1b, Ic and 2a-2d

35 indicate similar items or functions.

Pulse signal VRESET of FIGURE 1a is coupled to a "set”
input of a Set-Reset flip-flop 12 causing flip-flop 12 to change
states. Consequently, an output Q of flip-ﬁop 12 produces a



si gnal VRAMP by adj usting vol tages VLONW and VHI GH so as t
vertical centering. The average val ue of signal VRAWP s°| :
equal to one--hal f the val ue_of vol tage VCC. Because . 'gnEl‘““\“/RAIVP i's S
D.G coupled to w.nding Ly of FIGURE 1c, a change .1 5 .ir]-th av $1298 val'ue. .
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. Current IDRAMP is produced in a voltage-to-current

10 (V/I) converter 15 that is controlled by a voltage VRSLOPE
produced in a digital-to-analog (D/A) converter 16. The digital
data input to D/A converter 16 is supplied via a bus BUS from a
microprocessor 17. Microprocessor 17 may additionally control
various adjustment functions, not shown, in the television receiver

15 such as S-shaping and East-West correction. A second end
terminal 18b of integrating capacitor 14 is coupled to an output of
an amplifier 18 where a sawtooth signal VRAMP is generated.
Current IDRAMP forms a retrace portion RETRACE of sawtooth
signal VRAMP of FIGURE 2b. Terminal 18a of capacitor- 14 of

20 FIGURE 1a is coupled to an inverting input terminal of amplifier
18 to form a current integrator. '

Signal VRAMP of FIGURE 1a is also coupled to a
noninverting input terminal of a comparator 19 that senses the
level of signal VRAMP during portion RETRACE to determine an

25 end time of portion RETRACE of signal VRAMP. An inverting input
terminal of comparator 19 is coupled to a source of a D.C.
reference voltage VLOW that is generated in a manner discussed
later on. An output terminal 19a of comparator 19 is coupled via
an "OR" gate 20 to a "reset” input R of flip-flop 12.

30 When, as a result of current IDRAMP, signal VRAMP
ramps down and attains a level that is equal to voltage VLOW,
comparator 19 produces an output signal that causes flip-flop 12
to change states and to produce, at output Q, a trailing edge TE of
signal 112a. Thereafter, current IDRAMP is decoupled from

35 capacitor 14 by switch 13.

A magnitude of current IDRAMP is programmable, in
accordance with the value of the digital data .input to D/A
converter 16 for providing the required retrace slope or length of



together in a diode configuration and also coupled to t he—emtter——of—

transistor B f s Ty~ current of transistor Q3. The emtter
of transistor Fs dw a a resistor R to:termnal 30 —10%ta—The _
base. of transi.s or ‘@ 1s coupled to the base and to the col | ector of
transi stor Q4. Q';mtJm_ 199 trapsi stor-42 is coupled; via a resistor
Rl to term nal . A collector Ff transistor Q is upledtoth'e

} l
emtter of tran5| tor supp ol ctor re"t of
transistor QL. ? RETRACE OPF %QIQY%% &6 X R DAY orm a

t enperat ure arrarrgmqwnsatmdacuor drat of IFGURE almgemmded Toe centroldingt he

em tter Cd”srwﬁ%l?ed)fvetrﬁégﬁ' ciio &Mr@nbh d‘dn?WVﬂ E&ﬁr‘ré‘t&f SISR'
and R2, respectively, upplied via térm 1M¥a e}n qual
tw ce may be programmed to produce current A of a sma er

5 magnitude than in FIGURE la. In this way, portion RETRACE is
lengthened, as shown in broken line in FIGURE 2b, relative to the
length of portion RETRACE used for controlling a non-switched
vertical deflection circuit such as shown in FIGURE lc. Thus,
retrace portion RETRACE of signal VRAMP of FIGURE 2b can be

10 made adaptable for operation with either a switched or non-
switched vertical deflection circuit.

Provided that the pulse width of signal VRESET of
FIGURE la,r is shorter than the length of portion RETRACE of signal
VRAMP,, the precise timings of the trailing edge of signal VRESET

15 4 is, ad¥antageously, not critical. The advantage of not being critical
“is \that timing generator 10 that is required for processing both
nonstandard and standard sync signal SYNC can be simplified.

