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—A FE:E‘BBACK ARRANC—ENENT IN A DEFLECTI ON CIRCU T qGOZ ,7 , 2

a cat hode ray

In

fnventlon relates to a deflection CII’CUIt out put st age of
tube (CRT).in-a television receiver or bther such RCopB&PEZevi ce. .
particular, the invention relates to.a 5 feedback network in a* horizont al

deflection circuit output stage in whi ch _a sw t chi ng out put o
transi stor, oped?aFEE@lg &&MGWENTMBEW(HE{&F}TEM i on

current in a horizont

A typical hori zont al ect lon cir IS use
t el evi si on SF%BFere?SC‘F goray qube ﬁéh l)rmdﬁl eViSigN receiver or other

such display device. In particular, the invention relates to a
5 feedback network in a horizontal deflection circuit output stage in
which a switching output transistor, operating in a switching
mode, produces a deflection current in a horizontal deflection
winding of the CRT.
A. typical horizontal deflection circuit that is used in

ﬁﬁUnO'i‘elates tW' gdueﬂee{mhh&&?ﬁ outglr;tl: ué coI or

10 various color television receivers includes a c'lriv_e: or drive stage
having a transformer coupled to a control terminal of the output
transistor of the deflection circuit output stage. The driver stage P
further includes a second switching transistor having a collector -
. electrode that is coupled to a primary winding of the transformer.
‘15 When the switching transistor of the driver stage is conductive,
magnetic energy is stored in the inductance of the primary
windirig. At the same time, a transformer coupled voltage |
~ developed across a secondary winding of the transformer causes -
the switching output transistor of the output stage, driven by the | ™uiZ 1
20 voltage developed in the secondary winding of the transformer, tof 3 '§} '§e go §
be non-conductive. When the second switching transistor of the 8 & 8 B
 driver stage becomes non-conductive, the stored magnetic energy | ., 3 9 2 2
. . . - . . Pt —iop or
in the coupling transformer produces, in a flyback manner, a =l PN
winding current that flows in the secondary winding of the L T3 '§,, b
25 coupling transformer to form a forward base current. The Q & (& & &
forward base current drives the deflection output tramsistor into |3 5 *
saturation prior to the beginning time of the upijamping collector E Ej% g :E-?:
current in the output transistor. X BERE
In one prior art circuit, the transformer has a winding] YWRNK
30 that is coupled in a current path of the collector current of the
switching output transistor. In the second half of trace, the EJ,E!-:E'I —
collector current in the output transis;br increases in an >y
upramping manner. The upramping collector current is couple g 2 § g
via the transformer to the base of the output tramsistor, in a |Q g 9_.5 -3
35 positive feedback manner. The result is that an upramping ba A *"" / 3 g
~ current is generated. ’g 2ygg
In such prior art Cll’CIllt, the deflection circuit might 5 IAEE
Mal stable state, should the value of the |i z ? ;g
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-hayvi:ng a t r ansf or mer coupled to a control termnal of the output
transi stor of the deflection circuit out put stage. The driver stage
further includes a second switchi ng traQS| stor having GR 4@§gfr

el ectrode that is coupled to a prinmary W nding of the rans grner. 1
When the switching transistor of the driver stage is conductive,

TRgneti ¢ engnt gt itahibrbhic HUKGE AEC ol rabsigfBE Yoo grea pigncli ng.

At the same or mer acr oss a
secondary viham, nfproexample; fnsf In the sbmommal stable hstatei thﬁnpﬂjlkout put

transi stor %Emﬁdeubp%es%ﬂéft&' 'c\iﬁ‘én'i?ylst 'Tﬁ‘rg%? thatP!ihd %rﬁ'ﬁ‘!eétéﬁ in the

. secondary W n non-co uct Ive. en t he

second SWi t%tﬁF%ggWrmgst%}r‘&gFmﬂhem 31‘°"Bﬁ¥evéfa%°c d&&ﬁ ymagd smalle
D Ssicun.” . I dcrtme ety s SHenn, e B8 S o e o
Eegoﬁg:?y L\#‘ﬁ%‘i'vrﬁjx‘ofc#h &d %W% %’?trrépcﬁ aﬁ’EPWm ?V%f‘%rd base
current. Tstate opefmmnrd base current dr| ves t he defl ection out put
R N T
‘ aspect of the invention, includes a deflection winding coupled to a
- 10 retrace capacitance to form a retrace resonant circuit, during a
retrace interval of a deflection cycle. A first switching transistor
is responsive to a control signal at a frequency that is related to a
deflection frequency developed at a control terminal of the
. transistor. The transistor has a main current conducting terminal

15 that is coupled to the retrace resonant circuit for generating a

| deflection current in the deflection winding. During a portion of a
trace interval of the deflection cycle, at least a portion of the
deflection current flows in the main current conducting terminal.

A transformer has a first winding that is coupled to the control .

20 terminal of the first switching transistor and a second winding
responsive to a signal produced by the first switching . transistor.
The transformer develops a ramping portion of the control signal
in a positive feedback manner with respect to the current in the
main current conducting terminal of the first switching transistor.

25 A feedback network responmsive to a signal produced by the first
switching transistor develops -a feedback signal that is applied to a
control terminal of the first switching transistor in a negative
feedback manner with respect to the current in the main current
_conductmg terminal. |

30 In accordance with an inventive feature, the feedback
signal prevents the aforementioned abnormal steady state -
operation. I -

FIGURE 1 illustrates a horizontal deflection circuit
,  output stage including a feedback network, embodying an aspect
35 of the invention, coupled from a trace capacitor to a driver stage;

FIGURES 2a-2d illustrate waveforms useful for

explaining the operatlon of the circuit of FIGURE 1 in normal
operation; and
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ln oné prior art ‘circuit, the transforner has a windi.ng 30 that is.

toupled in a current path of the collector current of the swtching .
output transistor.. In the second half ®f trace, the RCA®®,08%tor current
in the output transistor increases in an “upranpi ng manner. The

upranpi ng col l ector current is- coupled via the transformer to .the.base

of the output ransi SERGURBS234-5e m%htawewaeeflﬁw ifi2ABfbrmal Ne resul t
S al an u n

| n
Soch ori o 4PadRT stk ObeFAEoRfara; dHectipRy Rt as i Figureobcbite in an
abnor nal stwhheustmbefeerrhuckdnbhaomlofemﬁvm_ﬁ 1.

_ FIGURE 1 illustrates a driver stage 100 for driving a
5 = switching output transistor Q2 of a horizontal deflection circuit
~output stage 101 of a television receiver, embodying an aspect of
the invention. A conventional horizontal oscillator 102 produces
an output signal Vggc. Signal Vggc is at a horizontal frequency of
2xfy that is approximately 32 KHZ. Signal Vgsc is coupled via an
10 emitter follower, not shown, to a base electrode of a driver
transistor Q1. Frequency 'fH, that is about 16 KHZ, is the ho;'izontal
deflection frequency in, for example, the NTSC standard. Thus,
frequency 2xfy.is substantially higher than 16 KHZ.
. Oscillator 102 is controlled by an on/off control S1gnal
15 Signal on/off causes transistor Q1 to be turned on when signal
on/off is at the "OFF" state, throughout standby operation. A
collector of transistor Q1 is coupled to one end terminal of a .
primary winding W1 of a coupling transformer T1. The other end
terminal of winding W1 is bypassed to ground by a filter capacitor
20 C1 and coupled via a current limiting resistor R1 to a source of
supply voltage V+ such that resistor R1 and capacltor Cl form a
: npple filter. . :
A secondary winding W2 of transformer T1 is coupled
- across a base-emitter junction of transistor Q2 and across a
25 resistor R4, A juncuon terminal 101a that is coupled at a junction
of winding W2, resistor R4 and the emitter of transistor Q2 is
coupled to one end terminal of a winding W3 of transformer T1.
The other end terminal of winding W3 is coupled to ground.
The collector of transistor Q2 is coupled in series with
- 30 a diode D3 to a conventional damper diode D2 of a horizontal
deflection circuit 103. Circuit 103 includes a horizontal deflection
" winding Ly, a retrace capacitor C4, a trace capacitor Cg, a linearity
inductor LIN, and a linearity resistor R5 that are coupled in a
- well-known manner. Diode D3 prevents reverse collector current
35 from flowing in transistor Q2 and in winding W2 or W3. A supply
voltage B+ is ‘coupled to circuit 103: via a winding T2a of a
‘horizontal flyback transformer T2. During retrace, circuit 103

forms a retrace resonant circuit that includes capaclmr\,\
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2 .. "+ This Sheet BB BEH H: %%da\rreter, hFE, of the output transistor be gre'ater
n

t han, fa IﬂEmﬂku t he abnormal stable state, the peak anpl i tude
of the ' nt is larger than<in nornmal ste oghat e
operati i n alternate trac}i nterval s, an?%?‘a??’e"r 5 than in

normal steady state operation, in the other alternate trace I nterval s.

