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The invention relates” to a sawtoo

deflection arrangement in a video apparatus.

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
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). _

To produce the deflection current, the sawtooth signal
is coupled to a vertical deflection circuit output stage. One typical
output stage is of the switch vertical type, such as described in,
for example, U.S. Patent 4,737,691, in the names of den Hollander

i gnal . The
generator 0

et al., entitled "TELEVISION APPARATUS FOR GENERATING A

‘Berland et al.

PHASE MODULATED DEFLECTION CURRENT". Another typical

output stage is of the non-switched type, such as described in, for
example, U.S. Patent 4,686,432 entitled "VERTICAL DEFLECTION |
CIRCUIT FOR ELECTRON BEAMS IN PICTURE TUBE", in the names of

The sawtooth generator may be 1mplemented in an
integrated circuit (IC). It may be desirable to utilize the same
type of IC for generating a sawtooth signal to drive either a switch
vertical deflection circuit output stage or a non-switched vertical
deflection circuit output stage. This feature provides a greater
flexibility in the range of usages of the I.C. However, a longer
retrace ramp portion of the sawtooth signal may be required
when switched than when nonswitched vertical deflection circuit
output stage is driven by the sawtooth signal. ' Therefore, it may
be desirable to control the length of the retrace ramp portion of
the sawtooth signal under a control of a microprocessor that may
control other functions in the I.C.

In a video display deflection apparatus, embodying an
aspect of the invention, a sawtooth signal at a frequency that is
related to a deflection frequency having a trace portion and a

o
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portion “of*t4® sawt ooth signal controls a_trace portlon of a vertlcal

defl ection current ‘that produces verti cat2defl ection in a cat REA 39,719
ray tube (CRT). To produce the deflection current, the
saw oot h si gnal 15 is coupled to a vertical deflection circuit out put
stage. One teipacel portion isogenenated. ageAléataf signalsapntaining tinfermatjpe, such

as descri beghgis 1ndlcat1\fe1°rofeéﬁ¥9|ﬂ[ h of EEE@}%{B&\] ‘bo?gﬁRg ﬂefﬁé%dN.Eggﬁ_ls N(()Bf

den Hol | and
st tR‘I@B BEFEE@YPW CU!QM?“’" ARotther data, s&&qla out put

Stage i's 0 eneraies- @W!dlﬁflﬁd $ ﬁgmﬂ fau@@nmmﬁggrmbadcmmanterw:th the
exanpl e, Pat ent CIRCUT

tl VERTI CA
For BL ESTRARPS AT BB Tt Bfthe Rrack. Bosfigt. oA detlechiop, ety o
The sawt oot butpute stager isesespensivel ¢oethesdawtoath sxgﬁal ifor egendratingi acui t

(o at o BeBESHER LBk o el R Ging, payhs deuie’>
portion that is determmed in accordance with the data signal to
form a raster on a screen of the cathode ray tube.

10 FIGURES 1a, 1b and Ic illustrate, a vertical deﬂectlon
~circuit, embodying an aspect of the invention; and :
: FIGURES 2a-2d illustrate idealized waveforms of the
arrangement of FIGURE 1.

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

15 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
detector of a television receiver, not shown, that processes a

, television signal conforming to the NTSC standard, for example, is

20 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, lc and 2a-2d
indicate similar items or functions.
Pulse signal VRESET of FIGURE 1a is coupled to a "set"

25 input of a Set-Reset flip-flop 12 causing flip-flop 12 to change

o - states. Consequently, an output Q of flip-flop 12 produces a

\\j leading edge LE of an output control signal 112a. Leading edges of

signals VRESET and 112a occur at the end of a given vertical trace
interval and initiate vertical retrace. Signal 112a is coupled to a

30 control terminal 13a of a current switch 13. Immediately after
leading edge LE, signal 112a causes switch 13 to couple a D.C.
current IDRAMP to a junction termmal 18a of an integrating
capacitor 14 that is fabricated usmg an integrating circuit (IC)
fabrication technique. '

35 Current IDRAMP is produced in a voltage -to-current
(V/T) 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'.i's supplied via a bus BUS from a

(.’hf\g . '
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signal VRAMP of FIGURE 2b. Terminal 18a of capacitor 14 of
FIGURE 1a is coupled to an inverting input termmal of amphfier
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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
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

itffer, 18 §erdop oo sighit*yRAME, § sBUEHLT: O

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.
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 1s decoupled from

" capacitor 14 by switch 13.

In accordance with an aspect of the invention, a
magmtude 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 portion RETRACE
of signal. VRAMP. For 'e'xample, in an arrangement similar to that
of FIGURE la, intended for controlling a switched vertical
deflection circuit, not shown, V/I converter 15 may be

programmed to produce current IDRAMP of a smaller magnitude

than in FIGURE 1la. 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 made _
~ adaptable for operation with either a switched or non-switched

vertical deflection circuit.

t he
control
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A data signal contai

- 2- retrace portion is generated.

I nformati on that is indicative of a?’ength of the retracgiéér@@ﬁsgis
gener at ed. ~ A digital -to-anal og converter responsive to the data si gnal
generates a control sjgnal, for, co ,. .1.n accordance '

data signal, the IengPFP‘GFiefihg‘atte?!ea g‘lelgho ’(Eé!ai Bﬁﬁé’gl? Ult

out put st agEI(BEJRESmmlsherfeﬁ thhn theWengt Bﬂiori RETRXCE! bf\ @ignal

he .def | [
Chat 1o dot TRARE, b pecisE ri*iﬂéa‘)t%ﬁ%ehailesé‘!%dgﬁapfr jendl VRESEL ol or
on a screenispfadvantagedusdy, moy critical.1 The advantage of RicBUBERg aritidaland 1c
Il lustrate, 1saél‘{§tr iriflg ddne?atorC10 that & "fedulired TOP Y R s8ih A BRI OF the

i nvention;
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
picture mode. _

10 A D.C. current JURAMP 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

{ ramping trace portion TRACE of sawtooth signal VRAMP of FIGURE

15 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
~voltage VAGC, the smaller is current [IURAMP. An AGC strobe
20 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
horizontal video line or 64 microseconds. During the occurrence of
25 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
maintains its voltage approximately at a constant level to provide
sample-and-hold operation. The magnitude of current IOUT is
30 controlled in converter 23 is proportional to a difference between
signal VRAMP and a reference voltage VHIGH, that is produced in
a manner described later on.
During a given trace interval, should the magnitude of
signal VRAMP be smaller than voltage VHIGH when strobe signal
35 "AGCSTR occurs, current IOUT would be positive and at a
magnitude that is proportional to the difference between voltage
VHIGH and signal VRAMP. Positive current IOUT causes a
decrease of voltage VAGC in capacitor 22. Consequently, in
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FI GURES 2a-2d illustrate idealized waveforns of the arrangenent of