'I;Ionstandard sync signal SYNC might be received from, for

e\xample a video tape recorder operating in- a freeze-frame or still

20 picture mode.

A D.C. current [URAMP that is substantially smaller
than current IDRAMP is produced in a V/I converter 21. After
trailing edge TE of signal 112a, current [URAMP that is coupled to
terminal 18a of capacitor 14 charges capacitor 14 to produce a

25 ramping trace portion TRACE of sawtooth signal VRAMP of FIGURE
2b. The magnitude of current [URAMP of V/I converter 21 of
'FIGURE 1la is controlled in an automatic gain control (AGC)
feedback loop by a voltage VAGC, developed across a _oapacrtor 22,

~ Voltage VAGC controls converter 21 such that the mo% po‘_ﬁve is

30 voltage \{AGC the smaller is current [IURAMP. An AGC" strdbe B
signal AGCS_:I‘ R is coupled to a control terminal 24a of a swr;ch 24

UE -§1gnal AGCSTR is produced in vertical timings ... -
generato =10 close to the end of vertical trace. Signal AGCSTR has
a pulse Wwidth that is €qual to the length of, for example, a

35  horizontal video line or 64 microseconds. During the occurrence of
the pulse of signal AGCSTR, a current IOUT, generated in a V/I
converter 23, is coupled via a switch 24 to capacitor 22. Outside
of the occurrence of the pulse of signal AGCSTR, capacitor 22




-8- . the value of current |HEIGHT. \WWereas, the collector current of
transistor @B, that is. coupled to termnal 101b, is equg Turrent s
| HEI GHT. .. .. The l.evel .of current |HEI GHT i el ed t~Q EE’I

establish 5 . “the.. requi.red peak-to-peak-anplitude of. si ndl-. VRAI\/P of FITURE"
| a by establishing the | evels of voltage8-VH GH and VL An3 1 JUL 1996

nge

nai *@Rﬁﬂé ade

adj ust ment of current |HEl GHT causes voltages VH GH and [V
1 900051 LRGSR s sottge, gopronifef 08, Sy
provi di ng ver t5agaple-and- hold .operation. The magmtude of current IOUT is
controlled in converter 23 is proportional to a difference between
signal VRAMP and a reference voltage VHIGH, that is produced in
5 a manner described later on.

During a given trace interval, should the magnitude of
signal VRAMP be smaller than voltage VHIGH when strobe signal
AGCSTR occurs, current IOUT would be positive and at a
magnitude that is proportional to the difference between voltage

10 VHIGH and signal VRAMP. Positive current IOUT causes a
decrease of voltage VAGC in capacitor 22. Consequently, in
subsequent vertical trace intervals, current IURAMP would be
larger and the rate of increase of signal VRAMP would be greater
than before in a manner to compensate for the aforementioned

15 tendency of signal VRAMP to be smaller than required.

Conversely, should the magnitude of signal VRAMP be
larger than voltage VHIGH, when the pulse of signal AGCSTR
occurs, current [URAMP, in the subsequent vertical trace
intervals, would be smaller. Thus, the AGC feedback loop causes

20 the magnitude of signal VRAMP to be at the same level of voltage
VHIGH, when strobe signal AGCSTR occurs. In steady state
operation, the polarity of current IOUT changes at the center of
the pulse of signal AGCSTR, as shown in FIGURE 2d.

‘Immediately after the circuit is energized, capacitor 22

25 is fully discharged. Capacitor 22.is coupled to voltage VCC.
Therefore, upon power turn-on, voltage VAGC is equal to voltage
VCC and the amplitude of ramp signal VRAMP is at a minimum or
zero. Had capacitor 22 been coupled to ground, instead, the
amplitude of signal VRAMP at power turn-on might have been

30 excessive. Excessive amplitude of signal VRAMP could cause
excessive deflection current amplitude. The result could be that
the electron beam in CRT 49 could impinge on a neck of CRT 49
and damage CRT 49.

