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brightness modulated, vertical stripes. This type of distortion
may result from horizontal deflection current ringing that
produces a beam velocity modulation visible as vertical stripes.
The deflection current ringing may be caused by a stray

10 capacitance, associated with windings of ‘a horizontal deflection
winding, immediately after a retrace voltage pulse that is
developed across the horizontal deflection winding ceases.

The high rate of change.of a retrace voltage pulse that
is developed across the deflection winding, during the second half

15 of horizontal retrace, produces a capacitive current pulse flowing
in the horizontal deflection winding. This capacitive current pulse
ends abruptly at the end of horizontal retrace, when the rate of
change of the retrace voltage pulse becomes zero and may

_ produce the deflection current ringing.

20 Organ pipes distortions may last, for example, 5pus
after a beginning time of the trace interval. Typically, the effect
of organ pipes distortion is not visible to the user due to the usage
of a high degree of overscan. However, it may be desirable to
operate modern full square CRTs with only a low degree of

25 overscan. N

Color television receivers or display monitors
operaung at higher scan rates than, for example, fy = 15,625 Hz,
may be even more susceptible to organ pipes distortions. The
ringing depends upon the horizontal winding stray capacitance

30 and the retrace pulse voltage width and amplitude and not upon
the deflection frequency. When a higher deflection frequency is
used, the trace interval is shorter. Therefore, the ringing interval
is proportionally greater relative to the trace interval. It may be
desirable to suppress the deflection current ringing during the

35 beginning of horizontal trace without using a high degree of
overscan. _

In a circuit embodying an aspect of ithe' invention, a'
linearity correcting coil or another suitable induetor is
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wi dth and anpaad uthee enokipontalpdeflection winding. The injected current causes

a reduction in the current of the linearity correcting coil that is

coupled to the horizontal deflection winding in a manner to

compensate for the sudden decrease in the capacitive current in

10 the stray capacitance. In this way, the deflection current ringing

is prevented. ’ _

In a video display,’ embodying an aspect of the

invention, an inductance is coupled in a current path of a

deflection current between a deflection winding and a first

15 switching arrangement. = A pulse of current is generated and

coupled to the inductance and to the deflection winding via a

junction terminal that is in the current path between the

inductance and the deflection winding. The pulse of current has

both a beginning time and an end time in a vicinity of an instant

20 when a retrace pulse voltage produced in the deflection winding

ceases. The pulse of current produces a decrease in a current that

flows in the inductance, during a beginning portion of a trace
interval.

FIGURE 1 illustrates a horizontal deflection circuit with

'a ringing suppression arrangement, -embodying an aspect of the

invention;
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FIGURES 2a-2i illustrate waveforms useful for
explaining the operation of the circuit of FIGURE 1 when the
ringing suppression arrangement of FIGURE 1 is functional: and

30 FIGURES 3a-3g illustrate waveforms that would be
obtained in the circuit of FIGURE 1 should the ringing suppression
arrangemerit of FIGURE 1 be removed. '

FIGURE 1 illustrates a horizontal deflection circuit 100,
embodying an aspect of the invention, operating at a horizontal

35 frequency fy = 15,625 Hz. Deflection circuit 100 includes a
flyback transformer T, a deflection switching transistor Q, a
damper diode D, a retrace capacitor Cr, an S-shaping capacitor Cg,
a linearity coil Li;, with a parallel coupled damping resistor Rp




[}
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to- suppress the def current ringing during the 3 5 begi nning of
hori zontal trace w thout using_ a high degree of overscan. In a circuit
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linearity ceyin@¢hgnajicitance CgTray is associated with the windings of

5 winding Lyg. Stray capacitance Cgtray is formed between

horizontal deflection winding Ly and, for example, a vertical

deflection winding, not shown, a yoke ferrite core, not shown,

and/or other components in the vicinity. In operation, a ringing

suppression network 200, embodying an aspect of the invention,

10 is coupled to a junction terminal 100a, between coil LLm and
winding Ly. '

For explanation purpo's'es_' only, assume that network
200 is disconnected from terminal 100a. In this case, deflection
circuit 200 operates in a conventional manner. FIGURES 3a-3g
15 illustrate waveforms useful for the explanation of the way Organ
Pipes distortions that are produced when circuit 200 is
disconnected. Similar symbols and numerals in FIGURES 1 and
3a-3g indicate similar items or functions.
As a result of the switching operation of transistor Q of
20 FIGURE 1, a retrace voltage V1 of FIGURE 3a is developed across
deflection transistor Q of FIGURE 1. A retrace voltage V2 of
FIGURE 3b is developed across winding Ly of FIGURE 1. FIGURE 3c
illustrates a deflection current il that is formed externally to
winding Ly and in a current path of winding Ly of FIGURE 1.
25 FIGURE 3d illustrates a waveform of a current i2 flowing through
stray capacitance CgTray associated with winding Ly of FIGURE 1.
Current i2 represents a difference current, measured between .
current il and a current i5. Current i5 flows to ground from an
end terminal 100b of winding Ly that is remote from terminal
30 100a. Current i2 may be measured using a current probe for
obtaining the current difference between currents il and iS.
During the second half of retrace, current il is smaller
than current i5 because of the effect of current i2. Current i2
affects horizontal scanning because current i2 flows through the
35 windings of horizontal deflection winding Ly. Capacitive current
i2 is dependent on the rate of change of retrace voltage V2.
Current i2 has a positive peak amplitude in the vicinity of an end
time, tl, of the retrace interval where the high frequency content
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during the endrhiafSheeeiias B °%1t t he beginning of trace. The 5 I nj ected
current is divi e linearity correcting cg{'é agqt e horizontal.
def | ecti.on wi nd [ ted current ¢huses a re f“‘lg ’ the current
of the linearity correcting coil that is coupled to the horizontal

deflection winding in a manner_to conpensate for the sudden decrease in the
capacitive cofrestrace toltageheVdt and c¥dats tthecdargass. ¢ nYhemaythet gate of