N diag' £t b : . t tion.
A ot ovi o1 CHEARE Byt Akl Qiffing TINC DACHR o€l Cliouy 103 RpfnfCT 211 7
i nvent i on, tracel Fesenantdeincadt ithat vingludes &acsl eapaciter £ andetwinding

capaci tancg o ,wlﬁ@ Bt ra%aeVﬁSaegég‘odﬁbée%éth i 'Sty and id ¥hhace
I nterval of deflection cycle. A Tirst swtching transi'stor s
responsi ve @de OPSTAUPNS; gnal at a frequency that is related to a-

def | ect§on frequency FIGERES 282 illastratd idealizéd! opfapproximated -
transistor. The transisiqr shas a ,ni.n ctﬁ;rent conduct i nﬁ te{.n} nal 1 5 that
feg Q '

i s coupl ed WayeigEms usetul for explaining  the normal, opera he
circuit of FIGURE 1. Similar symbols and numerals in FIGURES 1

and 2a-2d indicate similar items or functions.
- In operation, driver transistor Q1 of FIGURE 1 is -

10 conductive as a result of signal Vogc of FIGURE 2a being positive
until time t; of FIGURE 2a that causes transistor Q2 to be
nonconductive. The magnetic energy supplied by a collector

~ current I.; of transistor Q1 is stored in winding W1 of FIGURE 1.
-When transistor Q1 is turned off, during interval t;-t3 of FIGURE

15 2a, the stored energy produces in winding W2 of FIGURE 1 a
forward base current I, of transistor Q2. Current I, is sufficient
to turn on deflection transistor Q2 and to maintain it in saturation
prior to time t; of FIGURE 2b. '

N The amplitude of current Iy of FIGURE 2b remains

20 substantially constant during a latter portion of the first half of
trace, interval tj-t;.  This is so because windings W2 and W3 are
heavily loaded by the low impedance of the base-emitter junction
of transistor Q2. At time tj, a deflection current Iy in deflection

.+ winding Ly of FIGURE 1 reverses polarity. As a result of current

25 reversals in deflection winding LH of circuit 103 of FIGURE 1 and
in a flyback transfdrmgr winding T2a, collector current I, starts
flowing in transistor Q2 of FIGURE 1 after time ty of FIGURE 2c in
an upramping manner. -

| Upramping collector current Ici that flows as an

30 emitter current through winding W3 of FIGURE 1 is transformer-

- coupled through current transformer T1 to the base of tramsistor
Q2 in accordance with a turns ratio N2:N3 of windings W2 and W3,
respectively. Transformer coupled current I 5 provides a major
portion of upramping forward base current Iy of transistor Q2,

35 during the second half of trace, interval t-t3, when collector

' current I, is upramping. The base-emitter junction of transistor
Q2 forms a very low impedance across winding W2. Therefore, a
performance similar to that of an ideal current transformer



. —
deH Thildn Qb HasBeenReplacedhe def |l ection winding. During a portion of a

‘trace deflection cycle, at least a portion of the .
defl ec “MMimm “\eovvs in the main Clgrent conduct i nRCRKERFIORE! - A
transf Irst winding that is coupled to the control 20
termnal of the first switching transistor and a second wi ndi ng
{ranst or meoRtEsupR e SRR TH épblimice’ Tt T colififng M cafhe fn - ThE
positive femihhng Whnter W\lndmge ct The requized rtawn Iale h\getween mai n )
.current cORgiffih g WX HndPwar id fa%témﬁmdsuytqiv @ﬁrfermngamt bpg of5 A
f eedback netvvor r onsive to a,signal pro the fir
swi t chi ng ttFANEIStOr R 2¢ e eNGREL agal“ée&ﬁc‘l? ttﬂt./?tra?%e éé & for,
fcgg;lr)g!:?(t rer;drjlar?g?élvemo%td]ﬁ ir B r;st SWi thchl ng tranS| stor in a negat ive :
conducting-term nal . B r%‘f’nngt ésee C%urép néh%tpc}gh@%%@ho aLrl%lnt/%% F‘\}%
feature, tHgy flsedtchxcled in winding V2pof FIGURENE emlyr affenttimack abnor nal
ﬁ;??ggnf ;ﬁt@cﬁqu i‘on CI rcu&[ormer coupled upramping Gdfrerk It} ot rates @
' FIGURE 2c is added to the aforementioned current already
- 10 provided by the stored magneuc energy in transformer T1 of
FIGURE 1 to form upramping base current Iy; of FIGURE 2b.
During interval ty-t, base current Iy is produced mainly from
current I, of FIGURE 2c. The rate of change of current I, of
B FIGURE 2b closely tracks the base current requirement of | |
15 deflection transistor Q2 of FIGURE 1 having upramping collector
current I, of FIGURE 2c. 'Thus, with respect to collector current
I.o, base current Ipy varies in a positive feedback manner. '
Therefore, the conductivity of transistor Q2 of FIGURE 1 is
controlled in a manner tliat maintains transistor Q2 in saturation
20 without significantly overdriving the base of transistor Q2, during
the second half of trace interval, ty-t3 of FIGURE 2b. ' Cut-off of
transistor Q2 of FIGURE 1 is initiated at time t3 of FIGURE 2c, when
- transistor Q1 of FIGURE 1 is switched into saturation, as explained
in a copending U.S. Patent Application Serial No. 481,426 entitled,
25 . A DEFLECTION DRIVER IN A VIDEO APPARATUS, in the name of
Bruno E. Hennig, that is incorporated by reference herein.
A feedback network 200, embodying an inventive '
_feature, includes a capacitor 202 coupled in series with a resistor
201. Network 200 is coupled between a terminal 103a of trace
30 capacitor Cg and the collector electrode of transistor Q1. Terminal
103a is coupled between capacitor Cg and winding Ly. A resistor
203 is coupled in series with a capacitor 204 to form a damping
network arrangemént that is coupled to the collector electrode of
~ transistor Q1. Network 200 prevents the occurrence of an
35 abnormal steady state operation. '
' FIGURES 3a-3e illustrate approxlmate waveforms that
occur in such abnormal steady state operation under the
conditions that network 200 is removed from the circuit of




out bu"t' stége i ncludi'ng a feedback network enbodyi ng an aspect 3 5 of the
I'nvention, coupled from a trace capacitor to a driver stage;

FI'GURES 2a-2d-illustrate waveforns usef@l for - eXRICA 86(882 he
operation of the circuit of FIGURE 1 in nornal operation; and
3 FI GURES 3a-3e illustrate wavefornms in abnornal

steady statFIGURE:] aadf the hpgebf aransistoruQB isslirgerithan.c fdr knample,
6. Similar symbols and numerals in FIGURES 1, 2a-2d and 3a-3c
indicate similar items or functions. : |

o " When the nominal value of the hgg is larger than, for

5 example, 6, base current Iy of FIGURE 1 is capable of driving
transistor Q2 into saturation at a level of collector current I), at
the end of trace, that is higher than in normal operation. The
negative peak amplitude of current Iy at time t, of FIGURE 3b, at
the end of retrace, is approximately equal to the positive peak

10 amplitude of current Iy at time t,, at the end of trace. During
trace, the rate of change of current Iy is predetermined and
established by circuit parameters such as voltage B+. The
-excessively large peak amplitude of current Iy at times t;, and t
of FIGURE 3b causes the positive peak amplitude of current Iy at

15 time t;, at the end of the following trace interval, to be smaller
than at time t,, at the end of the preceding trace interval.