FI GURE 1. FI GURES la, 1bgand 1c illustrate, Al &g y1an
block 1 5 diagram form a vertical defl ect ion circuit, enboge(’ng an
aspect of the invention that includes a sawt ooth generator 100. A

synoh oni 2! gt SYNEcdll e Tnfbyaled” oEBRP! FURAMEPISfouig. peiot ot o

of a televi ecei ver, not evl si on
signal conf Bﬁ’h tbﬁe"ﬂiﬁsﬂf éﬂﬁﬁ‘é&?dOf fSésn%lxé/r%Aé'leogbd bo greaterio a

vertical tithdig lefors airprahjrﬂannéiertbr %bﬁtipcs?n%awrl‘@)”ratlﬁlaforern%t)ft‘ii@)hbkicgI rate
urer ar s 1 nienenREsof 5iengl YRAMF 39 ba Snaller fhaporedredi ar 1 tons or
functi 9r55 _ Conversdfl’yl ssehomﬂ@rﬁie Mifgitude of ﬁgﬂillVRAMRthwt gd to
change  \azb8f fhaf ydl @%ﬁfﬁh - ehh, 4R pefsr 8 il ACCSTR saices a
| eadi ng edgecewsofcumenut AMPB riol the gsuabseqnent verticahdtracgies of
intervals, would be smaller. Thus, the AGC feedback loop causes
- the magnitude of signal VRAMP to be at the same level of voltage
10 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
is fully discharged. Capacitor 22 is coupled to voltage VCC.
15 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
excessive. [Excessive amplitude of signal VRAMP could cause -
- 20 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
center of vertical trace portion TRACE and as close to the end of
25 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
signal AGCSTR is generated is, for example, at the maximum
feasible length. The upper limit as to how late in the cycle of
30 signal VRAMP, signal AGCSTR can occur, is determined by the
minimum required | length of the vertical cycle of signal VRAMP.
Illustratively, signal AGCSTR is selected to occur after an interval
T, having a length of 80% of the nominal vertical period V, has
elapsed from the ti‘ailing edge TE of signal 112a, as shown in
35 - FIGURE 2. : '

P

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,
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signals VRESET and 112a occur at the end of a given vertical trace

interval and initiate vertical retrace. Shgnal 112a is coupl eRCA 80@19
control termnal 13a of a current switch 13. |Inmediately after

| eadi ng edge LE, signal 112a causes switch 13 to couple a D.C. current
| DRAMP to aheurelative centribation8ef oéffset iemrargr ta icantrol accapmyi tisr 14 t hat
Is fabricat NG, | ™y | o] hni que.
35 fedue i rtEE e ﬁtﬁ*ﬁ?‘# fn, Wifibh gignal WOCETR Bobiis! |
(VI'1) convdioregxample;aat |tﬁn%dﬁ*NTE d dy el@ma@@ \m_ameousb’,pﬂoduced in

a digital -ttﬁo?é\fdc@ﬂrét@/éﬁnﬁ@ﬁbﬁrélgﬁallisANl‘P & FIGURE 1a ¢ Be' nput to DA
convertgr 6b£a1nelcjlpp| ied via a bus BUS froma -

73

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 lc
that includes a vertical amplifier 11a for producing a vertical
10 deflection current iy in a vertical deflection winding Ly. Wmdmg
Ly of FIGURE 1c provides vertical deflection in a CRT 49. .
Advantageously, D.C. coupling eliminates the need for a large A.C.

o coupling capacitor and eliminates a dependency of linearity and S-

‘\/f correction on the coupling capacitor characteristics.

15 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

20 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 101lc 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

25 coupled between terminal 101b and ground. A second series
arrangement of resistors R11A and R10A is coupled between

N terminals 101b and 10lc, in parallel with the series arrangement

of resistors R7 and R6.
Voltage VLOW is developed at termmal 101b. Voltage
30 VHIGH is developed at terminal 101c. Voltage VCENT is
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
35 1b." Current ICENTER is coupled between resistors R6 and R7.
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
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-3- m croprocessor 17. M croprocessQr -17 may additionally control
various adjustment functions, not shown, -i/m the tel evision recBGAr86,719
such as S-shaping and East-Wst correction. A second end term nal 18b
of integrating capacitor 14 is coupled to an output of 5 an anplifier 18
where a sawf@sain gﬁﬂﬂﬂ/Ml\Mﬁ?'ilaygrﬁ@ atalue of volwager ¥€ECi DRevAUSSr s a

(e oL GINRAR i vt o wRELYACONS B2% S

i nput term ARl thSr AEEASS i¥% éﬁ}“e of signal, k’%&ﬁ‘é CANSCENR Wﬁfﬁﬂ?% Rg 10

Si gnal VRAMehahgé€l {fiRhel gerticall sonweiny &sf tihe celectronndBamyerting i nput

term nalgof a comparatlQryhd LH3nef S BIGURE '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
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 -

10 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
transistor Q3 is coupled to terminal 101b between resistors RS

_ and R6. Collector base electrodes of a transistor Q4 are coupled

15 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
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

20 via a resistor R1 to terminal 101a. A collector of transistor Q2 is

~ coupled to the emitter of transistor Q1 for supplymg the collector
current of transistor Ql.
- Transistors Q1, Q2, Q3 and Q4 form a temperature
compensated current mirror arrangement. The sum of the emitter

25 currents of transistors Q2 and Q4 that flow in resistors R1 and R2,

= respectively, is supplied via terminal 10la and is equal to twice

AU - the value of current IHEIGHT. 'Whereas; the collector current of

transistor Q3, that is coupled to terminal 101b, is equal to current
THEIGHT. |

30 The level of current IHEIGHT is controlled to establish
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 dlrectlons | .

35 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
eet Has Been ReplacedTr
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| evel of signal VRAMP during portion RETRACE to deternine an end_tine

of portion RETRACE of signal VRAMP. An inveérting input t G 80, 6k9

conmparator 19 is coupled to a source of a D.C. 15 ref erence vol tage VLOW
nner, di scussed | at.er..on. An out put term nal

h d

aggt o:‘ chﬁggﬁr’ %gﬁ"s I@i@ﬁd@p%@e@% and voltageo¥LQW ctopingrgase "sushet " i nput
R of }‘I IV EA fthap the averaged value of voWhge V@AMP%%& tt{lér lesiét r@ﬂ"tvdlﬂv@g:\/rage

s, do s ha
WO 20 VSENT, FaMaTn R eaRga s ifkredi im Opmant LHERAY, 011 50°1,
to change sThissadwantagequsodeatureais cobtpined) by selectinggttedge TE of o 14
or

signal Fl2a,ndiyprfiabt @ﬁ]ue%“rf&te”l{hel RGO Jgnlfeﬁ?ﬁﬁ&qeﬁgoﬁt a8 \&%@aﬁk

by switch 1 accor ce W an a

i nvention, forothe cumgantsydbatfare eoupled tRaterminals d@rlarrﬁadl d01bn and
accor dance producéti! By t #8ndistdts Ol, (2 ita input to D/ A converter

égT]ICR’ZE:E providi ngﬁ]gelervg fof §€n€§tt %ﬁ?\lﬂiﬁ fs ?:trmtlrg gct:l hv1(z)1f bﬁg rﬁ{]%n
such that voltages VLOW and VHIGH change in the same direction.