Signal AGCSTR is made to occur further from the

35 center of vertical trace portion TRACE and as close to the end of
vertical trace as feasible. In this way, the length of an interval
between the instant when the level of signal VRAMP is
established to be equal to voltage VLOW and the instant when




hei ght adjustnent wi thout affecting vertical centering. For exanpl
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elapsed from the trailing edge TE of signal 112a, as shown in
FIGURE 2c. N

A time CENTER occurs at the center of portion TRACE.
At a time that is further away from time CENTER of FIGURE. 2b,
the level of signal VRAMP is close to its peak value. . Therefore,
the relative contribution of offset errors to control accuracy is
reduced with respect to a situation in which signal AGCSTR occurs,
for example, at time CENTER. It follows that, advantageously, a
more accurate control of signal VRAMP of FIGURE la can be
obtained. . _

Signal VRAMP is waveform corrected for providing S-
shaping, in a manner not shown, and D.C. coupled to, for example,
a D.C. coupled linear vertical deflection circuit 11 of FIGURE l¢
that includes a vertical amplifier 11a for producing a vertical
deflection current iy in a vertical deflection winding Ly. Winding
Ly of FIGURE 1c provides vertical deflection in a CRT 49.
Advantageously, D.C. coupling eliminates the need for a large A.C.
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coupling capacitor and eliminates a dependency of linearity and S-

correction on the coupling capacitor characteristics.

FIGURE 1b illustrates an arrangement 101, for
generating voltages VHIGH, and VLOW of FIGURE 1a, referred to
before, and for generating a voltage VCENT that is used for
vertical centering adjustment purposes, as explained later on.
Arrangement 101 includes a resistor R9 having a terminal that is
coupled to a supply voltage VCC of 7.7 volts. A second terminal,
101a, of resistor R9 is coupled to a resistor R8. A terminal 10lc of
resistor R8 is coupled to a series arrangement of resistors R7 and
R6. The series arrangement of resistors R7 and R6 is coupled
between terminal 10lc and a terminal 101b. A resistor RS is
coupled between terminal 101b and ground. A second series
arrangement of resistors R11A and R10A is coupled between



-signal VRAMP of FIGURE la renmins approximtely the sane after
adj ust nent of current | CENTER of FIGURE |b. Thereforej ARG ust.;-r;‘q-lirté"J'of
vertical . centering does not.affect verti.cal height. (RE AYu) ntageQbiSJ}# the
peak-to- peak anplitude of signal VRAMP_,. . and. the gvgrage val ue of [sijgnal - -
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VRAMP can be adj usted i ndependent I.g-Of each ot hqr. 1T JUL 1996
deflection circuit 11 of FIGURE 1lc, deflection inding Ly is coupled
ser; o5 arrangdbnfaRafo] 8 gt o IE, I BatIR1 ALk "B Reftes CifkabBorfil T
anplifier 1ladfntesiStptm®F qmdt Eﬁm nal 11c of a power supply decoupling
capacitor Cb. A resistorv§iffge VLOWURN QRevefoped] Mt 'kmld4l 2038PplVokagé age
V¥ of, for exa\;rﬁllaﬂ JféL 2developed at terminal 10lc. Voltage VCENT is
5 developed at a terminal 101d, between resistors R11A and R10A.
: A V/I converter 52 that is controlled by input data
received via bus BUS from microprocessor 17 of FIGURE la and
via a D/A converter 53 produces a D.C. current ICENTER of FIGURE
1b. Current ICENTER is coupled between resistors R6 and R7.
10 Current ICENTER provides adjustment of the average value of
signal VRAMP by adjusting voltages VLOW and VHIGH so as to
adjust vertical centering. The average value of signal VRAMP is
nominally equal to one-half the value of voltage VCC. Because
signal VRAMP is D.C. coupled to winding Ly of FIGURE Ic, a change
15 in the average value of signal VRAMP causes a comresponding
change in the vertical centering of the electron beam.
A V/I converter 50 of FIGURE 1b that is controlled by
input data received via bus BUS from microprocessor 17 of
. FIGURE 1a and via a D/A converter 51 of FIGURE 1b produces a
20 D.C. current IHEIGHT of FIGURE 1b that is coupled both to the base
and to the collector of a transistor QI, coupled in a diode
configuration. The base and collectors of transistor Ql are coupled
to the base of a transistor Q3 to control a collector current in
transistor Q3 that is equal to current IHEIGHT. The collector of
25 transistor Q3 is coupled to terminal 101b between resistors RS
and R6. Collector base electrodes of a transistor Q4 are coupled
together in a diode configuration and also coupled to the emitter
of transistor Q3 for supplying the current of transistor Q3. The
emitter of transistor Q4 is coupled via a resistor R2 to terminal
30 101a. The base of transistor Q2 is coupled to the base and to the
collector of transistor Q4. The emitter of transistor Q2 is coupled
via a resistor R1 to terminal 101a. A collector of transistor Q2 is
coupled to the emitter of transistor Q1 for supplying the collector
current of transistor Ql. .
35 Transistors Ql, Q2, Q3 and Q4 form a temperature
compensated current mirror arrangement. The sum of the emitter
_currents of transistors Q2 and Q4 that flow in resistors Rl and R2,
respectively, is supplied via terminal 10la and is equal to twice