_ Thus, in the abnormal steady state operation, each of
peak collector current I of FIGURE 3a and of base current Iy, of
FIGURE 3e of transistor Q2 of FIGURE 1 is larger than in normal

20 steady state operation, in alternate trace intervals. On the other
hand, in the other alternate trace intervals, the peaks of collector
current Ic» of FIGURE 3a and base current Iy of FIGURE 3e are
smaller than in normal steady state operation. Also the peak

. amplitude of each of flyback collector voltage V.9 of FIGURE 3d

25 and of defection current Iz of FIGURE 3b is larger than in normal

| operation, in alternate deflection cycles.

Whencollector current I o2 of transistor Q2 of FIGURE 1
is at the peak level, at the end of trace, the hgg becomes even |
smaller than its nominal value. The abnormal steady state does

30 not occur when the nominal value of the hgg is smaller than, for
example, 6. It is believed that base current Iyy produced in a
positive feedback manner through transistor T1 cannot sustain
the large peak level of current I;5 at the end of trace, when the

- nominal value of the hgg is smaller than, for example, 6. It follows

35 that only normal steady state operation can be sustained in which
the peak level of current I.2 of FIGURE 2c is the same in each
cycle
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wit hout the feedback network of FI GURE 1. FI GURE 1 |
~i'l'Justrates a driver stage 100 for driving a 1 5 swtchi n&gég

transistor - of a horizontal def | ectiod circuit 8 ge 101 of a
tel evision receiver, embodying an aspect of - t he inventi on.

conventional horizontal oscillator 102 produces an out put _sij gnal

V[err] Signal V[ err] Network 200 that: incyudeguresistost 201, coupaedtimt i s

PO over . negrie kith cHpdcpor D07, KorfsCd Reeibich pah bOweel Bl
Frequency f [ m ‘gf t iBa‘RF% Pq ttl??e‘ ﬁ%‘f‘f‘%o\’ﬂtgl dE’H"":?%&'ef | ection
f rgquency : wm&mg ekpmal dracehresvhant tircuitir dnd Tthes collector eleegrodec pf2xfH i s
subst antd a | '
contr ol }sled i‘wg ﬁ%ﬁ% ls;t&arcgntrol eélr?gfk 'é"e“‘s.Ib’na? @?@5‘% k’acaus“;és?&drﬁ
transi st or t Db dif melmmtmrgnﬁtom a parahol# fvoltage peof OFF"
state, thropgy 53@'83%1 ﬂéfd%ﬁ cai:acuor Cg‘ﬁf‘ FIGURE)fl thﬁcg‘étVr Ql is

coupled to gne en termn primary w nding upplng
t r ansf or mer that, isy wnmpmﬂj urmg ﬂ@rrspem ohalf; ﬂﬂ.mgcwm BhFassed t o

ground by acﬁtrbherlpc%lﬂaFIGUlREOI thatl flsws dnuheediréction. 6L thedrrowlr ting
resist 90 Rldu?re%lts Il:Jrfs applled via winding W1 of transformer T1 in a
"manner that bypasses winding W2 to the base of transistor Q2.

" Current Ig is applied in a negative feedback manner
with respect to the collector current I;5. Current Iz produced by
network 200 causes base current Iy to be smaller than what

15 would be required for sustaining the abnormal steady state

_ operation. Therefore, - it is believed, base current I cannot
sustain the abnormal steady state operation. Thus,
advantageously, only normal .operation base and collector currents
can be produced in transistor Q2 for any nominal value of the hgg

20 of transistor Q2 selected from a tolerance range of values

between, for example, 4 and 7. As explained before, ‘without

- network 200, normal operation can be obtained when the hgg is, -

for example, smaller than 6, but not when it is greater than 6.
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supp y ch that resistor RL and capamtor Cl forma
r|_ppl e f| . Imﬁ” I"jmuu "J"L A secondary w ndi ng W2 of transformer T1 —
i s coupl ed’ ase-emtter $unction of traREABO(EE and across

a 25 reS|stor R4 AJunctlon termnal 10la that is coupled at a junction
~of winding W, resistor R4 and the emtter of transistor Q2 is

coupl ed t o WHATS Clw&iiMEDtS a winding WB of transfornmer TI1. .The
ot her end term nal of Wi g i)dggj

The col | ector of tranS| S or: &%dn a@gw&ﬁgn&;& F’es V\ndtlfﬂplag 0 adi ode D3
to a converﬂpmatu&iamﬂpﬂlsmﬁ« D2 of a horizontal ' ‘defl ection circuit

103. Grcuit 103 inclliqRFleetivi '\ii‘i’l'?l‘i\?% Q) &dupléd to a mm&il ng Llerr], a

retrace capaC| tor C4, trace capacl [ nduct or

err near
LIN, and acapacianes,’ (U 4o fome wa@raepqmneoplrwr& durihg e | - known
manner . Dreﬂacaeqmeﬁwanbs aedaﬂe@uapld;ﬁﬁéor current 35 fromflowng in

oot To ol 1 R Sl b P00 rspongf,1ASE Gl
transf or nersigieal (fyg) Ay aeircqt;encyzu tiis velated to a deflection rfsrequercy
-resonant CigSdidpdd'dt a"cofidl fetRhai Ybasé) of said transistor and

having a main current conductmg terminal (collector) that is

coupled to said retrace resonant circuit for generating a deflection

current (Ig) in said deflection winding such that, during a portion

' (the second half) of a given trace interval of said deflection cycle,

at least a portion of said deflection current flows in said mam _

current conducting terminal; '

a transformer (T1) havmg a first- winding (W2) that is
coupled to said control . terminal of said first switching transistor
and a second winding (W3) responsive to a signal produced by
said first switching transistor (Ig) for developing a ramping
portion of said control signal in a positive feedback manner with
respect to the current in said main current conducting terminal of
said first switching transistor such that a change in said current
that flows in said main current conducting terminal of said first
switching transistor, occurring in a ramping manner during said
_portion of said given trace interval, produces a change in said
ramkping- portion of said conmtrol signal during the same portion of
said given trace interval; characterized by

a feedback network (201,202) responsive to a signal
(Vp) produced by said first switching transistor for developing a
feedback signal that is applied to a control terminal (base) of said
first switching transistor in a negative feedback manner with
respect to the current in said main current conducting terminal.

2.  An apparatus according to Claim 1 characterized
by, a source (102) of an input signal (Vosc) at a frequency that is
related to said ‘deflection frequency and a second switching
transistor (Q1) responsive to said input signal and having a main
current conducﬁng terminal (collector) that is coupled to a third

5
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m‘“—mm“\and winding LIN. During trace, circuit 103 forms a
‘trace rw |\ hat includes trace capacitor Cs and w ndi ng
Lferr] tages 'B+ and V+ -are produced both in st andbRCan86{082 un

node operations. . FI GURES 2a-2d illustrate idealized or
appr oxi mat ed ' vvaveforms useful for explaining the normal operation of

the Widihg EW 1D GFREaill tRin¥EbAhes YoROpendratingunE sWitchingh| CURES: 1
current (I;;) in said third winding that is transformer coupled via
said transformer to said control terminal of said first switching
transistor to control timing of the sw1tch1ng in said first switching
transistor.