10 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
15 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.
 Advantageously, the peak-to-peak amplitude of signal VRAMP
and the average value of signal VRAMP can be adjusted
20 independently of each other.

In deflection circuit 11 of FIGURE 1c, 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

25 1lc of a power supply decoupling capacitor Cb. A resistor R70
s couples to terminal 11c a supply voltage V+ of, for example, +12
;,\Jf volts. A junction terminal 11d, -coupled between winding Ly and
resistor R80, is coupled via a feedback resistor R60 to an inverting
input terminal of amplifier 11a. Terminal 11c of resistor R80 is
30 coupled via a resistor R30 to a noninverting input terminal of
amplifier 11a. In this way, a negative feedback voltage that is
developed across resistor R80 is applied to the input terminals of
amplifier 11a. Sawtooth signal VRAMP that controls amplifier 11a
is coupled via a parallel arrattgement of resistors R40 and R50 to
35 the inverting input terminal of amplifier 11a. Voltage VCC is
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.
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of signal VRAWVP. For exanple, in an arrangenent simlar to that of-
FI GURE 1a, intended for controlling a sw9ehed vertical 3 0 dRCAct§&QW19
circuit, not shown, V/I converter 15 may be programed to produce
current | DRAMP of a smaller magni t ude than in FIGURE la. In this way,
portion RETRACE is | eRgsistorsd Rl R20,. l&ﬂbvﬂ40nltﬁ(blaad Ri6Bearen Fl GURE 2D,

rnﬁ'nai'wvfcthgﬂ*ver%‘. b, Tor eramBl.; O ar Faniion Aibustete G Yo 4 Dt 1.
Thus, retrasi@igle resistori mtwemmg%u@ralprvmgotlmmmmam be made
adapt abl e f ghcRiRY, atEfdh ‘Uftl*ésﬂtéﬂeklﬂ R2O,C RS0, R4OLR5DVah8"REBO has a
verti Cal5 de{cllglga{n'c%nof for example 0.5%. Resistors R10, R20 and R30 form a
first portion of the resistor neétwork for coupling voitage VCC and
the voltage that is developed at terminal 11lc to the noninverting
input terminal of amplifier 11a. Resistors R40, R50 and R60 form
a second portion of the resistor network for coupling signal
10 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
. FIGURE 1b are selected in such a way that the average value of
\\\ﬂ ' signal VRAMP of FIGURE lc is nominally equal to one-half of
- 15 voltage VCC. Assume that the voltages at terminals 11d and llc
‘are equal when the level of signal VRAMP is equal to one-half of
voltage VCC. Thus, the Thevenin equivalent, with respect to the
~ inverting input terminal of amplifier 1la, of the portion of the
- circuit that includes signal VRAMP and resistors R40, R50 and

20 R60, is equal to the _Thevénin 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.
Therefore, signal VRAMP that is equal to its average value or one-
half of voltage VCC, produces deflection current iy that is

25  nominally zero or close to zero. Signal VRAMP produces current

o - iy having approximately symmetrical negative and positive peak
N ~ amplitudes. _
The contribution of each of resistors R10, R20 and R30
to the Thevenin equivalent, with respect to the noninverting input

30 terminal of amplifier 11a, is the same as the contribution of each
of resistors R40, RS0 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.

35 Advantageously, because the resistors within each of th_é 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

<
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Provi ded that the pul se width of signal VRESET of FIGURE la is shorter

than the length of portion RETRACE of si.gr(ad VRAMP, the pREA 56,719

timngs of the trailing edge. of signal VRESET i's, advantageously, not
critical. The advantage of not being critical 5 is that timng generator
10 that is muthederOprwsseesw1@gnttsrbhfeas1blmQ05hfakéaad aitd of t sephrate sync

srane SVACEERA WO, bl coapo S SR A AOSTORRE s SO
freeze- fr anppm/°€}, i when the)plareuobaqndb vdlae. By estabhshmg [he:: current
L R A LAV oyl 38 S of TGS r0C
| URAMP that the painfegesistors R10 and R40 could be made of "equal value
resistors and also the pair of resistors R20 and R50 could be made
of equal value resistors.
Advantageously, because the resistors in each of the
pairs are equal, common mode rejection with respect to a vertical
10 rate parabolic voltage developed at terminal 1lc of capacitor C6
~ due to current iy, common mode rejection with respect to
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
15 deflection current iy are, advantageously, reduced, within an
entire operational temperature range of, for example, 0°C and
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 11a, and the
20 portion of D.C. voltage VCC, that is coupled to the noninverting
input terminal of amplifier 11a, to vary in the same direction and
_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
25 or factory adjustment, it may be desirable to collapse the vertical
sl raster and to establish the electron beam in CRT 49 of FIGURE Ic
N at or close to the vertical center of the display screen.
A signal SERVICE of FIGURE 1a that is produced in a_
bus interface unit 30 from input data generated by
30 microprocessor 17 is coupled via "OR" gate 20 to "reset” inpuf 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 31a of a switch 31,
causes switch 31 to couple a current ISERV produced in a V/I
35 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
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term nal 18a of capaci tor 14 charges capacitor 14 to produce a anpi ng
trace portion TRACE of sawtooth signal VRAAMP of FI GURE 15 - 2bRCIA1e86 719
magni tude of current | URAMP of V/I converter 21 of FIGURE la is
controlled in an automatic gain control (AGQ - feedback | oop by.a -

vol t age VAGthe deegatiyredeadback wiacMfficconversex. 32, s1gnafb|VRg°dVI\BAGs: control s

converter 2 a i he snal | er
is current J’ﬁ%@w@"kﬂ at t&r%%oﬁgfagnt 8“ tHSt 1§ e%\l{g&sﬁo\é t%%%up td a:control
term nal 24ahsn signgli SERWICE is generate Signa} the slewloeﬁced in

vertical ti mge VCENweﬁﬂwce& al Sl %e ie?otlbec eaﬁlneﬁt Yprof Fm}UREce
Si gnal wi.dth that is

exanpl eA§5CS'Iic ?ﬁa‘hSPPi%ttHE VFGE‘E?II r%é% OGQOHPEEFJ%LQC%Q‘%IB?}PP trf‘}'ﬁ% ror |
OC\C/;J:‘ rence of the sctuenpufs(éRdT @Lgriglhusbxmibntal manﬂ?tg Ip%ﬂuc@tﬁrtfyizat ed in
?)Jt si de h%i]&\f/&{t% eﬁe&.ﬂr@n%?%et Hét aﬁhaovzxm’of&g éio(}',&%ﬁw étpém tor 22

mai nt ai ns i vertieal: ggntexpof dhe ndisplay acr@emmﬁsCRﬁl‘ ®vel to provide |
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" converor 28 MANMIDMRINEIT 5% 6 rfence betveen ' ° elgde.uane. O

and a reference *voft alye M/HISGH* that is produced in a manner descri bed

| ater on. - During a given trace interval, should the

magni t ude oPYHAT ISCLAIMERASS be smal | er than vol tage VH GH when strobe

si gnal E’;} 5 ﬁ\GCSTR occqrstAcu,ria@@tdlls A ff h ta}vétéﬁ ﬁq“gﬁgﬁ‘g- v
magni tude that is propor i 0 | eren