defl ection CUhafipe bf n»%m%%' wrsa@&hegl;zéra,acxyﬁgﬁp idi Bekames epdredyi ng an

aspect of the i1 nvVention i ndyctance i s coup In a current path of

deflection current betwEd fé\sgeg?%r&aﬁ%no '%ﬁrﬁﬁtea@d tg 2FFQ aisthe &pd qfi ng
arrangement . retrAce PUpped @desCUduiBht | sirgdngl ahedillapdacedipiredFIGURE 3d.
i nduct ancSe and to tpe edef l,ecti on . w ndi ng, Vi ﬁ@gngtﬁgcp on tergn nal it hat, i s
in the “cur F38a0aF PeHeHINHIORRe MAY DS He THFPBE PO RENd Mng.
The pul se of windiregtLpaef FIGURE 1 following time tl1 of FIGURE 3d, the end of
retrace. The waveforms of FIGURES 3e-3g are shown in the
vicinity of time tl of FIGURES 3a-3d, but with expanded
amplitude and with an expanded time base relative to those of
10 FIGURES 3a-3d. Ringing of curmrent i2 of FIGURE 3g subtracts from
current il of FIGURE 3f and appears superimiposed on deflection
current il that is coupled to deflection winding Ly of FIGURE 1.
~ Current il of FIGURE 3f increases at time tl by the
same amount as current i2 of FIGURE 3g decreases. The ringing of
15 current i2 during the Sps interval of FIGURE 3g that follow time tl
is superimposed upon the downramping or trace portion of
current il of FIGURE 3f that is coupled to winding Ly of FIGURE 1.
The ringing appears also superimposed on retrace voltage V2 of
. FIGURE 3e, at the beginning of trace. The ringing is caused by the
20 fast fall time of current i2 of FIGURE 3g after time tl.
- In carrying out an inventive feature, ringing
suppression network 200 of FIGURE 1, reduces such ringing.
Network 200 includes a series arrangement of a resistor Rl, a
capacitor C1 and a parallel arrangement that includes a resistor R2
25 and a switching diode D1. Advantageously, linearity coil Ly;, is
interposed between deflection transistor Q and winding Ly for
separating winding Ly from transistor switch Q.  Linearity coil
Liin is non-saturated at the beginning of trace and operates as an
inductor having an inductance of about 10%-20% of the inductance
30 of winding Ly.
FIGURES 2a-2i illustrate waveforms useful for
explaining the operation of the circuit of _FIGUIiE 1 when network
200 is included in the circuit. Similar symbols and numerals in
FIGURES 1, 2a-2i and 3a-3g indicate similar items or functions. In
35 FIGURES 2d-2i, the amplitude and the time base are expanded in
the vicinity of time tl relative to those of FIGURES 2a-2c. _
Capacitor C1 of FIGURE 1 is charged, during retrace, via
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i nductance, during a beginning portion of a trace interval. FI GURE 1 _
Il lustrates a horizontal deflection circuit with 25 a ringing suppression
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5 junction terminal 100a of FIGURE 1 between winding Ly and
linearity coil Lp;j,. Injected pulse current i4 is divided between
coil Lj;, and winding 'LH according to the ratio of the inductances
of winding Ly and linearity coil Ly;,. A greater portion of pulse
current i4 flows through linearity coil Lp;, because of its

10 relatively low inductance and subtracts from current i3 of FIGURE
2g. This causes a decrease of current i3 in the vicinity of time tl.
The pulse of current i4 starts to increase at a fast rate just before
time tl, it reaches its peak amplitude at time tl and then has a
slow fall time, as shown in FIGURE 2e.

15 In accordance 'with an inventive feature, the
suppression of the deflection current ringing is obtained by the
decrease of current i3 of FIGURE 2g, during the aforementioned
short interval in the vicinity of time tl. The decrease in current
i3 is produced by injected current i4 of FIGURE 2e. As a result,

20 deflection current il of FIGURE 2f is prevented from increasing
after current i2 of FIGURE 2h abtuptly decreases to zero. The

_ smaller portion of current i4 of FIGURE 2e flows into winding Ly
and prevents deflection current il of FIGURE 2f from decreasing
prior to time tl. S

25 Advantageously, the slow fall time"of the pulse of
current i4 of FIGURE 2e, following time tl, provides a smooth or
gradual transient between currents il and i3. Following the short
interval at the beginning of trace, when current i3 is smaller than
current il, currents il and i3 have the have same waveform and

30 amplitude, during the remaining trace interval, as shown in

- FIGURES 2f and 2g, respectively. Advantageously, as a result of
the current injection of current i4 of FIGURE 2e, the ringing that
occur in current i2 of FIGURE 3g no longer occur in current i2 of
FIGURE 2h. :

35 FIGURE 2i illustrates a waveform depicting a
difference between currents i5 and i3. The waveform of FIGURE
2i shows that the greater portion of current i4 of FIGURE 2e in

linearity coil Lp;, of FIGURE 1 is subtracted from current i3 of
A5 BEEN




ermbodyi ng an aspect of the invention, operating at a horizontal 3 5
frequency flerr] = 15,625 Hz. Deflection circuit 100 includes a flyback
transfaormer T, a deflection swtching transa;stor Q a Ramwegs,65de D, a
retrace capacitor Cferr], an S-shaping capacitor CJerr], a Ilnearlty coi |