‘ . 3. A deflection apparatus according to Claim 2
~ characterized in that said feedback network (202, 201) comprises
a first capacitor (202) having a first terminal that is coupled to a
junction terminal between said second switching transistor (Q1)
and said third winding (W1).

4. A deflection apparatus according to Claim 3
characterized in that said feedback network (202) further
comprises a resistor (201) that is coupled in series with said first -

. capacitor (202).

| 5. A deflection apparatus according to Claim 3
characterized by, a trace capacitor (Cs) coupled to said deflection
winding (Lg) wherein a second terminal of said first ‘capacitor is
coupled to a junction terminal (103a) between said trace capacitor
and said deflection winding (Ly). -

6. A deflection. apparatus according to Claim 2
characterized by, first switching means (D2) coupled in parallel
with said first switching tramsistor (Q2) for conducting at least a
substantial portion of said deflection current (Iy) in a manner that
bypasses said first switching transistor during a first half of said
trace interval of said deflection cycle such that during a second
half of said trace interval, at least a substantial portion of said
deflection current is conducted, instead, in said first switching
transistor, wherein said second switching transistor (Q1) generates
said current in said third winding (W1) prior to an instant within
said trace interval when the current is switched over from being

- conducted in said first switching means to being conducted in sald
first sw1tch1ng transmtor '
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qngﬁ@- 2d indicate simlar itens or functions. i I n

op ﬂ" lmi , m ansistor QL of FIGURE 1 is 10 conduct as a result -
of ,1 !I Jm " [FI GURE 2a being poltive unt RICAiSésag%err'] of

FI GURE 2a t ht caudses transistor @ to be "~ nonconductive. The

nmagnetic energy ‘supplied by a col I ector current I[err] of transistor
QL i's stored in w ndithg Ml defleEtiGhREpparatus accowlingt toa £ QL is turned

©oof f, during,i | qtEergl st r I ; i d el
o oduces. | prafAcibZeg et S’ fecbnd S a‘ﬁg'o“g"ﬁr‘ég‘ﬁ%s‘?ﬁ@%l.%ﬁ iferr] of
transi st or prRducks Asnsaid sransformer f(F1); anfirst portipp (Hace),OLy8¥ect i on
transi st or codtldsighala(lijy)i inid flpback unahnen that “inithatesr turm-onne t2 of

FI GURE 2b. . . . The.amplit .0f C n [er FI GURE 2b
remai ns 20 OPCEAHRY AR iséFq yﬁ’c',scsn§\véﬂ‘fﬁ? r‘i%ﬂ‘g”g{qfat%? %‘b‘htfo#cgﬁh the first
. C\Zl f gf 8 portibnactetradd)ef)ﬂasaid[ eonirol [ signal thatiinitiatesoabturmsoff wi ndi ngs
V2 ant are_ .. . heguil gl .npedance of the base-emtter’
junction °perat6?nf[fl£_n 1 tiFsWﬁERﬁw?@“é’l’aef | ection current [err]H in
defl ection winding L[err] of FIGURE 1 reverses polarity, As a result

‘g‘[ CfJ‘FJ;E“;‘“;n? revergal 3 iqarRetionChppiraths Hcbordih@’ td Cfaimi ncuit 103 of .
characterized in that said second winding (W3) is coupled in a -
main current path of said first switching transistor (Q2) such that
a current that flows in said main current path is coupled to said
control terminal (baSe) of said first switching transistor via said

second winding.

9. A deflection apparatus according to Claim 8 - -
characterized in that said first switching transistor (Q2) comprises
a bipolar transistor and wherein said first winding (W2) is
coupled to a base electrode of said first switching transistor for
generating said control signal (Iy2) as a ramping base current,
during a second half of said trace interval. -

10, A deﬂection apparatus according to Claim 1
characterized in that said first switching.'transistor' (Q2) comprises'
a bipolar transistor and wherein said second winding (W3) is
coupled to an emitter electrode thereof such that said emitter
‘electrode thereof is interposed between said deflection winding
(Lyg) and said second winding.

11. A deflection apparatus according t§ Claim 1
characterized in that said deflection current is at a substantially
higher frequency than 16 KHZ.

12. A television d_efleétion apparatus, comprising:

a deflection retrace resonant circuit including a
deflection winding (Ly) and a retrace capacitance(C4);
, -a first switching transistor (Q2) responsive to a control
signal (I;) and coupled to said retrace resomant circuit for.

Fi .
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in-a fbeack transformer winding T2a, collector current I{err] starts

£1 owi ngrrummmrm“m”mllof FIGURE 1 after time t[err] of FIGURE 2¢c in

an upra 1Ypranpi ng col | eRCA 85,082nt |[err]
that flowd aS M3 @ e&nmitter current through winding W8 of FIGURE 1 is
transf or ner - coupl ed through current transformer Tl to the base of

transi stor Hatibna th eRite® A2dbBleefion ndi ngs W2
and V3, pel’forrénsﬁ%;:tlvﬁﬁgt ﬂ%}éﬂ) rngftc%%%%nd ctE?rent I[eerlro] provi des a
maj or Cupesnt fmuﬁ %ﬂ current I[err] of transistor
- @, 35 during the gefeflsttigi foseillatorc €102)nfor Vgdnerating] an| enpyt when

coll ector ional fg?r e%i rﬁ%[ rﬁéqﬁeﬁ}c&p'ifﬂpwgelate-ﬁ"%bfiﬁ er J“nCt'On of

transi stor edance across w nding
Ther ef or e, feequencyper formancé similar to that of an ideal current

transformer a driver stage (Ql) responsive to said input signal for
generating a drive signal (I¢1); :

a deflection driver transformer (Tl) havmg a first
wmdlng (W1) that is coupled to said driver stage and is
responsive to said drive signal, a second winding (W2) that is
coupled to a control terminal (base) of said first switching
transistor (Q2) and a third winding (W3) that is coupled in a
collector current path of said first switching transistor for
transformer coupling each of said drive signal and collector
current to said control terminal of said first switching transistor to
develop corresponding portions of said control signal at said
control terminal; characterized by -

a feedback network (201, 202) responsive to a signal
(Vp) that is produced by said first switching transistor and
coupled to said control terminal of said first switching transistor
via a signal path (W1, W2) that bypasses said third winding for
generating a feedback signal - -that is coupled to sa1d control
terminal of said first switching transistor.

13. A deflection apparatus of a video display
apparatus comprising: '

a deflection winding (Ly) coupled to a trace capacitor
(Cg) to form a trace resonant circuit for developing a parabolic
voltage (Vp) in said trace capacitor, during a trace interval of a
deflection cycle, said deflection winding being coupled to a retrace.
capacitance (C4) to form a retrace resonant circuit, during-a
retrace interval of said deflection cycle; |

a first sw1tchmg transistor (Q2) responsive to a control
signal (Iyp) at a frequency that is related to a deflection frequency -
and coupled to said resonant circuits for performmg a switching
operation that generates a deflection current (Ig) in said

deflection ‘winding; . -
. Has Been Replaced
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opet-at'i o “ransforrrer T1 for codpl ing the current in
\M nd| ng Wﬁ“ﬂ‘@ ﬂ“\ﬁ \Nm The required turn ratio between w ndi ngs W2

rma ned By the current gail2 hFE of tr aREABO08R. Current
galn hFEIS within a tolerance range of, for 5 exanple, 4 and 7.
Upr anpi ng base current that is proportlonal to current I[err] is

i nduced in winding W2aogodic€UBE dn dnput aiigeal (102) taf ea freqiency thatGilRE 2b.
Tr ansf or ner r .err] of - FIGURE 2c is added to
t he aforemsn{lgt)“%J :}% g‘?‘%ﬁ&g real%é&ﬁé'ﬁ!}l provi ded by the stored magnetlc
energy in transfor mer aTdriyer StageF(@Lmesp@mmrm spidirippay ¥ignal and ent
I[err] of R leio said fitst! f\Qitchiny W?in&l@tbﬁ'?’fmb%%%e?éﬁﬁgn&mﬂ[e”] s
produced nai n ir
control signal; characterized by
| . a feedback network (201, 202) having a first terminal

that is coupled between said trace capacitor and said deflection
'winding and a second terminal (collector of Ql) that_ is coupled to

said driver stage, said feedback network including means (202)

for differentiating said parabolic’ voltage to produce a feedback

signal that is developed at said second terminal. -

| 14. 7 A deflection apparatus of a video display
apparatus comprising:

a deflection wmdmg (Ly) coupled to a trace capacltor
(Cs) to form a trace resonant circuit during a trace interval of a
deﬂecthn cycle and coupled to a retrace capacitance (C4) to form
a retrace resonant circuit, during a retrace interval of said