VH?GH and signal VRAVD? ?251 ud 9%rﬁeqe€ﬁf“8aﬁs§%wﬁ)°th Slg"@gcrease of

vol tage VAGO/RANHﬁamtmrfréQueﬁ;nsrhaualttelatech to a deflection frequency

having a trace portion and a retrace portion such that from a

beginning time to an end time of said retrace portion said

sawtooth signal varles in an opposite direction with respect to said

_trace portion;
means (16, 17) for generatmg a control signal

(VRSLOPE) that is indicative of one of a length and a slope of sald

retrace portion;
means (15) responsive to said control signal and

coupled to said sawtooth signal generating means for selectively

Lo controlling, in accordance with said control signal, said one of said
length and slope of said retrace portion;

a cathode ray tube (49);

a deflection winding (Ly) mounted on a neck of said
cathode ray tube; characterized by

a deflection circuit output stage (11a) responswe to
said sawtooth signal for generating a deflection current (iy) in said
deflection winding having a retrace portion that is determined in
accordance with said control signal to form a raster on a screen of
said cathode ray tube.

2. An apparatus according to Claim 1 characterized in

| that said control signal generating means . ( 16, 17) comprises a

- ~ microprocessor (17).

N 3. An apparatus according to Claim 1 charactenzed in
that said deflection winding (Ly) comprises a vertical deflection
winding. , '

4. An apparatus accordmg to Claim 1 characterized in -
that said sawtooth generator comprises a capacitor (14), a source
(21) of a first current responsive to said control signal and
coupled to said capacitor for generating said sawtooth signal in
said capacitor, wherein a magmtude of said first current
determines a rate of change of a voltage in said capacitor, dunng
said retrace portion.
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subsequent verti cal trace intervals, -curjr_e.nt | URAMP woul d be ROy l%;fgf% 7
and the rate of increase of signal VRAMP woul d be greater {: r‘$ re

in a manner to conpensate for the aforenentioned t endency of signal
VRAMP to be snaller than required. : Conversely, should the
magni t ude of si gnal VRAMP be vol tage VH GH, when the pul se

of signal AGCSTR Theclength coff tlmlretrb!ﬁw\@rtmn (RETRA)@EL)U@FITa verti cal
trace V@lttfcra‘laﬁaivt R%ﬁ?ﬁ% @A%Pt)ﬂgu%on{%ﬁg@e v g;edback | oop causes

t he magni tude of si gn he sarne vol tage 10
VHI GH, whenMd€rQpIecessprall ACShR this uvay, ithe ssameytypeatof an integratedt i on,

the pol &ri ta’lr@ﬁltcﬂﬁéte'i'ﬁclh@‘é'sr m@%ﬂﬁoéfhtéﬁ)e‘iﬁi&%aﬁf be used foff Pul se of

si gnal AGCSTR, as. sho
9 generating t sawtooG}'iJ 51gna1 required either for a switch or a

non-switch vertical deflection circuit output stage.

10" FIGURE la
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| medi ately after the circuit | RcaNgEgi7aed, capacitor 22 ~ is fully ;?
di scharged. Capacitor 22 is geupligdetQcu@alzage VCC. idSheet aeBadn®eplaceidn
power turn-on, voltage VAGC i s ggudak t0o¥0lgt age npl i t-ude
of ranp signal VRAVP is at a m nimum or zero. ; 2 been
coupled to ground, instead, the anplitude of si at power
turn-on m ght have been excessi ve. Excessive anplitude of signal "
VRAMP coul d cause 20 excessi ve deflection current anplitude. The result
coul d be that the el ectron beaqtln CRT 49 | d i ipepd ck of
CRT 49 and damage CRT 49. = | grfal JAGCSTR is nmade to
occur further fromthe center ¢E vertical trhce pdrtioce TRBACE gnd as
close to the@@d of 25= vertical trate as feasibl eXTn\t#js—wag the.
| ength of anwnterval = bet ween t&He instan c'.f_gi gnal
VRAMP i s . establighed to be equaE to vgift i'ngbant when
si gnal AGCST@S s generated is, for ex@nple, =gt \ >
. = =
— = = ¢ e
w = - S=—"=Z| | ==
] Z g ; A = -
TS 2 = =1+
= 1Y = = =
] 1
kx,é = = = //
‘ ~— == <=
= > r = =
-t
=T\
° - [~
T —
= —_
= ==
= b
=
= [ = =
! I e - =
= w
= = 7=
= = et
= | ==
| g[ - ==
L - = e%
' ==t = ==
R B+ B o= 'I_I"
= = N | ==
— s o
= —r = =| S5
= —(—| —n |
/ ==
- =E=
=
= 7 ?

/’”

MICROPROCESSOR
+




feasible I ength. The upper |inmRCAasBGo7hdw |late in the cycle of 30

si gnal VRAWP, si gnal AGCSTRamigranrCavaze®t er ni ned by t he -m ni num
required length of the verticalShyat e o#fségnal VRAWP. :
Illustratively, signal AGCSTR is selected to occur after an interval

T, having a length of 80% of the nomnal vertical period V, has

el apsed fromthe trailing edge TE of signal 112a, as shown in 3 5 FI GURE
2cC. A tinme CENTER occurs at the center of portion TRACE
At, atine that is further away fromtine CENTER of FlI GURE 2b, t he
| evel of signal VRAMP is close to its peak value. Therefore,

S VHIGH = 50
N !
YEENT = 1/2 40
- VLOW =~ 21
™ 120k [T~ HEiHT
It
/A /]
- JRLLAS
50 =
>~ = ICENTER —T] 75 A
1T —
L w
noo= oy N

FIG. 1b
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-6- ~the relative ContrRBHEHBHeQﬂCQ?B§%% errors to control accuracy is -
reduced with respect to a situatkfRekN3WhisChh signal AGCSTR occurs, for
exanple, at time CENTER It follows that, advantageously, a nor e
accurate control of signal VRAMP of FLGURE la can be 5 obt ai ned.