L[err] with a parallel coupl ed danping resistor R err] 3 and a

hori zontal qf'@@h@nz rHﬂ dlkcfd}% eblyisess) df[qrrrdUR%cgupae@ré%%ween
W|nd|ng LH an tran5|s @sfs gghﬁ gent t'Q y\nndln%%!?_H a st or
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deflection wpdp ageLH'fh ‘peaf%r XAIRT 14 of FIEORE 26 occurs at the end of
5 retrace, when the rate of change of voltage V2 of FIGURE 2a is
zero. Advantageously, as a result of current i4 of FIGURE 1,
voltage V2 does not include ringing.
A conventional East-West raster correction circuit may
be coupled to end terminal 100b of winding Ly that is remote
10 * from linearity coil Lpi,, in a conventional manner not shown. In
" this way, both East-West rastcr distortion correction and .
suppression of Organ Pipes rmgmg may be maintained.
An arrangement similar to that shown in FIGURE 1
may be implemented to provide horizontal deflection for a 347,
15 16:9 aspect ratio CRT, operating at a horizontal frequency 2fyg. In
this case, winding Ly has an in_ductance of 350uH, res_istor R1 has
a value of 330 Ohm, resistor R2 has a value of 68 K-Ohm and
capacitor C1 has a value of 470pF.
The values of capacitor C1 and resistor R2 are selected
20 in such a way that voltage V3 of FIGURE 2b is higher, or less
negative, than voltage V2 of FIGURE 2a at time tl. The voltage
difference, V3-V2, and the values of capacitor C1 of FIGURE 1 and
of resistor R1 determine the peak amplitude of current i4 of
FIGURE 2e. The fall time of the pulse of current i4 is determined
25 Dby resistor R1 and capacitor C1 of FIGURE 1. '
Stray capacitance CgTray is dependent on winding Ly.
The amplitu&le of current i2 strongly depends on the amplitude,
pulse-width and the rate of change of voltage V2. Therefore, the
values of resistors R1 and R2 and of capacitor Cl are selected
30 based on such parameters. Advantageously, because current
injection is provided in an -AC coupling manner via capacitor CI,
DC offset current in winding Ly is prevented.
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def| ecti on w ndi ngv“ "I e ferrite core, not shown, and/or other’
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200, enbodyi ng an; aspe esl nventi on, is cou junction
terninal 100a, between coi I Llerr] and w _nd| ng L[err]. For explanation

pur poses only, assune ) etwork 200 is disconnected from termnal 100a.
In this case, deflecti 'uit 200 operates in a conventional manner.

FI GURES 3a-3g 15 ill astrAt evidevedisplayudeflattibor apparacap|comprismgnf t he

way Organ Pipes distort a ced when circuit 200 is
di sconnected. Sim|l arEl H%Q%Ftlbgng”aaﬁl g}i??yn FI GURES 1 and 3a-3g indicate
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oot O I etatel raate AT e
V2 of 5 first switching means (Q,D) coupled to said.deflection
winding for producing a deflection current (i, is) and a retrace
pulse voltage (V2) therein;
an. inductance (Lyyn) coupled in a current path of said
deflection current between said deflection winding and said first
10 switching means; characterized in that
means (Cl, R1, D1) for generating a pulse of current
(i4) that is coupled to said inductance and to said deflection
winding via a junction terminal (100a), that is in said current path
o between said inductance and said deflection winding, said pulse of
15 current having both a beginning time and an end time in a
vicinity of an instant (t;) when said retrace pulse voltage ceases,
said pulse of current producing a decrease in a current (i3) that
flows in said inductance, during a beginning portlon of a trace
interval.

20 2. An apparatus according to Claim 1 characterized in
that said pulse of current (ig) is AC-coupled to said inductance
(Lrin) and to said deflection winding (Ly).

3. An apparatus according to Claim 1 characterized in
that said inductance (Lpin) comprises a linearity correction
25 inductance. ' ' .

4. An apparatus according to Claim 1 characterized in
that said pulse of current generating means (Cl, D1,-R1) comprises
a first resistor (R1) and a second capacitor (C1) coupled in series.

5. An apparatus according to Claim 4 characterized by,
30 a diode coupled between said second capacitor and said junction
terminal. '
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FIGJURE 3b is deveI dl| ng L[err] of FIGURE 1. FI GURE 3c
Illustrates-a m '1that Is forned externally to w nding
LH-and in a cu of Wi n(’:h ng L[err}8ef Fl GURE RCA586B5QURE 3d

ill.ustrates a v'vvavef ormof a current 12 flow ng through stray capacitance

CSTRAY associated with winding L[err] of FIGURE 1. Current i2 represents a
difference current, ne@surkd bppavaens accoeding loaﬂdamcﬁmlmlacteﬁuzedomyr ent
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from termnndl € measured using ht probe
for obtaining the current difference between currents i1l and I 5. During t he

second hal f of retrace7 cuAremed ]d”%%éf%sa{h%}?rhﬂrgl Smpeidhse of

the effect of current Curren Ie’c scannl ng because
current i2 flows thr ou@tﬂ?ﬂ%‘:t@,@n windingg§ Hf hori zontal deflection w nding

Llerr]. s Capacitive CUiT ps¥raé@ capAEREREEN{CRY) coupled etef safiandsfledtion
retrace vol taﬁ’ldmg (Ly) to form a retrace resonant circuit (100);
first switching means (D,Q) coupled to said deflection
winding (Lg) for generating a resonant retrace pulse voltage (V2)
at a first terminal of said deflection winding (100a) and a
10 deflection current (is) in said deflection winding, said retrace
pulse voltage producing a capacitive current (i;) in an
inter-winding capacitance (C2) of said deflection winding that
decreases when said retrace pulse voltage ceases, said decrease in
said capacitive current producing an increase in a current (ij) that
15 flows. in said first terminal; characterized in that
means (R1l, CI, Di) coupled to said terminal for
generating a current pulse (i4) in a current path that includes said
terminal, when said retrace pulse ceases, in a manner to reduce a
rate of said increase of said first terminal current such that
20 following a beginning portion of a trace mterval said current
pulse ceases. '

8. An apparatus according to Claim 7 characterized in
that said terminal (100a) is coupled between said deflection
winding (Ly) and said first switching means (D,Q).

25 9. An apparatus according to Claim 7 characterized by,
a linearity coil (Lyn) coupled between said first switching means
(D,Q) and between said deflection winding (L) and said current
pulse generating means (R1, Cl, DI1).