* deflection cycle; | : | -

a first switching transistor (Q2) responsive to a control
signal (Ib2) at a frequency that is related to a deflection
frequency and coupled to said resonant circuits for performmg a
switching operation that generates a deflection current (ip) in said
deflection winding;

| a transformer (Tl) having a first wmdmg (W2) that is
coupled to a control terminal (base) of said first switching
transistor and a second winding (W3) that is coupled in a current
path of a current that flows in a main current concuting terminal
(emitter) of said first switching transistor to develop a first
portion of said control signal in a positive feedback manner;

a source (102) of an input signal (Vpsc) at a frequency
that is related to a deflection frequency; and

‘a second switching transistor (Q1) responsi\?e-_ to said
input signal and coupled to a third winding (W1) of said |
transformer for generating a switching current (icl) in said second
switching transistor and in said third winding of said transformer
that is transformer coupled via said transformer to said control
terminal of said first switching transistor to develop a second
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‘current ﬁm m i The rate of change of current I[err] of
Fi GURE ! the base curr requi r ement , | ection
tr’ansr 1 having upra g-col |l ector Oﬁd%ﬁpr(ﬁ I[err] of

FI GURE 2c. Thus, with respect to collector current . I[err], base
current -I[err] varies. sit|ve.feedback manner. Therefore t he.
conduct i vi tPoﬁioﬂr%M cﬁo‘%@]ors’gﬂ%#_l <couirol L&rmingey ed in a manner

that naint agharddiefizedt By @ in saturation 20 wit hout significantly

L 7 6 e gy e, Y gl

FI GURE 1 i sthati is zoapled toi onetef csmdflresmmcmmnm and a tsegondst or Ql of

Phtent ,jb-\plplsl ‘r&'g’ge@a? Pfasﬁcﬁgbmzfga@?rggl i rﬁnﬂ‘i@g of 3@&&%#‘%%% VER N

A VI DEO APPARATUS, in the nanme of ' Bruno E. Hennig, that is

i ncor porat.ed by reference herein. . A feedback network 200,
enbodyi ng an i nventive feature, includes a capacitor 202 coupled in
series with a resistor 201. Network 200 is coupled between a

term nal 103a of trace 3 O capacitor Clerr] and the collector el ectrode of
transistor QL. Term nal

x
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103a.1's coupl ed between capacitor err] and winding LH A resistor

203 is coupled in series with a capacitor 204 to form a danpi ggg 86,082
network arrangement that is coupled to the collector electrod ‘ﬁ
transistor QL. Network 200 prevents the occurrence of an 3 5 abnor mal

steady state operation. ~-MRES 3a-3e illustrate =~

approxi mat e wavef orns t hat oc h abnornal steady state

operation under the A drivemdtdgeord ahhorizehtalr defleedionsoutputved from  the

circuit of yapsistor (Q2) includes a transformer (T1) having a first winding |
(W1) coupled to a collector of a second, driver transistor (Q1)

5 responsive to an input signal (Vggc) at a horizontal deflection
frequency. A second winding (W2) of the transformer is coupled
across a base-emitter junction of. the output transistor and a third
winding (W3) is coupled to the emitter of and in series with the |

~output transistor. The third winding couples the emitter current
10 to the base of the output transistor for supplying a substantial
portion of the base current during the second half of trace. A
feedback network. (201, 202) is coupled between a .trace capacitor
(Cs) coupled to a horizontal deflection winding (Ly) and the
collector of the driver transistor for preventing abnormal steady
15 state operation in the output transistor.

Figure 1 /
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si‘rm |l ar itens or functions.
hFE is l'arger than, for 5
capabl e of driving

collector current I[err], at

normal operation. The .

time t[err] of FIGURE 3b, at

equal to the positive peak 1 0 anplitude of current
at the end of ‘trace. During Qtr

I[err] is predeterm ned and §}es

vol tage B+. The
times ta and tb of FI GURE 3b
current Iferr] at-1 5 tine t[%_r
interval, to be smaller

precedlng trace interval.
state operation;, each of

‘excessi vel @

-exanpl e,
transistor Q2 into saturation at a |evel

the end of trace,

FIGURE 1 'and the hFE of transistor Q is Iarger t han,
Sinmilar symbols and nunerals in FIGURES 1, '2a-2d and 3a-3c
When t he nom nal

6, base cur

negati ve peak anﬁgltude of current
t he end J ret

€,

for exanple, 6.
I ndi cat e
‘val ue of the
I[err] of FIGURE 1 is

of

I's higher than in
I[err] at

I s approxi mately

rent
t hat

race,

hr amet ers such as
current I[err] at
K anpl i tude of

oW ng trace

end of the

abnor nal st eady

, at the
in the

35

0.015

27K
T\ 201
200
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I[[err] at time t[err],
the rate of change of current
bfrshed by circart p

litude of
EQsitiae pea
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F
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& 3

peak-col | ector-current I[err] of FIGURE 3a and of base current i[err] of

FI GURE 3e of transistor 2 of FIGURE 1 is larger than in normal 20 steady’
state operation, in alternate trace intervals. On the other hand, in
the other alternate trace intervals, the peaks-of collector . current
I[err] of FIGURE 3a and base current I[err] of FIGURE 3e are smal | er
than in nornmal steady state operation. Al so the peak . anplitude of
each of flyback collector voltage V[err] of FIGURE 3d 25 and of defection
current I[err] of FIGURE 3b is larger t hany |f| or mal operation, in
alternate deflection cycles. . When col | ector current

I[err] of transistor 2 of FIGURE 1 is at the peak level, -at the end
of trace, the h[err] becones even - smaller than its noninal_value. The
abnormal steady state does 3 0 not occur when the nom nal value of the hFE
is smaller than, for - exanple, 6. It is believed that base current
I[err] produced in a positive feedback manner through transistor T1
.cannot sustain the | arge peak |level of current I[err] at the end of
trace, when 'the nom nal value of the hFE is smaller than, for

example, 6. It follows 3 5 that only nornal steady state operation can be
sustained in which

i'% I |:'11.7,Susec - ﬁ y
] B — 0SC
FIG. 2a | L JI—.:—:-O
K | T
o
FIG.2p —— L
] | | | |
| | Al
| | 1 l
| | | |
0 RN
| I 0
FIG.2c | | | | e
l 1| Lo
> _- : { {400V
FIG. 2d ' | lovc2
L ?
to tW

——
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At NS

t,‘he,‘beak"l evel of current I[err] of FIGURE 2¢ is the same in each

cycl e. ' 7 _ .
N)étworﬁk- 200 that includes resistor 201, coupled in series with
capacitor 202, forns a feedback path between term nal 103a of trace
capacitor Cferr], that fornms with deflection wi nding LH a trace

resonant circuit, and the collector el ectrode of 5 drive transistor QL.
A feedback current I[err] is produced in ge/\gork