Signal VRAMP is waveform corrected for providing S shaping, in a
manner not shown, and D.C coupled to, -for exanple, a D.C. coupled

| i near vertical deflection circuit 11 of - FIGURE 1c t hat. i ncludes a
vertical anplifier 1la for producing a vertical 10 deflection current iy
in a vertical deflection wi nding Ly. Wnding Ly of FI@G3IRE 1c provides

vertical deflection in a CRT 49. Advant ageously, D.C. oupling
elimnates the need for a large A C ) +
. e
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coupl i ng capacitor and elinin tggcé 86 8ﬁ§ency of linearity and S-
correction on the coupling caga f SP"Eg %é‘?‘@lsl StICS 1 5
FIGURE I b illustrates an arrangefmBffs1

A HepRESST!
VH GH, and VLOWof FIGURE la, referred to bef or rat| ng
a voltage VCENT that is used for ~vertical center 1“ l ‘N‘E

pur poses, as expl ained | ater on. - Arrangenent 101 SIStOI’
RO having a termnal that is 20 coupled to a supply voltage VCC of 7.7
volts. A second term nal, - 10l1a, of resistor RO is coupled to a
resistor R8. A termnal 101lc of resdstor R8 is coupled to a series
arrangenment of resistofs R7 and _R6.\ The series arrangenent of

.~"betweer terninal |101c 4nd a terni nal
101b. A resistor Rg—+s 25 co-pl'é ween (term nal_,101b afjd ground. A
second series [ ange Si stors R11A arz@ R10A ifs coupl ed
bet ween termngl b 101b and 10 n.pdral ISbI \Eth t he [series

5

ar r angenent of Irpsi stors R7 ar'rdg?G g <C
i S

™

resistors R7 and R6 isfcoupled

1H
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resi st

aver age val ue of
so as to

VRAMP i s

REPLACEMENT S
;:ﬁmcnmomem doé’ﬂ‘?de" lm nal 101b. Vol tage é/HI%H is

1y OU

Chaint(e) i ngage_d.\ 4o ppgad! "VCENT is develsoped at a terminal
101d,” begvidriwingls) s pages ik]t&ﬁpa&d}k OA. _ A VIl converter 52
Absteact ed: Ltd pab 2 ! recei ved via bus BUS from

10

15

20

25

30

35

cessor 17 of FIGURE | a agﬂ; - a a DA converter 53 produces a
D.C c rr e _ R l

5 |b. Current |CENTER is bet ween
IR RAWTOIEH SNALCITE SECBTABEE

: ) ' A ¥ DIAPRARATUISY and VH GH

adj ust vertlcal center| ng The average val ue of signal

The invention relates to a sawtooth generator of a
deflection arrangement in a video apparatus.

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
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).

To produce the deflection current, the sawtooth sxgnal
is coupled to a vertical deflection circuit output stage. One typical
output stage is of the switch vertical type, such as described in,
for example, U.S. Patent 4,737,691, in the names of den Hollander
et al., entitled "TELEVISION APPARATUS FOR GENERATING A
PHASE MODULATED DEFLECTION CURRENT". Another typical
output stage is of the non-switched type, such as described in, for
example, U.S. Patent 4,686,432 entitled "VERTICAL DEFLECTION
CIRCUIT FOR ELECTRON BEAMS IN PICTURE TUBE", m the names of
Berland et al.

The sawtooth generator may be implemented in an
integrated circuit (IC). It may be desirable to utilize the same
type of IC for generating a sawtooth signal to drive either a ‘switch
vertical deflection circuit output stage or a non-switched vertical
deflection circuit output stage. This feature provides a greater
flexibility in the range of usages of the I.C. However, a longer
retrace ramp portion of the sawtooth signal may be required
when switched than when nonswitched vertical deflection circuit
output stage is driven by the sawtooth signal. Therefore, it may
be desirable to control the length of the retrace ramp portion of
the sawtooth signal under a control of a microprocessor that may
control other functions in the I.C.

In a video display deflection apparatus, embodying an
aspect of the invention, a sawtooth signal at a frequency that is
related to a deflection frequency having a trace portion and a
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=7 nom nal ly equal to one-half the value of voltage VCC. Because
signal VRAMP i's D.C. coupl ed to winding Ly of FIGURE 1c, a change I n
the aver age val ue of signal VRAMP causes. a correspondi ng | change in the
Vertieal centering of the electron beam 5 . A VIl converter 50
of .FIGURE 1b that is controlled by "inpdt data received via bus BUS
fromm croprocessor 17 of FIGURE 1a and via.a DA converter 51 of

FI GURE | b produkédEicg portiop i3 gemeratsd. | HE data oYighalooentaiping, 4nfomadan) ed

both to the basghat is u@didatwetbe £dehgti Of e aetrasespoitivnsQls genepated. in a
coupl ed "t B iBltalo o f‘?%rh@%”gs creepSigvE i ! heaQ%t%H’lée%raLﬁ”em
in transi geRETas tahaontrpl esjganl tf@rccmteollmg—lamcorqueolwwhtthe of
5 data signal, the length of the retrace portion. A deflection circuit

output stage is responsive to the sawtooth signal for generating a

deflection current in the deflection winding having a retrace

portion that is determined in accordance with the data signal to

form a raster on a screen of the cathode ray tube. |

10 : 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
arrangement of FIGURE 1.
FIGURES 1a, 1b and 1c illustrate, partially in block

15 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
detector of a television receiver, not shown, that processes a
television signal conforming to the NTSC standard, for example, is

20 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 la, 1b, 1c and 2a-2d
indicate similar items or functions.
Pulse signal VRESET of FIGURE 1a is coupled to a "set"

25 input of a Set-Reset flip-flop 12 causing flip-flop 12 to change
states. Consequently, an output Q of flip-flop 12 produces a
leading edge LE of an output control signal 112a. Leading edges of
signals VRESET and 112a occur at the end of a given vertical trace
interval and initiate vertical retrace. Signal 112a is coupled to a

30 control terminal 13a of a current switch 13. Immediately after

" leading edge LE, signal 112a causes switch 13 to couple a D.C.
current IDRAMP to a junction terminal 18a of an integrating
capacitor 14 that is fabricated using an integrating circuit (IC)
~ fabrication technique.

35 . Current IDRAMP is produced in a voltage-to-current
(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
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dransistor B is coupled to termnal 101b between resistors R5 and
R6., Collector base electrodes of a transistor 4 are.coupled 1. 5 together

in a diode configuration and al so coupled to the emtter of. .
transistor @ for supplying the current of transistor @B. The . . emtter
of transistor 4 is coupled. via a resisBor R2 to terninal 10la. The
base of transistor 2 is coupled to the base and to the col | ector of
transi stor 4. niilaeopmucb&mr df7.t r Misireproceggor sl Zompyeddditionaliy eontesl st or
RL to term nal , %‘%ﬁﬂ it OFu tl&{sa” b?tﬂﬁ»@? iR the telé\f’i@ml?dretc?u;é}e '
emtter of tran5|stor c egt or ren

for sup
transistor QL. such as S-shaping an T‘\ééﬁ's&?%rgo’@c“@ G2 %ﬁ?d’"éfleflgrm a
tenperature termmlmlaslsaétednmgraﬁng capacitorandaigevapled tbhansvatputf of he

and re. 5 “HbogRlitd JEhaos G St YRAME lgnagﬁérsaéa‘if o
twi ce t hélurad:memRA:MR dorms HEIretrace \pentions RETRAGE| of tsawtoathr ent of
transistor (B, sidigl VRAMPLEFICURE PolaiTetihiRal 'ISaGGW%hpééit&u'iHe&
FIGURE 1la is coupled to an inverting mput terminal of amplifier.
18 to form a current integrator.

10 - 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
end time of portion RETRACE of signal VRAMP. An inverting input
terminal of comparator 19 is coupled to a source of a D.C.

15 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.

' When, as a result of current IDRAMP, signal VRAMP
ramps down and attains a level that is equal to voltage VLOW,

20 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. Thereaftef, current IDRAMP is decoupled from
capacitor 14 by switch 13.