10. An apparatus according to Claim 9 charaacterized
30 in that said current pulse generating means (R1, Cl, D1) is coupled
between said linearity coil (Lyyy) and said deflection winding (Ly).
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Current i2 has. This KBSﬂHaBB&nRQﬁdﬁeﬁﬁpﬂtude in the vicinity of an end tine,
t1,.of "the retr ere the high frequency content -4- of
the | argest -9 Wen the RA 86,69%ange of

vol tage V2 becomasmm ”ﬂE’! nt i 2 becomes zero. The fast decrease of

ret'race<vol t age
current i2 to zero, at the end of retrace, produces current ringing, as
illustrated in FIGURE 13d. RAn fmufl i)@@oﬂlliotds | Qlsinrey lohatacteeizeddy
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an expanded Bf r@alga%céek&tewgl to those of

5 12. An apparatus according to Claim 7 characterized
in that said current pulse generating means (R1, Cl, D1) comprises
a third capacitance (C1) that is coupled to said resonant circuit for
applying said retrace pulse voltage (V2) to said third capacitance
to develop a voltage in said third capacitance, during said retrace

10 interval, said third capacitance voltage producing said current
pulse (is) and second switching means (D1) for decoupling said
third capacitance from said deflection winding, during a portion of
said trace interval that follows said beginning portion of said trace
interval.

15 13.  An apparatus according to Claim 7 characterized
in that said current pulse (i4) causes a parasitic ringing in said
deflection current to be suppressed for preventing organ pipes
distortions.

14. An apparatus according to Claim 7 characterized
20 in that said deflection winding (Lg) comprises a horizontal

deflection winding.

15. A video display deflection apparatus, comprising:
a deflection winding (Lg);
a retrace capacitance (CR) coupled to said deflection
25 winding to form a retrace resonant circuit (100);
first switching means (D,Q) coupled to said deflection
winding for producing a deflection current (is) and a retrace pulse
(V2) -therein;
an inductance (Ly) coupled in a current path of said
30 deflection current between said deflection winding and said first
switching means; characterized in that
a series arrangement of a resistor (R1) and a second
capacitor (Cl) for producing from said retrace pulse voltage a
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that S coup wi ndi ng L[er'r]] of FI GURERCA®e.682 i1 of
FI GURE 3f |ncreases at tinme tl by t he sarre anount as current i2 of FIGURE

3g decreases. The ringing of 15 curreg during . the 5[err]s interval of
FI GURE 3g t h&UTFMY dia+ (IR T&dr %&é’éﬂg%oﬁﬂldh§CMr%ﬂﬂm@rosuchace

portion of Cl!hﬁﬁrﬁaldlrﬁlsfdrglﬁﬁl@f shitPlcHay gt Ph&deh® Wngdi ng Llerr] of

FIGURE 1. The ringing ﬁgéaearcg al so sugerl osgéh n rétrace voltage V2 of
FI GURE 3e, at the begi ntfSRJ fs‘f’i“&@é" THECF) S ol g )i souBlesh tmysaide seoondast

fall time of capacior f&r generadifg Rgpalsecioft tudrent . %{l dedngy bagmrﬁug o&m
' rk 200 of FlI uces

such 11 ng? ng LAEDuFe:afe REREEE S el aé‘gév“ﬁaﬁammrdwr@epg’%rt £ a
capaci tor Clbypdssepasatll etsistonrsgenesnttot [prevenc|saidsresistri ftom Remiting
said current pulse, said current pulse being coupled to said
inductance and to said deflection winding via a junction terminal
(100a) that is in said current path between said inductance and
10 said deflection winding.

10" FI GURES |n of current i 2 of FIGURE 3g subtracts from
current.il o I ﬁﬂﬂ' ears superi rrpé)sed on deflection current i1l
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25 and a switching diode DI. Advantageously, linearity coil LLinis

i nterposed bet ween defl ection transistor Q and winding L[err] for
separatrng winding LH from transistor switch Q Linearity coil LLin
I's non-saturated at the beginning of trace and operates as an inductor

havi ng an inductance of about 10% 20% of the inductance 3 0 of w nding LH
FI GURES 2a-2i illustrate waveforns useful for explaining the operation of
the circuit of FIGURE 1 when network 200 r3lirncluded in the cREC‘u?ﬁﬁsz
Simlar synmbols and nunerals in FIGURES 1, 2a-2i and 3a-3g indicate simlar

items or functions. In 3 5 FIGJRES 2d-2i, _the anplitude an e tine base
are expanded in the vi mmmil?@_@@ﬁ?" ENL GURES 2a- 2c.
Capacitor Cl of FIGURE 1 is charged, dyr ace, via resistors R2 and

Rl to a voltage V3 of mnus 20 volts V\MI

Organ pipes distortions, caused by parasitic ringing in
a horizontal deflection current (i) are suppressed by forming a
current pulse (ig) in a current injection érrangemen_t (R1, Ci1,. D).
5 The current pulse is coupled to a junction terminal (100a)
between a terminal of the horizontal deflection, winding where a
high retrace pulse voltage (V2) is developed and a low voltage
terminal of a linearity correction inductance (Lpyy). A high

voltage terminal of the linearity correction inductance is coupled
10 to a horizontal output transistor (Q). The current pulse begins
prior to the end of retrace and ends during the trace interval.

FIGURE 1

This Sheet Has Been Replaced -
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-5 to ground, as shown in FIGURE 2b. Retrace voltage V2 of FlI GURE 2a drops
t.o mMmnus 100 volts at the vicinity of time tl, the end of retrace, and

di scharges capacitor Cl1L of FIGURE 1 via diode DL and resistor RL. This

injects a pulse of a current i4 of FIGURE 2c into a 5 junction term nal
100a of FIGURE 1 between winding LH and linearity coil L[err]. Injected
pul se current i4 is divided between coil L[err] and winding LH according to
the ratio of the inductances of winding LH and linearity coil L[err]. A
greater portion of pulse current i4 flomfafglough linearity coil L[err]
because of its 10 relatively | ow induc and subtr omcurrent i3
of FIGQURE 2g. This causes a decrease of current i3 iE%i ity of tine
t1l. The pulse of current i4 starts to increase at a rate just before
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time tl, it reaches its peak anplitude at tinme t1 and then has a slow fal
t.ime, as shown in FlI GURE 2e. 15 In accordance wth an

i pventi Ve feature, the suppression of the deflection current ringing is
obt @i ned by the decrease of current i3 of FIGURE 2g, during the
aforenentioned short interval in the vicinity of time tl. The decrease in
current i3 is produced by injected current i4 of FLIGURE 2e. As a result,
20 deflection current i1l of FIGURE 2f is.pravented from increasing after
current i2 of FIGURE 2h abruptly decreaség/{é zero. The snmaller portion of
current i4 of FIGURE 2e flows into winding LH and prevents defl ection
current i1l of FIGQURE 2f from decreasing prior totinme tl. 25