-9- volts. A junction termnal 11d, coupled between windi ng Ly and
resistor R80, is coupled via a feedback resistor R60 l—@«an(~|—nye“""t|

input termnal. of anplifier 1la. .Term nal .11c . of reSISTQ.L:R&} I's \ oo
couwpl ed via.a reS| stor R30 to a noninverting |nput tE] nal of ‘ !

amplifier 1la. “In this way, a negativegfeedback vol tlade 3HlaﬂUL$996
devel oped across resistor R30 is appl i eg to the inputj tjerm nal s of

oLy e, 112 SRl st anal, VR R0 SnE TSt stbtn '
i nverting i nputtrassisiaralQ3af thempisi coapled Ita te‘v’nhnalgel()\rﬁc isseq@al couplreentvi a
a resi stor R10 fyeeidgrnon nverting input term nal of
The level of current IHEIGHT is controlled to establish
5 the required peak-to-peak amplitude of signal VRAMP of FIGURE
la by establishing the levels of voltages VHIGH and VLOW. An
adjustment of current IHEIGHT causes voltages VHIGH and VLOW
to change in opposite directions. - '
A change in current IHEIGHT produces a change in the

10 peak-to-peak amplitude of signal VRAMP for providing vertical
height adjustment without affecting vertical centering. For
“example, an increase in current IHEIGHT of FIGURE 1b causes
voltages VHIGH to decrease and voltage VLOW to increase such
that the average value of voltage VRAMP and the level of voltage

15 VCENT remain unaffected by the increase in current IHEIGHT.
‘This advantageous feature is obtained by selecting the
appropriate values for the resistors in arrangement 101 as well as
for the currents that are coupled to terminals 101a and 101b and
‘produced by transistors Q1, Q2, Q3 and Q4.

20 The level of current ICENTER is controlled via bus BUS
such that voltages VLOW and VHIGH change in the same direction.
For example, an increase in current ICENTER, made for service
raster centering adjustment, causes each of voltages VHIGH and
VLOW to decrease.

25 The values of the resistors in arrangement 101 are
also selected in such a way that the peak-to-peak amplitude of
signal VRAMP of FIGURE la remains approximately the same after
adjustment of current ICENTER of FIGURE 1b. Therefore,
adjustment of vertical centering does not affect vertical height.

30 Advantageously, the peak-to-peak amplitude of signal VRAMP
and the average value of signal VRAMP can be adjusted
independently of each other.

In deflection circuit 11 of FIGURE lc, deflection
winding Ly is coupled in series with a deflection current sampling

35 resistor R80 to form a series arrangement that is coupled between
an output terminal 11b of amplifier 11a and a junction terminal
11c of a power supply decoupling capacitor Cb. A resistor R70
couples to terminal 1lc a supply voltage V+ of, for example, +12