FIG. 3a

FIG. 3b

FIG. 3¢

FIG. 3d

'FIG. 3e
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. : E REPLACEMEIN] OITEL LY OU
200, by a differentiation action, froma par abLI@ Destriptipn \/P‘iﬂ"'ﬁ’]} & paged 1.
FI'GURE 3c devel oped across capacitor Cerr]- of | i csi(g). \opassd &‘W@?ﬁd 2
that is downranping during the second hal f of } @{(Brawirgéucpaged /3t0@9$qde- t |
I[err] of FIGURE 1 that flows in the direction) ﬁmaarrowpag‘edm‘tt@pag@nt

I[err] is applied via winding W of transformet T1 in a manner t hat
bypasses winding W2 to the base of transistor [R.patg OF RECEIPT... fafkent |

I[err] is applied | d

col lector current Pk &33%& %["fe‘r@?“]lfﬁgsrnﬁ\m\e&%}w Mhét 100
causes base current |[efMhke hmv:hmenrafdlerest hanawdsflediibn wirguit hatpequired
bel i eved. baod® E?ri‘n%“%rﬁ‘?‘% Wt TERTY in, QPEABKIR rellRP G BNt LT
operation. Thugh lspla)’adi%ln@%tgeéﬂspyﬂl@ﬂlay rﬁb@nﬁive@pématrﬁbﬁebé@eaand

col l ector SCUer%Eib%ck netx@@?k by I ABtGLsh dald aéﬁeénéhoeu@@uf Qutiy spPge Nigd
val ue of the f transistor nng»ﬁjse ected from a tolsl;ance range .

of val ues {‘V\éeﬁw“Fg‘r‘"%xﬁHiﬂUé UANSIiOs, ORETaUPRaihed DEMGREIE wi t hout
net wor k 200, ﬂmdml popducds an defledimaraved inhan hbkeohtd ideflection for
exanpl e, snal I\'v(alrr]dlntka theb&tR’f]Ot when it is greater than 6.

A typical horizontal deflection circuit that is used in
10 various color television receivers includes a driver or drive stage
having a transformer coupled to a control terminal of the output
transistor of the deflection circuit output stage. The driver stage
further includes a second switching transistor having a collector
electrode that is coupled to a primary winding of the transformer.
15 When the switching transistor of the driver stage is conductive,
magnetic energy is stored in the inductance ‘of the primary
winding. At the same time, a transformer coupled voltage
developed across a secondary winding of the transformer causes
the switching output transistor of the output stage, driven by the
20 voltage developed in the secondary winding of the transformer, to
be non-conductive. When the second switching transistor of the
driver stagé becomes non-conductive, the stored magnetic encrgy
in the coupling transformer prod‘gces, in a flyback manner, a
winding current that flows in: the secondary winding of the
25 coupling transformer to form a forward base current. The
forward base current drives7the deflection output transistor into
saturation prior to the beginning time of the upramping collector
current in the output transistor. '
_ In one priof art circuit, the transformer has a winding
30 that is coupled in a current path of the collector current of the
switching output transistor. In the second half of trace, the
collector current in the output transistor increases in an
upramping manner. The upramping collector current is coupled
via the transformer to the base of the output transistor, in a
35 positive feedback manner. The result is that an upramping base
current is generated.
In such prior art circuit, the deflection circuit might
operate in an abnormal stable state, should the value of the

This is the replacement sheet
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8 - . VWHAT |.S CLAIMED I S: 1. A deflection apparatus of a

‘virdeo di spl ay appar at us, conpri sing: a deflection
wi nding (LH) coupled to a retrace capacitance (C4) to form a retrace
resonant circuit, during a retrace interval of a deflection cycle;

a first switching transistor (@) responside to a control

current gain parameter, hgg, of the output transistor be greater
than, for example, 6. In the abnormal stable state, the peak
~amplitude of the collector current is larger than in normal steady
state operating condition, in alternate trace intervals, and smaller
S than in normal steady state operation, in the other alternate trace
intervals. It may be desirable to prevent such abnormal steady
state operation.
A television deflection apparatus, embodying an
aspect of the invention, includes a deflection winding coupled to a
10 retrace capacitance to form a retrace resonant circuit, during a
' retrace interval of a deflection cycle. A first switching transistor
is responsive to a controt signal at a frequency that is related to a
deflection frequency developed at a control terminal of the
transistor. The transistor has a main current conducting terminal
15 that is coupled to the retrace resonant circuit for generating a
deflection current in the deflection winding. During a portion of a
trace interval of the deflection cycle, at least a portion of the
deflection current flows in the main current conducting terminal.
A transformer has a first winding that is coupled to the control
20 terminal of the first switching transistor and a second winding
responsive to a signal produced by the first switching transistor.
The transformer develops a ramping portion of the control signal
in a positive feedback manner with respect to the current in the
main current conducting terminal of the first switching transistor.
25 A feedback network responsive to a signal produced by the first
' switching transistor develops a feedback signal that is applied to a
control terminal of the first switching transistor in a negative
feedback manner with respect to the current in the main current
conducting terminal.
30 , In accordance with an inventive feature, the feedback

signal prevents the aforementioned abnormal steady state
operation.

FIGURE 1 illustrates a horizontal deflection circuit
output stage including a feedback network, embodying an aspect
35 of the invention, coupled from a trace ‘Ccapacitor to- a driver stage;
| FIGURES 2a-2d illustrate waveforms useful for
._explammg the operation. of thc circuit of FIGURE 1 in. normal
operation; and
' This is the replacement sheet -

1 8 AUG 19%

Date:



signal (I[err]) at a frequency that is related to a deflection frequency

‘devel oped at a control term nal (base) of said transistor and havi ng a
mai n current conducting termnal (collector) that is coupled to said
retrace resonant circuit for generating a deflection current (l[err])
in said deflection w nding such that, durilng a portion (the second

hal f) of a given trace interval of said deflection cycle, at |least a
portion of said deflection current flows in said nain current
conducting termnal; FIGURES 3a-3e allusaatf ovanafofms) imaabnogmealf i r st .

Swi tching trans

wi ndi ng (V) tﬂ@ﬁq%sstate op‘ép%k%r'?dfotro 2 S@i e %ﬁrg}cht ggn;nnq:}lég,fe qaipg i rst
second w_n (é i responSive to a signal
produced by  Wwithent ¢hei fepdbagkt retwerk Pzﬁngl(gg ‘F) for devel oping a

r ?”ﬁi ng. portion (r)]f FERRURE ontitlaktrategnal drmeﬁ rage t100e foretbdak mannler
t t t
o' " sasa PRflehthg (Bipi ERlsitRe B o phiEoRth, BORRLGbh GiLERT 1Y

that flows in eaipiitnsiagecliieof xdebhrisiong rcmwﬂnalcndiod%\nﬂ an raspect Of
SW tchi ng trangleStRanﬁSﬁ“”A”gohO%ghéﬁ‘é‘ip i@ﬁ'?i‘lerosgmdtﬂg F@ Produces
portion of sai

i'ven trace jnterv uces, a in
an goutput signal Vggc. gng{ oscC 1s at aaho% ontal ﬁequency of