Advant ageously, the slow fall time of the pulse of current i4 of FIGURE
2e, following tine t1, provides a snooth or gradual transient between
currents il and i3. Follow ng the short
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I nt erval at the begi nning of trace, mhegt c1u\frent I 3 1's smal Letthah—eurrent—

i1, currents i1 and i 3 have the havd sane f%]m and 3 0 | aRERLACEMENT SHEET

during the remaining trace mteryéﬂ,F %a% i n FlI GURESZ2f~and~27g,

respectively. Advantageously, as a result” bf the current i JPCH%M

current i4 of FIGURE 2e, the ringing that occur in current i

-no | onger occur in curye FLHEURE—2i
ents i 5 and

illustrates a wavefé¥ 8 2 :
i 3.  The waveform of FI mﬁtﬂnenmomelat%t to he @frfé@cttmrn [SOFCut

i 4 of FIGURE 2 I n coil L[err] of FIGURE 1 is subtractedfrom
current 13 of 81§;ﬂgb d%%"a'rh)ﬁs

So-called "organ pipes" distortion may appear in the

5 left-hand side of a display screen of a cathode ray tube (CRT) as

brightness modulated, vertical stripes. This type of distortion
may result from horizontal deflection current ringing that
produces a beam velocity modulation visible as vertical stripes.
" The deflection current ringing may be caused by a stray

10 capacitance, associated with windings -of a horizontal deflection
‘winding, immediately after a retrace voltage pulse that is
developed across the horizontal deflection winding ceases.

' The high rate of change .of a retrace voltage pulse that
is developed .across the deflection winding, during the second half

15 of horizontal retrace, produces a capacitive current pulse flowing
in the horizontal deflection winding. This capacitive current pulse
ends abruptly at the end of horizontal retrace, when the rate of
change of the retrace voltage pulse becomes zero and may
produce the deflection current ringing. '

20 Organ pipes distortions may last, for example, Sps
after a beginning time of the trace interval. Typically, the effect
of organ pipes distortion is not visible to the user due to the usage
of a high degree of overscan. However, it may be desirable to
operate modern full square CRTs with only a low degree of

25 overscan.

Color television receivers or display monitors
opcrating at higher scan rates than, for example, fy = 15,625 Hz,
may 'be even more susceptible to organ pipes distortions. The
ringing depends upon the horizontal winding stray capacitance

30 and the retrace pulse voltage width and amplitude and not upon
the deflection frequency. When a higher deflection frequency is
used, the trace interval is shorter. Therefore, the ringing interval
is proportionally greater relative to the trace interval. It may be
desirable to suppress the deflection current ringing during the

35 beginning of horizontal trace without using a high degree .of
overscan.

. In a circuit embodying an aspect of the invention, a
lincarity correcting coil or another suitable inductor is coupled
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The injected current causes
a reduction in the current of the linearity correcting coil that is
coupled to ‘the horizontal deflection winding in a manner to
compensate for the sudden decrease in the capacitive current in
the stray capacitance.

In this way, the deflection current ringing
is prevented. ’

of the
in a current path of a
between a deflection winding and a first
switching arrangement. A pulse of current is generated and
coupled to the inductance and to the déflection winding via a
junction terminal that is in the current path between the
inductance and the deflection winding. The pulse of current has
both a beginning time and an end time in a vicinity of an instant
when a retrace pulse voltage produced in the deflection winding
ceases. The pulse of current produces a decrease in a current that

flows in the inductance, during a beginning portion of a trace
interval.

In a video dlsplay,
an inductance
deflection current

embodying an aspect

invention, is coupled

FIGURE 1 illustrates a horizontal deflection circuit with
a ringing suppression arrangement, embodying an aspect of the
invention; .

. "FIGURES 2a-2i illustrate waveforms useful for
explaining the operation of the circuit of FIGURE | when the
ringing suppression arrangement of FIGURE 1 is functional; and

'FIGURES 3a-3g illustrate waveforms that would be
obtained in the circuit of FIGURE 1 should the ringing suppression
arrangemcnt of FIGURE 1 be removed. : -

FIGURE 1 illustrates a horizontal deflection circuit 100,
embodying an aspect of the invention, operating at a horizontal
frequency fy 15,625 Hz. Deflection circuit 100 includes a
flyback transformer T, a deflection switching transistor Q,
damper diode D, a retrace capacitor Cg, an S-shaping capacitor Cg,
a linearity coil [ ;, with a parallel coupled damping resistor Ry,

1
L

a




this case, winding LH has an inductance of 350[err]H, r esi storREE&A%N; SHEET
val ue of 330 Chm resistor R2 has a val ue of 68 K-Chm and cgpdcitor Cl has

a val ue of 470pF. The val ues of capacitor C} and resistor RZ dreqel8Etds
20 in such a way that voltage V3 of FIGURE 2b is higher, or}| lless negati ve,
than voltage V2 of FIGURE 2a at tine t1. The voltage dlffere TE, V3-VZ,

peak anpl tude St Eorpakictiaoetletup Sihd B Py | CHISALL et gL AT e
current i4 is eetpledi hebvesn Windigi kpoankiUaRHsSOApQei tor C1 of FI GURE 1.