anplifier 11 a. Aresistor R20 is coupled between the noni nverting
input termnal of anplifier 11 a and ground. st ls
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is coupled via a parallel arrangement of resistors R40 and R50 to
the inverting input terminal of amplifier 11a. Voltage VCC is
10 coupled via a resistor R10 to the noninverting input terminal of
amplifier 11a. A resistor R20 is coupled between the
nonmvertmg input terminal of amplifier 11a and ground.
Resistors R10, R20, R30, R40, R50 and R60 are
manufactured, for example, on a common substrate to form a
15 single resistor network package for providing close temperature
tracking. Each of resistors R10, R20, R30, R40, R50 and R60 has a
- tolerance of, for example, 0.5%. Resistors R10, R20 and R30 form a
first portion of the resistor network for coupling voltage VCC and
the voltage that is developed at terminal 1lc to the noninverting
20 input terminal of amplifier 11a. Resistors R40, R50 and R60 form
a second portion of the resistor network for coupling signal
VRAMP and the deflection current indicative feedback signal at
terminal 11d to the inverting input terminal of amplifier 11d.
The values of the elements of arrangement 101 of
25 FIGURE 1b are selected in such a way that the average value of
signal VRAMP of FIGURE 1c is nominally equal to one-half of
voltage VCC. Assume that the voltages at terminals 11d and 1lc
are equal when the level of signal VRAMP is equal to one-half of
voltage VCC. Thus, the Thevenin equivalent, with respect to the
30 inverting input terminal of amplifier 11a, of the portion of the
circuit that includes signal VRAMP and resistors R40, R50 and
R60, is equal to the Thevenin equivalent, with respect to the
noninverting input terminal of amplifier 11a, of the portion of the
circuit that includes voltage VCC and resistors R10, R20 and R30.
35 Therefore, signal VRAMP that is equal to its average value or one-
half of voltage VCC, produces deflection current iy that is
nominally zero or close to zero. Signal VRAMP produces current



vol tage VCC. Assunme that the voltages at termnals | 1d and 11c are

equal when the | evel of signal VRAMP is equal to one-half of vol t age
VCC. Thus the Thevenin equivalent, wth respect to t oLV S 0 .
i nput term nal “of arrpllfler 11a, of the portion of th EEPfAEEMMB{\% o
i ncl udes 'si gnal VRAMP and resistors R40, R5 O2nd 0, is equal L‘o t he
Theveni n equivalent, with respect to the noni nver i g i Jiplutioer

of anplifier 1la, ‘the portion .t .that includes Itage-
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equal to its a\ampbaxd!ed ue or one- hal f of voltage VCC, produces

deflection current iy thighel Sontribuidi B8kt dtor&iflors 1066, R207%he- RSpuna!
produces current

to the Thevenin equivalent, with respect to the noninverting input

5 terminal of amplifier 11a, is the same as the contribution of each
of resistors R40, R50 and R60, respectively, to the Thevenin
equivalent with respect to the inverting input terminal. This is so,
because the resistors within a given pair of each of the pairs (R10,
R40), (RZO, R50) and (R30, R60) are of equal values.

10 Advantageously, because the resistors within each of the pairs are
of equal value, a closer or better match and temperature tracking
is obtained than if the resistor of such pair were of unequal value.
Such close temperature tracking occurs because, in the
manufacture process, it is more feasible to make a pair of separate

15 resistors having close temperature tracking coefficient, such as 50
ppm/°C, when they are of equal value. By establishing the
average value of signal VRAMP equal to one-half of voltage VCC,
the pair of resistors R10 and R40 could be made of equal value
resistors and also the pair of resistors R20 and R50 could be made

20 of equal value resistors. |

- Advantageously, because the resistors in each of the-
pairs are equal, common mode rejection with respect to a vertical
rate parabolic voltage developed at terminal 1lc of capacitor C6
due to current iy, common mode rejection ‘with respect to

25 variations of supply voltage V+ and common mode rejection with
respect to variations of supply voltage VCC are higher and less
temperature dependent. Thus, distortion and D.C. current drift in
deflection current iy are, advantageously, reduced, within an
entire operational temperature range of, for example, 0°C and

30 40°C. A change in voltage VCC due to, for example, a temperature
change, causes both the average value of signal VRAMP, that is
coupled to the inverting input terminal of amplifier 1la, and the
portion of D.C. voltage VCC, that is coupled to the noninverting
input terminal of amplifier 1la, to vary in the same direction and

35 approximately by the same amounts. Therefore, advantageously,
D.C. centering is made less dependent on variation of voltage VCC.