In accordance with an aspect of the invention, a

25 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 portion RETRACE
of signal VRAMP. For example, in an arrangement similar to that
of FIGURE 1a, intended for controlling a switched vertical

30 deflection circuit, not shown, V/I converter 15 may be
programmed to produce current IDRAMP of a smaller 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

35 deflection circuit such as shown in FIGURE lc. Thus, retrace
portion RETRACE of signal VRAMP of FIGURE 2b can be made
adaptable for operation with either a switched or non-switched
vertical deflection circuit.
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d HEI GHT. 30 The level of current IHEIGHT is controlled to

establish * the required peak-t.o-peak anplitude of signal VRAMP of

FI GURE . la by establishing the I evels of voltages VH G4 and VLON An
‘adj ust ment ‘of current |HElI GHT causes vol tages VH GH and VLOW - to
change in opposite directions. 3 5 -4- A change in current

LT produces, & Chanog b ddi® nar e, BT RSN, SR YRET ShOn
vertical cent eRIGIJREFba is shortezxthapl Ehe bemgthomfepsawm RETRAGE | ¢f=ksigral of
FIGURE 1b causagRAMP, the precise timings of the trailing edge. of signal VRESET
' ' is, advantageously, not critical. The advantage of not being critical
5 is 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
picture mode.

10 A D.C. current IURAMP 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
ramping trace portion TRACE of sawtooth signal VRAMP of FIGURE

15 2b. The magnitude of current [TURAMP 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
voltage VAGC, the smaller is current IURAMP. An AGC strobe -

20 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
horizontal video line or 64 microseconds. During the occurrence of

25 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
maintains its voltage approximately at a constant level to provide
sample-and-hold operation.  The magnitude of current IOUT is

30 controlled in converter 23 is proportional to a difference between
signal VRAMP and a reference voltage VHIGH, that is produced in
a manner described later on.

During a given trace interval, should the magnitude of
signal VRAMP be smaller than voltage VHIGH when strobe signal

35 AGCSTR occurs, current IOUT would be positive and at a
magnitude that is proportional to the difference between voltage
VHIGH and signal VRAMP. Positive current IOUT causes a
decrease of voltage VAGC in capacitor 22. Consequently, in

This is the replacement sheet

Date: ‘15 Jul 1996



- 8- vol tages VH GH to decrease and voltage VLOWN to increase such

that, the average val ue of voltage VRAMP and the |evel of .voltage - VCENT
remai n unaffected by the increase in current HEl GHT. . Thi s advant ageous
feature is obtained by selecting the 5 appropriate val ues for the
resistors in arrangenent 101 as well as53-. for the currents that are
coupled to termnals 101a and 101b and produced by transistors QL, Q,
88 agﬂsm _ subsequent velr%lzﬁl? drﬁ%ﬁérﬁ#ir%ﬁhd@mﬁiw cwduld! bed via
us uch ol t ages and
e oo, 10 Taekr 850 R 80 AR of L Gl PRl i B prater
service _rtzhanebe&mq éni agnmiymst nencompensats for (thef aﬁm’letmgnmndd GH
and . VLONV{Q4efcY €565 Rignal VRAMP to be shifller2khiss r‘éﬁuirléa resistors in

ement 101 are.
arrang 5 ' 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
the magnitude of signal VRAMP to be at the same level of voltage

10 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
is fully discharged. Capacitor 22 is coupled to voltage VCC.

15 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
excessive. Excessive amplitude of signal VRAMP could cause

20 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
center of vertical trace portion TRACE and as close to the end of

25 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
signal AGCSTR is generated is, for example, at the maximum '
feasible length. The upper limit as to how late in the cycle of

30 signal VRAMP, signal AGCSTR can occur, is determined by the
minimum required length of the vertical cycle of signal VRAMP.
Illustratively, signal AGCSTR. is selected to occur after an interval
T, having a length of 80% of the nominal vertical period V, has
elapsed from the trailing edge TE of signal 112a, as shown in

35 FIGURE 2c. | | _

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,

This is the replacemént sheet

Date: E? o T .



«al so selected in such a way that the peak-to-peak arrpllltudé of 15 si gnal

VRAMP of FI GURE la renmins approximtely the sane after adj ust nent of
current | CENTER of FlIGURE 1b. Therefore, _adj ustnent of vertical
‘cent ering does not affect vertical height. . Advant ageously, the

peak-to-peak anplitude of signal VRAMP .-6- and the average val ue of
signal VRAWP can be adjusted 20 independently of each other.

-In deflection Gl guiy F]w%la% ﬁﬂéﬁﬁ If - offsdt @ﬁtdrfnto controM Aétutcy Visl S

coupled in seri es Wt current sanp or R80 to
forma series aiedasgdnwith mssneu stocéufilt‘é%f‘%t‘ﬁe&’rh‘&?'S‘gnaaln‘\ﬁjés t%FCH hal

11b of anplifi eforléﬁariégtb ,3al tingé | OBNTER] ndt faﬂowslﬂlrat,ohdaamgeousiypm y
decoupl i ng capaci tor

upply Vol agh. Dorbiaccine SaReL St sféfal VRAVEPIE FIGLRIENLLAR bl 7

Junction m nal
11d, coupl ed beobegimedi. ndi ng Ly and resistor R80, is coupled via a

flggdbaggr[neﬁglstorlfgg ﬁgsglsgddivvmw is wavePbith écrreewal for providihges-
shaping, in"a manner not shown and D.C. coupled to, for example,
a D.C. coupled linear vertical deflection circuit 11 of FIGURE lc
that includes a vertical amplifier 11a for producing a vertical
10 deflection current iy in a vertical deflection winding Ly. Winding
Ly of FIGURE lc 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-
correction on the coupling capacitor characteristics. '
15 : FIGURE 1b illustrates an arrangement 101, for
generating voltages VHIGH, and VLOW of FIGURE la, 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
20 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
25 coupled between terminal 101b and ground. A second series
arrangement of resistors R11A and R10A is coupled between
terminals 101b and 10lc, in parallel with the series arrangement
of resistors R7 and R6.
Voltage VLOW is developed at terminal 101b. Voltage
30 VHIGH is developed at terminal 10lc. Voltage VCENT is
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 microprocessor 17 of FIGURE la and
via a D/A converter 53 produces a D.C. current ICENTER of FIGURE
35 1b. Current ICENTER is coupled between resistors R6 and R7.
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
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.30 - coupled via a resistor R30 to a noni nverti ng input term naI of
anplifier 1la. In this way, a negative feedback voltage that-
devel oped across resistor R80 is applied to the input term naI s of

“arfpl i fier. 11a. Sawtooth signal VRAWP that. controls anplifier 1la s
coupled via a parallel arrangement of7resistors R40 and R50 to 3 5 the
Inverting input termnal of anplifier 1la. Voltage VCC is coupl ed

via a resistor nBﬂrﬁnhnytb@Jaﬂom rore-halfgtienpalue efnivoltagefVCC. Beogisefi er
3;? . 'rbl\alr ei:c S;(r)r%ﬁ%%? ﬁg{ﬁﬁﬁ éeEWEEfEdt B winding 13"bM"FIGURE 18P change

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

5 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
D.C. current IHEIGHT of FIGURE 1b that is coupled both to the base
and to the collector of a transistor Ql, coupled in a diode

10 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
transistor Q3 is coupled to terminal 101b between resistors R5
and R6. Collector base electrodes of a transistor Q4 are coupled

15 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
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

20 via a resistor R1 to terminal 10la. A collector of transistor Q2 is
coupled to the emitter of transistor Q1 for supplying the collector
current of transistor Ql.