Stray capacitance CSTRAYAkS sd@p&ﬂdﬁd]tacemt vmondwng:hhgi Lipe aarmayt odeimér-
current 12,517 Qg BRI et i St DR
capacitor &1 awendeﬂ\&ctfeﬂ 3 @trbﬁsédpa%tﬂmc@spar@mtlér formed between
Advant ageous| yhobgoauge @bfle8fon winding Ly and, for example, a vertical
deflection winding, not shown, a yoke fcrfite'cdre, not shown,
and/or other components in the vicinity. In operation, a ringing
suppression network 200, embodying an aspect of the invention,

10 is coupled to a junction terminal 100a, between coil Lj;, and
winding Ly. ‘

—

For explanation purposes only, assume that network
200 is disconnected from terminal 100a. In this case, deflection
circuit 200 operates in a conventional manner. FIGURES 3a-3g
15 illustrate waveforms useful for the explanation of the way Organ
Pipes distortions that are produced when circuit 200 is
disconnected. Similar symbols and numerals in FIGURES 1 and
3a-3g indicate similar items or functions. '
As a result of the switching operation of transistor Q of
20 FIGURE 1, a retrace voltage V1 of FIGURE 3a is developed across
deflection transistor Q of FIGURE 1. A retrace voltage V2 of
FIGURE 3b is developed across winding Ly of FIGURE 1. FIGURE 3c
illustrates a deflection current il that is formed externally to
winding Ly and in a current path of winding Ly of FIGURE 1.
25 FIGURE 3d illustrates a waveform of a current i2 flowing through
stray capacitance CgTray associated with winding Ly of FIGURE 1.
Current i2 represents a difference current, measured between
current il and a current i5. Current i5 flows to ground from an
end terminal 100b of winding Ly that is remote from terminal
30 100a. Current i2 may be measured using a current probe for
obtaining the current difference between currents il and iS5.
During the second half of retrace, current il is smaller
than current i5 because of the effect of current i2. Current i2
affects horizontal scanning because current i2 flows through the
35 windings of horizontal deflection winding Ly. Capacitive current
i2 is dependent on the rate of change of retrace voltage V2.
Current 12 has a positive peak amplitude in the vicinity of an end
time, tl, of the retrace interval where the high frcqucncy content
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injection is provided ih an -AC coupling manner via capaci t of E.ﬂ__ELASEI\I‘nENTSSé'tEET
‘current in winding LHis prevent ed. -7- CLAIMS: 1. A videg spl ay
deflection apparatus conprising: a deflectign winding (LH; 4 120&5%, 1996
capaci tance (CR) coupled to said deflection winding to forma

resonant circuit (100); 5 first swtching neans (QLD)—coupled

to said defl ectdfoneuhpgdi ﬂ&ltié&’s I O AL n@zaﬁgﬁ%gz ﬁ&%g@é’t fﬁ(l\ﬁ{é‘e{ﬁt méc[&ué_]l ?\5
altc

Icgﬁgﬂr]eé ?Edaacr ':aréggeﬁ e Vogtld% céme zero, current 12 becomes zero\

The fast decrease of current i2 to zero, at the end of

retrace, produces current ringing, as illustrated in FIGURE 3d.

5 Organ Pipes distortions may be formed by current ringing in

winding Ly of FIGURE 1 following time tl of FIGURE 3d, the end of

retrace. The waveforms of FIGURES 3e-3g are shown in the

vicinity of time tl1 of FIGURES 3a-3d, but with expanded

amplitude and with an expanded time base relative to those of

10 FIGURES 3a-3d. Ringing of current i2 of FIGURE 3g subtracts from

current 11 of FIGURE 3f and appears superimiposed on deflection
current il that is coupled to deflection winding Ly of FIGURE 1.

. Current il of FIGURE 3f increases at time tl by the

same amount as current i2 of FIGURE 3g decreases. The ringing of

15 current i2 during the 5ps interval of FIGURE 3g that follow time tl

is superimposed upon the downramping or trace portion of

current il of FIGURE 3f that is coupled to winding Ly of FIGURE 1.

The ringing appears also superimposed on retrace voltage V2 of

- . FIGURE 3e, at the beginning of trace. The ringing is caused by the

20 fast fall time of current i2 of FIGURE 3g after time tl.

- In carrying out an inventive feature, ringing
suppression network 200 of FIGURE 1, reduces such ringing.
Network 200 includes a series arrangement of a resistor Rl, a
capacitor C1 and a parallel arrangement that includes a resistor R2

25 and a switéhing diode D1. Advantageously, linearity coil Ly;, is
interposed between deflection transistor Q and winding Ly for
separating winding Ly from transistor switch Q. Linearity. coil
LpLin is non-saturated at the beginning of trace and operates as an
inductor having an inductance of about 10%-20% of the inductance

30 of winding Ly.

- FIGURES 2a-2i illustrate waveforms useful for
explaining the operation of the circuit of FIGURE 1 when network
200 is included in the circuit. Similar symbols and numerals in
FIGURES 1, 2a-2i and 3a-3g indicate similar items or functions. In

35 FIGURES 2d-2i, the amplitude and the time base are expanded in
the vicinity of time t] relative to those of FIGURES 2a-2c.

Capacitor C1 of FIGURE 1 is charged, during retrace, via
resistors R2 and RI to a voltage V3 of minus 20 volts with respect
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defl ection current between said deflection wi nding and said i :

*swi tching neans; characterized in that neans (Cl, Rl1, D1) fol peneraf]

pul se of current (i[err]) that is coupled to said inductanceja d‘l%wgﬁg
deflection winding via a-junction termnal-$100a), that is ifp $aid c en
pat-h between said inductance and said defl ection w nding, saild pulse of 15
current having both a beginning tinme and an end tine in a vi |
instant (t[erro anpend.sas showty i IGINBE ¢bi t Rgerase asliages Xi2d0

current produchigd@piees astus 108 wn&eﬂt]E the [@kidily tdfaftirﬁc% qwz‘ Othél &ed of

2 An” appar at (FSse I S ra s e AP Lo SFORRET T Bl s Phang, o

current (i[err{osister & .colpisetjesss smipalsendfict anaeny i4 |af) FEAdRE2¢ dingo 2

defl ection sM nelimdidd-[ &rfdihal 3100£NoAPPRGYURE aCWytdierd twindigg "Lyl and

characteri zed llirr]uaarity coil Ly;,. Injected pulse current i4 is divided between
coil Li;, and winding Ly according to the ratio of the inductances
of winding Ly and linearity coil Ly;,. A greater portion of pulse
current i4 flows through linearity coil Ly ;, because of its

10 relatively low inductance and subtracts from current i3 of FIGURE

~ 2g. This causes a decrease of current i3 in the vicinity of time tl.
The pulse of current i4 starts to increase at a fast rate just before
time tl, it reaches its peak amplitude at time tl and then has a
slow fall time, as shown in FIGURE 2e.