For the purpose of television receiver field adjustment
or factory adjustment, it may be desirable to collapse the vertical



Iy having approxi mately synmmetrical negative and positive peak

anpli t udes. ~ The contribution of each of resistors R10, R20
and R30. to the Thevenin equivalent, with respect to the noninverting
input 5 termnal of anplifier 1la, is the same. as the contributjon, of.
each of resistors R40, R50 and R60, respectively, to the Thevenin.

equi valent with respect to the inverting input termnal. This is so,
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because the rati%t glosente Hhg serticabfcamer ofi.the display scregp. equal val ue,; a
_ closer or better match @ndadcvrdanéd Witht aRcadpegt of the invention, a signal
SERVICE of FIGURE 1la that is produced in a bus interface unit 30
5 from input data generated by microprocessér 17 is coupled via
"OR" gate 20 to "reset" input R of flip-flop 12, during service mode
operation. Consequently, current IDRAMP is decoupled from
capacitor 14. Instead, signal SERVICE that is coupled to a control
terminal 3la of a switch 31, causes switch 31 to couple a current
10 -ISERV produced in a V/I converter 32 to terminal 18a of capacitor
' 14. V/I converter 32 generates current ISERV at a magnitude
that is proportional to a difference between signal VRAMP and
D.C. voltage VCENT produced in a manner that was described
before. As a result of the negative feedback via V/I converter 32,
15 signal VRAMP is established at a constant level that is equal to
voltage VCENT, when signal SERVICE is generated. Signal VRAMP
at the level of voltage VCENT produces a small or zero D.C. current
iy of FIGURE 1c that causes the vertical raster to collapse at the
vertical center of the screen of CRT 49. Thus, horizontal scanning
.20 produced by a horizontal deflection circuit, not shown, occurs
continuously at a vertical center of the display screen of CRT 49.
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i s obtained than if the resistor of such pair were of unequal value. .
Such cl ose tenperature tracking occurs because, in the .. ™ -mﬂgﬁ;a}’c;t]h\égi
process, it is nore feasible to nake a pair of separate 1 5 resistors 'j :
a

havi ng cl ose tenperature tracking .coefficient, such as 50.j m‘d%rr
when they are of equal value. By establisHiwg the vtraﬁgg T ue of
si gnal VRAMP equal to one-half of voltage VCC, t he|pal resistols
R10 and R40 coul d be made of equal val ue - resistors|and al so the pair

of resistors WHATAIS GRAIMEDdShe made 20  of equal val be—tesi-stors:
Advant ageous|y, becausq thg r\ﬁaéét&’ikgldf detfeliidh GBparatus, cBﬁ{aﬂﬁ%ﬁg? equal ,
common node rejection with re(fpect t v§rt|cal rate pdrabolic

vol t age devel oped at t & FRHdel 18y otubea 420t or Co due to current iy,

comon node rejection Wi tsawtesfiecierderattly (14d18)afoongeneratdngphy vol tage V+
a0, COMon kSR SpaR Wilamey, " espect 1o variall ons of suppy
distortion and D.C. cura gleflegtiont circuit amplifier (11a) responsive to said
sawtooth signal and coupled to a vertical deflection winding (Lvy)
~ that is mounted on a neck of said cathode ray tube for generating
a vertical deflection current (iy) in said deflection winding in
accordance with said sawtooth signal, said deflection current
periodically varying a pdsition of a beam spot on a screen of said
cathode ray tube in a vertical direction, during normal operation;
characterized by ,
means (17,31a) for generating a service mode control
signal (SERVICE); and ' '
means (32,31) responsive to said service mode control
signal for disabling the vertical position variation of said beam
spot and for applying a signal (VCENT) that is indicative of normal
. operation vertical centering to said deflection winding to
vertically center said beam spot.

2. An apparatus according to Claim 1 characterized in
that said deflection circuit (11a, Ly) forms a D.C. coupled

deflection circuit with respect to said sawtooth signal (VRAMP).

3. An apparatus according to Claim 2 characterized in
that said vertical centering indicative signal . (VCENT) is D.C.
coupled to said deflection winding (Ly) via said sawtooth
generator (18) when said service mode control signal (SERVICE) is
generated.