Transistors Q1, Q2, Q3 and Q4 form a temperature
compensated current mirror arrangement. The sum of the emitter

25 currents of transistors Q2 and Q4 that flow in resistors R1 and R2,
respectively, is supplied via terminal 10la and is equal to twice
the value of current IHEIGHT. Whereas, the collector current of
transistor Q3, that is coupled to terminal 101b, is equal to current

. IHEIGHT. | |

30 : The level of current IHEIGHT is controlled to establish
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.

35 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
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.Resi stors R10, R20, R30, R40, R50 and R60 are manuf act ured, for

exanpl e, on a common substrate to forma single resistor network
package for providing close tenperature . tracking. Each of resjstors
‘Rt0, ‘R20, R30, R40, R50 and R60 has a -5 tolerance of, far exanple, 0.5%
Resi stors R10, R20 and R30 forma " =8+t portion of the resistor '

network for coup Y t he,.vol t s _devel oped at
Cermnal | 1cr oVolits VRS, Yo adhase and, VBlkas ERON T intrfee s
Resi stors R40, thao t&ndam&gbowaiue of wokagwrMRAoVMP andothe Heveleof swltage

net work for COUVUENTSk&ﬂﬁin lﬂlaffe\fmyarlﬁetﬁ\%réﬁe ?&tdtﬁi‘etﬁ“iﬁmt}
I ndi cative feed,Pﬁck S| at e jnverting i nput

termnal of a IS @dv g&pgeous feature s ot tatﬁ? \Pé(l GS aing H8Cel enent s of
arr angenent Slolamjropnate FAIGEREfO the erestbtors cih iaTangementvaD1t st welk as

gxgrﬁgffvg:c Ue Ofor the cutréid nat Yfe Oéml:ﬂlginFo lt%rﬁl%ﬂgnhaﬂl ind qf@ibtgnd
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.

10 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

15 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.
Advantageously, the peak-to-peak amplitude of signal VRAMP
and the average value of signal VRAMP can be adjusted

20 independently of each other.

-In deflection circuit 11 of FIGURE 1e¢, 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

25 1lc of a power supply decoupling capacitor Cb. A resistor R70
couples to terminal llc a supply voltage V+ of, for example, +12
volts. A junction terminal 11d, coupled between winding Ly and
resistor R80, is coupled via a feedback resistor R60 to an inverting
input terminal of amplifier 11a. Terminal 11c of resistor R80 is

30 coupled via a resistor R30 to a noninverting input terminal of
amplifier 11a. In this way, a negative feedback voltage that is
‘developed across resistor R80 is applied to the input terminals of
amplifier 11a. Sawtooth signal VRAMP that controls amplifier 11a
is coupled via a parallel arrangement of resistors R40 and RS0 to

35 the inverting input terminal of amplifier 11a. Voltage VCC is
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.
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.1 5 voltage VCC. Assunme that the voltages at termnals 11d and 1llc

are equal when the level of signal VRAWP is equal to one-half of

vol tage.VCC. Thus, the Thevenin equivalent, wth respect.to the,

‘inverting input terninal.of amplifier lla, of the portion of the .

circuit that includes signal VRAMP and”“resistors R40, R50 and 20 R60, is

equal to the Thevenin equivalent, wth_res t tot ninvertin

i nput terninal -of anplifiBesigtoss %%»t H@%ﬁfﬁo#‘@ﬁ Qﬁ@ and Rélgiaf?:ui t thgt

i ncl U?e\S/ RX(I\)/:D t ?gﬁfﬂ@ﬁo@ﬂﬂ:c{.efdrste?hmﬂép,om MImisa0 substrate Toeferfor 2,

si gna at i1s equ o Jts. aver % e . -

vol t age VCC, prsdﬂgL?esregbﬁ?'éc?ert%ofé(urﬂaé%?(gle ?{’ﬁa?%:’vsfgﬂ% clors]gmt na*’%ra%zuéero or
close to zero. tgagking. VRakRk of sesistess d%ul@,e\éQO, R30, RACKRHA qnsh hasta| y
symmet ri cal 51 Rherafice F, ot Ltath REAK5%. R %ﬂgt%g8§-kzo and R30 form a

The contribution of each of_ resi sP,ors R10, to
Theveni n equi valiest: poriem ofcshe sesistor metwork nfntr conpling pyeltage ‘t/E:E A
of anplifier 1llghe ivoltape th4E ifsdévetopedtat heimbmalofl leasdh the noninverting

input terminal of amplifier 11a. Resistors R40, R50 and R60 form -
a second portion of the resistor network for coupling signal

10 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
'FIGURE 1b are selected in such a way that the average value of
signal VRAMP of FIGURE Ic is nominaily equal to one-half of

15 voltage VCC. Assume that the voltages at terminals 11d and 1ilc
are equal when the level of signal VRAMP is equal to one-half of
voltage VCC. Thus, the Thevenin equivalent, with respect to the
inverting input terminal of amplifier 11a, of the portion of the
circuit that includes signal VRAMP and resistors R40, R50 and

20 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.
Therefore, signal VRAMP that is equal to its average value or one-
half of voltage VCC, produces deflection current iy that is

25 nominally zero or close to zero. Signal VRAMP produces current
iy having approximately symmetrical negative and positive peak
amplitudes. :

The contribution of each of resistors R10, R20 and R30
to the Thevenin equivalent, with respect to the noninverting input

30 terminal of amplifier 11a, is the same as the contribution of each
of resistors R40, RS0 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.