15 In accordance with an inventive feature, the
suppression of the deflection current ringing is obtained by the
decrease of current i3 of FIGURE 2g, during the aforementioned
short interval in the vicinity of time tl. The decrease in current
i3 is produced by injected current i4 of FIGURE 2e. As a result,

20 deflection current il of FIGURE 2f -is prevented from increasing
after current i2 of FIGURE 2h abtuptly decreases to zero. The
smaller portion of current i4 of FIGURE 2e flows into winding Ly

and prevents deflection current il of FIGURE 2f from decreasing
prior to time tl.

25 Advantageously, the slow fall time" of the pulse of
current i4 of FIGURE 2e, following time tl, provides a smooth or
gradual transient between currents il and i3. Following the short
interval at the beginning of trace, when current i3 is smaller than
current il, currents il and i3 have the have same waveform and

.30 amplitude, during the remaining trace interval, as shown in
FIGURES 2f and 2g, respectively. Advantageously, as a result of
the current injection of current i4 of FIGURE 2e, the ringing that
occur in current i2 of FIGURE 3g no longer occur in current i2 of
FIGURE 2h.

35 FIGURE 2i illustrates a waveform depicting a
difference between currents i5 and i3. The waveform of FIGURE
2i shows that the greater portion of current i4 of FIGURE 2e in
lincarity coil Ly;, of FIGURE 1 is subtracted from current i3 of




that said inductance (L[err]) conprises a linearity correct
*i nductance. 4. An apparatus according to Caim1 character ZBEPLA
pul se of current generating neans (Cl, D1, Rl) conprises ajfifrst
(R1) and a second capacitor (Cl) coupled in"Qeries. 5. An
according to Claim4 characterized by, 30 a di-ode coupl ed
second capacitor ai.d junction termnal . ._ .:8 -

according to C gilﬁ‘?‘gr{'h%gact Yriet %{fe%f’@écoﬁdq'eé’ifs?sp

resi stor

ppar qousliN 1996
etiween sai d
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o Gpparcat usf,
voltage V2 of FIGURE 2d at the end of retrace and the beginning

of trace. The peak of current i4 of FIGURE 2e occurs at the end of

5 retrace, when the rate of change of voltage V2 of FIGURE 2a is
zero. Advantageously, as a result of current i4 of FIGURE 1,
voltage V2 does not include ringing.

paral l el with salavigi after (e, t17.0of RAIGQURE 2h, spioaydiagf hesmp
conpr i_si ng:

A conventional East-West raster correction circuit may

be coupled to end terminal 100b of winding Ly that is remote

10 from linearity coil Lp;,, in a conventional manner not shown. In

 this- way, both East-West raster distortion correction and

suppression of Organ Pipes ringing may be maintained.

An arrangement similar to that shown in FIGURE 1

mayy be implemented to pfovide horizontal deflection for a 34",

15 16:9 aspect ratio CRT, operating at a horizontal frequency 2fgy. In

this case, winding Ly has an'in_ductance of 350uH, resistor R1 has

a value of 330 Ohm, resistor R2 has a value of 68 K-Ohm and
capacitor C1 has a value of 470pF. '

The values of capacitor Cl1 and resistor R2 are selected

20 in such a way that voltage V3 of FIGURE 2b is higher, or less

- negative, than voltage V2 of FIGURE 2a at time tl. The voltage

difference, V3-V2, and the values of capacitor C1 of FIGURE 1 and

of resistor R1 determine the peak amplitude of current i4 of

FIGURE 2e. The fall time of the pulse of .current i4 is determined

25 by resistor R1 and capacitor C1 of FIGURE 1. '

Stray capacitance Cgrray is dependent on winding Ly.

The amplituac of current i2 strongly depends on the amplitude,

pulse-width and the rate of change of voltage V2. Therefore, the

values of resistors R1 and R2 and of capacitor Cl are selected

30" based on such parameters. Advantageousdly, because current

injection is provided in an -AC coupling manner via capacitor CI,
DC offset current in winding Ly is prevented.
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a deflectioWndiag_j_LMnd a retrace capacilt nceéQ@‘M 995 ‘ \
- coupled to smﬂ’ﬂm&mlg n wmnding (LH to forma retrace rgs nant “&1'T cui t 1 i\
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(100); first | (D.Q coupled to said deflectipn|wi nding—"" }
(L[err]) for gene onant retrace-pul se voltage (V3) at a first

term nal of said deflection*wi_ndi ng (100a) and a 10 def | edt i on—eurTeENt
(iJerr]) in said deflection w nding, said retrace pulse voltage

pr oduci ng a capacitiv%L—A%%?rent (iferr]) in an inter-w nding
capaci tance (C2) of saididefAecideondiwipidy ndefi¢raiondappesmes wdmeprisiagd

retrace pul se vol tage cegsgsnesfd WiRaifAg e )R sai d capacitive current .
producing an increase in a current (i[err]) that 15 flows in s igefirst
termnal ;. characterized RnTefage neapigifaree” €¢R)pepuplsshitey spi s‘g‘?f G nal
for generatingvanding aot {Puhse fetfaeer fgsonane citguier@OPyt h that incl udes

said termngl, when saidghel race M S iS¢, D) cSupIBE"E {04 "ELESiSh
. winding for producing a deflection current (iy, i5) and a retrace
pulse voltage (V2) therein; _
an. inductance (Lpyyn) coupled in a current path of said
deflection current between said deflection winding and said first
10 switching means; characterized in that
means (Cl, R1, D1) for generating a pulse of current -
(i4) that is coupled to said inductance and to said deflection
winding via a junction terminal (100a), that is in said current path
between said inductance and said deflection winding, said pulse of
15 current having both a beginning time and an end time in a
vicinity of an instant (t;{) when said retrace pulse voltage ceases,
said pulse of current producing a decrease in a current (i3) that

flows in said inductance, during a beginning portion of a trace
interval.