2xfy that is approximately 32 KHZ. Signal Vggc is coupled via an
10 emitter follower, not shown, to a base electrode of a driver
transistor Q1. Frequency fy, that is about 16 KHZ, is the horizontal
deflection frequency in, for example, the NTSC standard. “Thus,
frequency 2xfy is substantlally higher than 16 KHZ.
Oscillator 102 is controlled by an on/off control 51gna1
15 Signal on/off causes transistor Ql to be turned on when signal
on/off is at the “"OFF" state, throughout standby operation. A
. collector of transistor QI is coupled to one end terminal of a
primary winding W1 of a coupling transformer T1. The other end
_ terminal of winding W1 is bypassed to ground by a filter capacitor
20 C1 and coupled via a current limiting resistor R1 to a source of
supply voltage V+ such that resistor R1 and capacitor Cl1 form a.
ripple filter. |
A secondary winding W2 of transformer T1 is coupled
across a base-emitter junction of transistor Q2 and across a
25 resistor R4. A junction terminal 10la that is coupled at a junction
of winding W2, resistor R4 and the emitter of transistor Q2 is
coupled to one end terminal of a winding W3 of transformer T1.
The other end terminal of winding W3 is coupled to ground.
The collector of transistor Q2 is coupled in series with
30 a diode D3 to a conventional damper diode D2 of a horizontal
deflection circuit 103. Circuit 103 includes a horizontal deflection
winding Ly, a retrace capacitor C4, a trace capacitor Cg, a linearity
inductor LIN, and a linearity resistor R5 that are_couplcd in a
well-known manner. Diode D3 prevents reverse collector current
35 from flowing in trans:stor Q2 and in winding W2 or W3. A supply
| voltage B+ is coupled to circuit 103 via a winding T2a of a
horizontal flyback transformer T2. During retrace, circuit 103
forms a retrace resonant. circuit that includes capacitor C4,
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ramkping portion of said control signal during the sane portion of

said given trace interval; characterized by a feedback
net wor k (201, 202) responsive to a signal (Vp) produced by said first
switching transistor for devel oping a feedback signal that is applied
to a control termnal (base) of said Rirst switching transistor in a
negati ve feedback manner with respect to the current in said main
current- conducting term nal . : An appar atus accordi ng

to daim 1 chgj ﬁ&ﬁf‘g“@ﬁdand winditg @lﬁoumlﬁéqac@fcﬁ@uﬂt NRYE £8tESa :
(Merr]) at a frequency that, is e[ t o said ECtlrch frequency
~and a second sHRFEnIRgnant cirgyiy thas gic (‘%’3 ‘F%%"pd‘r?é’la&etofo safRf | WRAINE

si gnal and havipg avmalges B+ asdirVenrec paodiedadn Gotlerini mhdbyodddaatxon’u)n t hat
is coupled to g thi operatlons

5 FIGURES 2a-2d illustrate idealized or approximated
waveforms useful for explaining the normal operation of the
circuit of FIGURE 1. Similar symbols and numerals in FIGURES 1
and 2a-2d indicate similar items or functions.

In operation, driver transistor Q1 of FIGURE 1 is

10 conductive as a result of signal Vogc of FIGURE 2a being positive
until time t; of FIGURE 2a that causes transistor Q2 to be
nonconductive. The magnetic energy supplied by a collector
current I of transistor QI is stored in winding W1 of FIGURE 1.
When transistor Q1 is turned off, during interval t;-t3 of FIGURE

15 2a, the stored energy produces in winding W2 of FIGURE 1 a
forward base current I, of transistor Q2. ‘Current Ip2 is sufficient
to turn on deflection transistor Q2 .and to maintain it in saturation
prior to time t, of FIGURE 2b.

The amplitude of current I, of FIGURE 2b remains
20 substantially constant during a latter portion of the first half of
trace, interval t;-t,.  This is so because windings W2 and W3 are
heavily loaded by the low impedance of the base-emitter junction
of transistor Q2. At time ty, a deflection current Iy in deflection
winding Ly of FIGURE 1 reverses polarity. As a result of current
25 reversals in deflection winding Ly of circuit 103 of FIGURE 1 and
in a flyback transformer winding T2a, collector current I starts
flowing in transistor Q2 of FIGURE 1 after time t, of FIGURE 2c in
an upramping manner. '
Upramping collector current I, that flows as an

30 emitter current through winding W3 of FIGURE 1 is transformer-
coupled through current transformer T1 to the base of transistor
Q2 in accordance with a turns ratio N2:N3 of windings W2 and W3,
respectively.  Transformer coupled current I.; provides a major
portion of upramping forward base current Iy, of transistor Q2,

-35 _during the second half-of -trace, interval t;-t3, when collector
current Ic, is upramping. The base-emitter junction of transistor
Q2 forms a very low ‘impedance across winding W2. Therefore, a-
pt,rforma.ncc sxmllar to that of an |dcal current lransformer
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Wi ndl ng (\/\1) of said transformer for generating a switching current
‘(1[err]) in said third winding that is transfornmer coupled via said
transforner to said control termnal of said first switching transistor to
control timng of the switching in said first swtching transistor.

3. A deflection apparatus according to Clakm2 characterized in that said
f eedback network (202, 201) conprises a first capacitor (202) having a ®

first term nal

that is coupled to a junction term nal between said second

swi tching tranghstflod QL) oBlnéd! th thidFothBFi P £ koupling the current in

10

15

20

25

30

35

winding W3 to winding W2. The required turn ratio between
windings W2 and W3 is determined by the current gain hgg of
transistor Q2. Current gain hgg is within a tolerance range of, for
example, 4 and 7.

Uprampmg base current that is proporuonal to current
I., is induced in winding W2 of FIGURE 1 only after time ty of
FIGURE 2b. Transformer coupled upramping current [ o of
FIGURE 2c is added to the aforementioned current already
provided by the stored magnetic energy in transformer T1 of
FIGURE 1 to form upramping base current Iy of FIGURE 2b.
During interval ty-ts, base current Iy is produced mainly from
current I, of FIGURE 2c. The rate of change of current I of
FIGURE 2b closely tracks the base current requirement of
deflection transistor Q2 of FIGURE 1 having upramping collector
current I.o of FIGURE 2c. Thus, with respect to collector current
I.2, base current Iy, varies in a -positive feedback manner.
Therefore, the conductivity of transistor Q2 of FIGURE 1 is
controlled in a manner that maintains transistor Q2 in saturation
without significantly overdriving the base of transistor Q2, during
the second. half of trace interval, ty-t3 of FIGURE 2b. Cut-off of ..
transistor Q2 of FIGURE 1 is initiated at time t3 of FIGURE 2c, when
transistor Q1 of FIGURE 1 is switched into saturation, as explained
in a copending U.S. Patent Application Serial No. 481,426 entitled,
A DEFLECTION DRIVER IN A VIDEO APPARATUS, in the name of
Bruno E. Hennig, that is incorporated by reference herein.

A feedback network 200, embodying an inventive
feature, includes a capacitor 202 coupled in series with a resistor
201. Network 200 is coupled between a terminal 103a of trace
capacitor Cg and the collector electrode of transistor Q1. Terminal
103a is c'oupled between capacitor Cg and winding Ly. A resistor
203 is coupled in series with a capacitor 204 to form a damping
network arrangement that is coupled to the collector electrode of
transistor Q1. Network 200 preven_ts the occurrence of an
abnormal steady state operation. :

FIGURES 3a-3e illustrate approxlmate waveforms that

- occur ‘in such abnormal steady state operation under the

conditions that network 200 is removed from the c:rcult ‘of
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4. -A deflection apparatus according to Caim3 characterized in that said
‘feedback network (202) further conprises a resistor (201) that is coupled
in series with said first capacitor (202). 5. A deflection
apparatus according to Caim3 characterized by, a trace capacitor (Cerr])
coupled to said deflection winding (L[err]y) wherein a second term nal of

said,first capacitor is coupled to a junction termnal (103a) between said
trace capaci tor and said deflection winding (L[err]). 6. A

deflteﬁt i on apr}al(}:ltjlzlfﬁ aCﬁﬁ?dm&ghtz@ Gflarzms:s‘aoct(azanst kargerethay, fdri eximple,
swi tchin
transi Stgrrrea (5}‘%8 gﬁcﬁg‘?’n‘énﬁ'ﬁ) r'garg?l'alw hﬁél[fREFr?t 2044 LS. 3°

. 8> sUbst a portion of said
defl ection curundmat(el fEmilpy itemg eanfnction® bypasses said first switching

tcfglnzl ELgL ?ﬁrlng a firstyiel ftlé@‘;]m?tﬁmjalt vaRR iofit @iev @l gots mtgérolahh.ecfbr on
sﬁbst anti aP gq)%qrﬁéf%?@ggggec %rxlmen% b2 ofsﬁ(gUHé"Cle is Q:ta%%ﬁe of a&nw%%St a
transistor Q2 into saturation at a level of collector current I¢o, at
the end of trace, that is hlgher than in normal operation. The
negative peak amplitude ‘of current Iy at time t, of FIGURE 3b, at
the end of retrace, is approximately equal to the positive peak
10 amplitude of current Iy at time t,, at the end of trace. During
trace, the rate of change of current Iy is predetermined and
established by circuit parameters such as voltage B+. The
excessively large peak amplitude of current Iy at times t, and ty )
of FIGURE 3b causes the positive peak amplitude of current Iy at
15 time t., at the end of the following trace interval, to be smaller
than at time t,, at the end of the preceding trace interval.