4. An apparatus according to Claim 1 characterized in
that said vertical centering .indicative signal (VCENT) is coupled to
said deflection winding (Ly) via a signal path formed between an

input (inverting input terminal) and an output of said amplifier

o NN




defl ection current iy are, advantageously, reduced, within an entire
operational tenperature range of, for exanple, O[lerr]Cand 3 0 40[err]C

A change in voltage VCC due to, for exanple, a tenpgr r

causes. both the average val ue of signal VRAMWP, thatTmls ﬁ%&gﬁiﬁggnio t he
inverting input termnal of anplifier 11 a, and the RE af I C
voltage VCC, that is coupled to the noni¥erting | nput term nal of
anplifier 11 a, to vary in the sanme direction and 3 5 approximtely by

t he sane anpunts. TISERNICE SWIRCGH tEQR EDEQ - D.C. centering is nade
| ess dependent on vRISRLAW REFLRECTEION: ARRARATUS For the

pur pose of television receiver field adjustnent or factory

adjustnment, it may be desirable to CO'ABST?A@ verti cal

A sawtooth signal generator (18) of a D.C. coupled

vertical deflection circuit is responsive, during service mode of

5 operation, to a first signal (VCENT) at a D.C. level that is indicative
of vertical centering. During the service mode operation, the
generation of the sawtooth signal (VRAMP) is disabled and,
instead, the generator generates a D.C. signal (at output of 18) that
is D.C. coupled via a vertical deflection amplifier (11a, Fig. Ic) to a

10 vertical deflection winding (Ly) in a manner to position an
electron beam at the vertical center of a display screen.

FIGURE la
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that is proportional to a di ff erence between si gnal VRAMP and D.C

vol tage VCENT produced in a manner that was descri bed

before. As a

result of the negative feedback via V/I converter 32, 1 5 signal VRAMP is

established at a.constant level that is equal to vol
signal SERVICE is generated. Signal VRAWVP at the lev
VCENT produces a small. or zero D.C. cur2gat iy of FI
causes the vertical raster to collapse at the vertic
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screen of CRT 49. Thus, horizontal scanning 2 0 produced jy] a hori zont al

deflection circuit, not shown, occurs conti nuously

a verti cal

center of the display screen of CRT 49.
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-12- VWHAT |S CLAIMED I S: 1. A video display~defleacti. . \
apparat us, conpri sing: a cathode ray tube (49 R}IP EN] % ET
sawt oot h generator (14,18) for generating a sawtooth sigpha m—— ‘
a deflection circuit anplifier (1la) responsive to said
coupled to a vertical deflection wnding (Ly) that is no
sai d cathode ray tube for generating aygftical deflecti.
in said deflection winding in accordance with said sawto
defl ection current periodically varying a position of a
screen of said
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. st
cathode ray tube in a vertical direction, during normal operation;
characterized by means (17,31a) for generating a service node
control signal (SERVICE); and means (32,31) r lve to said
service node control signal for-disabling the vertical '
of said beam spot and for applying a signal (VCENT) thatf i
normal operation vertical centering to Jeid deflection W
vertically center said beam spot. 2. An appgr at

& abiloaggng

Claim 1 characterized in that said deflection circuit ( forns

D.C. coupled deflectidn circuit with respect to said s ooth sig

( VRAMP) . 3. An apparatus according to d ai terized ifn
iy

that said vertical certering indicative Signal (VCENT) is D. C
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u sai d i Yalell S9¢02334.4t oot h generator (18]
\?\ﬁmservi §§mm{mﬁgn%ﬂ“ﬁd@°@) I's generated.

paratus according to CI ai m 1 char acterl zed in that said vertical

dafl act R AAL nrl nn

Al A
C ogrrar— V\/EIVI) s qulJl et o—sSatt—aetiect+-ohR—n
e(#fft %FMMWforned between an input (inverting input term nal) _

and an out put of sai d anplifier (18).
SERVICE SWITCH FOR VIDEO.DISPLAY DEFLECTION APPARATUS

A sawtooth signal generator (18) of a D C. coupled vertical deflection circuit is responsive,
during service mode of operation, to a first signal (VCENT) at a D.C. level that is indicative
of vertical centering. During the service mode operation, the generation of the sawtooth signal
(VRAMP) is disabled and, instead, the generator (18) generates a D.C. signal (at output of 18).
that is D.C. coupled via a vertical deflection amplifier to a vertical deflection winding (Ly) in
a manner to position an electron beam at the vertical center of a display screen.

Fig. la .
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