20 2. An apparatus according to Claim 1 characterized in
that said pulse of current (i4) is AC-coupled to said inductance
(Lrin) and to said deflection winding (Lg).

3. An apparatus according to Claim 1 characterized in
that said inductance (LpjN) comprises a linearity correction
25 inductance.

4. An apparatus according to Claim 1 characterized in
that said pulse of current generating means (Cl, D1,-R1) comprises
a first resistor (R1) and a second capacitor (C1) coupled in series.

5. An apparatus according to Claim 4 characterized by,

30 a diode coupled between said second capacitor and said junction
terminal.



rate of sald—%ﬁﬁ’m;_ﬂrst term nal current such that 20

foll ow ng m“‘“ “ of a trace interval, said current pul se
ceases.
(100&) |c

ding to daim 7 char act eff '\;@‘WtSMWd
t erm nal S boupl ed between sai d defdection wi ndiln aRe—Saig
first switching neans (D, Q. 25 9. An appar tus accorﬁg t g
Caim 7 characterized t[)§y a linearity coil- LLIZ% cougl 3
first swtching means (¥-Q AdndPB# acerdingido Sy |\ Eﬁcﬁ

sai d current palsseogénesstondR2earmupldll,inGharalle] . with. saidnd paﬁat).us,
according to Claim 9 charaacterized 30 in that sai-d curkent pulse—

generating means (R1, Cl, Dl) is coupl ed between said I|near|ty coil (LLIN)

and said deflection wi ndln A( L\{1gp9]qlsplay deflection apparatus, comprising:
a deﬂecuon winding (Lg);

5 a retrace capacitance (CR) coupled to said deflection
winding (Ly) to form a retrace resonant circuit (100);
first switching means (D,Q) coupled to said deflection
winding (Ly) for generating a resonant retrace pulse voltage (V2)
at a first terminal of said deflection winding (100a) and a
10 deflection current (is) in said deflection winding, said retrace
pulse voltage producing a capacitive current (ip) in an
inter-winding capacitance (C2) of said deflection winding that
decreases when said retrace pulse voltage ceases, said décrcase in
said capacitive current producing an increase in a current (i;) that
15 flows in said first terminal; characterized in that
means (RI1, CI, Di) coupled to said terminal for
generating a current pulse (i4) in a current path that includes said
terminal, when said retrace pulse ceases, in a manner to reduce a
rate of said increase of said first terminal current such that

20 following a beginning portion of a trace mterval said current
pulse ceases. '

8. An apparatus according to Claim 7 characterized in
that said terminal (100a) is coupled between said deflection
winding (Ly) and said first switching means (D,Q).

25 9. An apparatus according to Claim 7 characterized 'by,
a linearity coil- (L yn) coupled ‘between said first switching means
(D,Q) and between said deflection winding (Ly) and said current
-pulse generating means (R1, C1, D1).

10. An apparatus according to Claim 9 charaacterized
30 in that said current pulse gcnerating means (R1, Cl, DI1) is coupled
between said linearity coil (L;(n) and said deflection winding (Ly).
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o*h saidh dragsr fRierydn wi ndi ng, during a portion of said trace
foll ows said beginning portion of said trace

12.  An apparatus according to Claim 7 characterized
in that said current pulse generating means (R1, Cl, DI) comprises
a third capacitance (C1) that is coupled to said resonant circuit for
applying said retrace pulse voltage (V2) to said third capacitance
to develop a voltage in said third capacitance, during said retrace
interval, said third capacitance voltage producing said current
pulse (i4) and second switching means (D1) for decoupling said
third capacitance from said deflection winding, 'during a portion of

said trace interval that follows said beginning portion of said trace
interval.

13.  An apparatus according to Claim 7 characterized
in that said current pulse (ig) causes a parasitic ringing in said

deflection current to be suppressed for preveniing organ pipes ,
distortions.

14.  An apparatus according to Claim 7 characterized
in that said deflection winding (Ly) comprises a horizontal
deflection winding.

15. A video display deflection apparatus, comprising:

a deflection winding (Lg);

a retrace capacitance (CR) coupled to said deflection
winding to form a retrace resonant circuit (100);

first switching means (D,Q) coupled to said deflection
wmdmg for producing a deflection current (is) and a retrace pulse
(V2) therein;

an inductance (Ly) coupled in a current path of said
deflection current between said deflection winding and said first
switching means; characterized in that

a series arrangement of a resistor (R1) and a second
updutor (C1) for producing from said retrace pulse voltage a




interval. 15~ apparatus according to Claim 7
‘characterized in t HI!HMIHI ﬂﬂtlﬂg!mpul se (i4) causes a parasitic ringing in
sai d deflecti on curte essed foy reventl ng organ pipes

di stortions. An appar at us accor di ng to al m 7 characterized 20 in

that said deflectlon winding (L[err]) conprises a horizontal
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resistor fromlimting RASTER DISTORTION AVOIDANCE ARRANGMENT

ABSTRACT |
Organ pipes distortions, caused by parasitic ringing in
a horizontal deflection current (i) are suppressed by forming a
current pulse (i4) in a current injection arrangement (R1, CI,. D1).
S The current pulse is coupled to a junction terminal (100a)
between a terminal of the horizontal deflection,winding where a
high retrace pulse voltage (V2) is developed and a low voltage
terminal of a linearity correction inductance (Lyyn). A high
voltage terminal of the linearity cormrection inductance is coupled
10 to a horizontal output transistor (Q). The current pulse begins
prior to the end of retrace and ends during the trace interval.
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