35 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
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.of .resistors R40, R50 and R60, respectively, to the Thevenin

equi valent with respect to the inverting input termnal. 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. 3.5 Advantageously,
because the resistors wthin each of thelgpairs are of equal . val ue,

cl oser or better match and tenperature tracking . is obtained than if
the resistor of manafagrare pyocessf iuneguate Vvigasible to makeSucipait afe separate

tenmperature tragldfarOoeiingPefeNeS Senlpdratife tracking coefficient, such as 50

10

15

20

25

30

35

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
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
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
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 11a, 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
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 vértical
raster and to establish the electron beam in CRT 49 of FIGURE Ic
at or close to the vertical center of the display screen. - |

A signal SERVICE of FIGURE 1a that is produced in a
bus interface unit 30 from input data generated by
microprocessor 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 31a of a switch 31,
causes switch 31 to couple a current 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

a

This is the replacement sheet

Date: 15 JUL 99



--10- manuf acture process, it is nore feasible to nake a pair of

separate resistors having.cl ose tenperature tracking coefficient, such
as 50 ppni[err] C, when they are of equal value. By establishing the.
‘aver age val ue of signal VRAWP.equal to one-half of voltage VCC, 5 the
pair of resistors RLO and R40 could be mdde of equal val ue " resistors
and also the pair of resistors RO and R50 coul d be nade of equal

val ue resi st or sthe negative feedbackAdierngonsegmr k2o signal hWWRAMBtisr's in
each of the = estbBlilie a0l (e s?s&nt tQVitddy "FERRPE, (O 2
vertical 1 0 ra par abo 1‘{ighage deve e W{? 1c o ca a itor
C6 due to ¥ PFeﬂﬁ“? Ho 8ENFt i Stenals ét the leve

;’a“ ati 0{15 of supleage w:c:-:me Y&d%(f& g ymald ofogero B. ectdumnWISIhof FIGI{REpect
ovarlaloso e a rat ur e
dependent . hus lﬁ%? o¥*’f‘}5§ Q%d Vlﬁcgcagtf??{r?ﬁt Fodrqaﬁl]fjaqs t the verifdal Seter

of the screen of CRT 49. Thus, horizontal scanning produced by a
horizontal deflection circuit, not shown, occurs contihuously at a

vertical center of the display screen of CRT 49.
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.15 . deflection current iy are, advantageously, reduced, within an
entire operational tenperature range of, for exanples Olerr]C and

40[err] C. A.change in vol tage VCC due to f.or exanple ratu
-change, causes both'.the average val.ue of signal VRA ,! H I’ ll ,“mupl ed
-to the inverting input term nal of anplibier 1la, an

D.C. voltage VCC, that is coupled to the noninverting |nput term nal

of anplifier 11WHAT ISCLAMEBR:IS:ame direction and appr oxi mately by

the sane anounts. Therefpre,aa 1 { meri de
| ess- dependent on vari atlgn o“} th()flyta,t dudiiy, deflection PapparBas, e¢¢ g?ﬁ?gm

pur pose of television recBicags 7l gggdflﬂsﬁﬁﬁﬁrtat% a éf‘wftg‘ettl'oﬂg%] ust ment ,
it may be desir@PRAMP)cal laadeaqidneyyehdti inirelated toast deflestionofreguabtysh

the, el ectron beggti) %68, BorthiAi 4 rerace oo SRR Lot ¥ i
la that is prodbeginnimg atime tobas énd dimacef waid W@Po?ﬂl’%ts
Igggg[ atRegf by 3 QawitidthOBgHaESvaies in' anCoppbsite Vdidectibli @athe r8§béc@ td aaid "
trace portion;
means (16, 17) for generating a control signal
(VRSLOPE) that is indicative of one of a length and a slope of said
retrace portion; :
means (15) responsive to said control signal and
. coupled to said sawtooth signal generating means for selectively
controlling, in accordance with said control signal, said one of said
length and slope of said retrace portion;
a cathode ray tube (49);
a deflection winding (Ly) mounted on a neck of said
cathode ray tube; characterized by
a deflectlon circuit output stage (11a) responsive to
said sawtooth S1gnal for generating a deflection current (iy) in said
deflection winding having a retrace portion that is' determined in
accordance with said control signal to form a raster on a screen of
~ said cathode ray tube. _
2. An apparatus according to Claim 1 characterized in
that said control signal generating means (16, 17) comprises a-
microprocessor (17).
3. An apparatus according to Claim 1 characterized in
that said deflection winding (Ly) comprises a vertical deflection
winding.

4. An apparatus according to Claim 1 characterized in
that said sawtooth generator comprises a capacitor (14), a source
(21) of a first current responsive to said control signal and
coupled to said capacitor for generating said sawtooth signal in
said capacitor, wherein a magnitude of said first current
determines a rate of change of a voltage in said capacxtor during
said retrace portion.
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-flip-flop 12, during service node operation. Consequently, current

| DRAMP is decoupled fromcapacitor 14. I|Instead, signal SERVICE that is
coupled to a control termnal 3la of a switch 31, causes switch 31 to
couple a current | SERV produced in a V/I 3 5 converter 32 to termnal 18a
of capacitor 14. V/| converter 32 generates current |ISERV at a

magni tude that is proportional to a di fference between signal VRAWP
and D. C. voltage VCENT pr oduced i_nlja_ manner that was descri bed

before. As a result of

A GENERATOR FOR SAWTOOTH SIGNAL WITH SELECTABLE
RETRACE SLOPE FOR A DEFLECTION APPARATUS

ABSTRACT

The length of the retrace portion (RETRACE) of a
vertical sawtooth signal (VRAMP) is controlled by a
microprocessor (17). In this way, the same type of an integrated
5  circuit that includes the sawtooth generator can be used for
generating the sawtooth signal required either for a switch or a
non-switch vertical deflection circuit output stage.

10 FIGURE la
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.the negative feedback via V/1 converter 32, signal VRAMP is est abl i shed

at.a constant |level that is equal to voltage VCENT, when si gnal SERVI CE
is generated. Signal VRAMP at the |evel of ~vol tage VCENT produces a
‘'smal |- or zero D.C ‘current iy of FIGURE 5 1c that causes the verti cal
raster to collapse at the vertical center of the screen of CRT 49.

Thus, horizontal scanning produced by a hori zontal deflection circuit,
not shown, occurs continuously at a vk ical center of the display

screen of CRT 49.
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--12- WHAT IS CLAI MED | S: 1. A video display deflection
apparatus, conprising: means (21, 18) for generating a saw ooth
.signal (VRAMP) at a frequency that is related to a deflection frequency
having a trace portion and a retrace portion such that from a begi nning
time to an end tine of said retrace portion said sawooth signal varies in

an opposite direction with respect to said trace portion; nmeans
(16, 17) for generating a control signal (VRSLOPE) that is indicative of
one of a length and a slope of said retrgge portion; means (15)

responsive to said control signal and coupled to said sawm ooth si gnal
generating neans for selectively controlling, in accordance with said
control signal, said one of said _ '

|
Vet A

101 VHIGH = 5V
02 j—-o—{u
~YCENT = 1/2 VIC
0 13
> VL0W = ¥
L ]
5'\ llﬂm[—\mmur-
BUS
/A > :
In oy 1< |
50 =
= ICEATER ] 754
/A —> cwnl —
0Ky
o L== 101
53 = 52

FIG. 1b
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-length and sl ope of said retrace portion; a cathode ray tube
(49); a deflection winding (L[err]) nounted on a neck of said
_.cathode ray tube; characterized by a deflection circuit output
‘'stagé (11la) responsive to said sawmooth signal for generating a deflection
current (if[err]) in said deflection wi nding having a retrace portion that
Is determ ned in accordance with said control signal to forma raster on a

screen of said cathode ray tube. 3/4 2. An apparatus according to
Caim1l characterized in that said control signal generating nmeans (16, 17)
conprises a mcroprocessor (17). 3. An apparatus according to
Claiml characterized in that said deflection winding (L[err]) conprises a
vertical deflection wi nding. 4. An appar at us cording to
Claim1l characterized in //' WA + ¢ l“
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