Thus, in the abnormal steady state operation, each of |
peak collector current I, of FIGURE 3a and of base current Iy of
FIGURE 3e of transistor Q2 of FIGURE 1 is larger than in normal

20 steady state operation, in alternate trace intervals. On the other
hand, in the other alternate trace intervals, the peaks of collector
current I, of FIGURE 3a and base current I, of FIGURE 3e are
smaller than in normal steady state operation. Also the peak
amplitude of each of flyback collector voltage V., of FIGURE 3d

25 and of defection current Iy of FIGURE 3b is larger than in normal
operation, in alternate deflection cycles.

When collector current I, of transistor Q2 of FIGURE 1
is- at the peak level, at the end of trace, the hpg becomes even
smaller than its nominal value. The abnormal steady state does

30 not occur when the nominal value of the hgg is smaller than, for
example, 6. It is believed that base current I produced in a
positive feedback manner through transistor T1 cannot sustain
the large peak level of current I, at the end of trace, when the
nominal value of the hgg is smaller than, for example, 6. It follows

35 that only normal steady state operation can be- sustained in which
the peak lcvcl of current lcz of FIGURE 2c is the same in each .
cycle
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deflection current is conducted, instead, in said first swtching

transi stor, wherein said second switching transistor (Ql) generates said
current in said third winding (W) prior to an instant within said trace
i nt'erval when the current is switched over ,from bei ng conducted in said

first swtching nmeans to being conducted in said first switching

transi stor. 10 7. A deflection apparatus

renaers fa ™ AR R B B S,
(trace) of saigeries with capacitor 202, forms a feedback path between

terminal 103a of trace capacitor Cg, that forms with deflection
winding Ly a trace resonant circuit, and the collector electrode of

5 drive transistor Q1. A feedback current Ig is produced in network
200, by a differentiation action, from a parabola voltage Vp of
FIGURE 3c déveloped across capacitor Cg of FIGURE 1. Voltage Vo
that is downramping during the second half of trace, produces
current Ig of FIGURE 1 that flows in the direction of the arrow.

10 Current Ig is applied via winding W1 of transformer Tl in a
manner that bypasses winding W2 to the base of transistor Q2.

Current Ig is applied in a negative feedback manner

with respect to the collector current I.5. Current Ig produced by
network 200 causes base current Iy to be smaller than what

15 would be required for sustaining the abnormal steady state
operation. Therefore, it is believed, base current Iy, cannot
sustain the abnormal steady state operation. Thus,
advantageously, only normal operation base and collector currents
can be produced in transistor Q2 for any nominal value of the hgg

20 of transistor Q2 selected from a tolerance range of values
between, for example, 4 and 7. As explained before, without
network 200, normal operation can be obtained when the hgg iS, -
for example, smaller than 6, but not when it is greater than 6.
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contrmn a flyback manner that initiates turn-on

-‘opera':)um”m d first switching transistor (@) and a second

porti mrlmud control signal that initiates a turn-off

oper ation ¢ nL switching transi stgor 8. A

defl ection apparat Us *accor di ng to Caim characterized in that
said second winding (WB) is coupled in a mai n current path of said
first switchin tragl%h&&s‘“éégﬁ such t hat a current that flows in
sai d nmain cur_r to said control term nal (base) of
Sal dAf :jrfslt swi t chi ng trah5| # afefldcaiomaiagparatus ofsacendeonidisplay.

: efl ecti Jngto Claim 8 characterized in
that said fi rs‘i)‘;b "}QP&L g%gﬁ; tor (@) conprises " a bipolar
transi stor and wherein s@@ﬂ@imn vwmixng "§) gaupled to a:EelEREd to a base

el ectrode of sajfhcidangé €(‘M} QB' F@rrﬂrﬁnl%tﬁi&r réonant circuideRithid ng said
(r:]ontrol si gnal I[%r F\%@F of anBechtlorsxecCc”ent during a second
alf of said tiCHEE val | y

a first switching transistor (Q2) responsive to a control
'signal (Ip) at a frequency that is related to a deflection frequency
developed at a control terminal (base) of said transistor and
having a main current conducting terminal (collector) that is
coupled to said retrace resonant circuit for generating a deflection
current (Iy) in said deflection winding such that, during a portion
(the second half) of a given trace interval of said deflection cycle,
at least a portion of said deflection current flows in said main
current conducting terminal;

a transformer (T1) having a flrst wmdmg (W2) that is
coupled to said control terminal of said first switching transistor
and a second winding (W3)_ responsive to a signal produced by
said first switching transistor (Ig) for developing a ramping.
portion of said control signal in a positive feedback manner with
respect to the current in said main current conducting terminal of
said first switching transistor such that a change in said current
that flows in said main current conducting terminal of said first
switching transistor, occurring in a ramping manner during said
portion of said given trace interval, produces a change in said
ramkping portion of said control signal during the same portion of
said given trace interval; characterized by

a feedback network (201,202) responsive to a signal
(Vp) produced by said first switching transistor for developing a
feedback signal that is applied to a control terminal (base) of said
first switching transistor in a -negative feedback manner with
respect to the current in said main current conducting terminal.

2. An apparatus according to Claim 1 characterized
by, a source (102) of an input signal (Vggc) at a frequency that is
rclated to said deflection frequency and a second swnchmg
. transistor (Q1l) - responsive to said input signal and having a main
current conducting terfninal (collector) “that is coupled t6 a third
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A_def—l—eeﬁ—oﬁﬁﬁfé'us according to Caim1l characterized in
fthat sai ng transi stor (Q2) conprises ©a bipolar
trans L‘m mm sai d second winding (W) is coupled to an

emtt her eof such that said emitter el ectrode 't her eof
S |nterposed between sai d defl ection w ndf.ng (LH) and said second

wi ndi ng. 11. A defl ection apparatus accordl ng to Caim
1 char acterl zed in that said deflectjion current is ; %i
substantial |y winding (YY bhed! spiuEnRyfofmen by jgaperatng a it ing

éZf A tel evi sugendefl g¥tinosaapphirat umndwmgrpmasl ngtransformcr coupled via
efl ection retrae res nant di nd|n
(L[err]) and a 531 %%% Cxpaﬁgfdt %%?Jotf tdtfhifal of said 4§fst f\%h@ﬂ{n‘@ 9

swi t chi ng tranmasstsltor( ae) Coetrpbrtsnm@gt@f aheoswitehing in saidsfigstaswilqhéng])
and coupled to;sg{{sf&trace resonant circuit for

3. A deflection apparatus according to Claim 2
characterized in that said feedback network (202, 201) comprises
a first capacitor (202) having a first terminal that is coupled to a
junction terminal between said second switching transistor (Ql)
and said third winding (W1).

4. A deflection apparatus according to Claim 3
characterized in that said feedback network (202) further
comprises a resistor (201) that is coupled in series with said first
capacitor (202). '

5. A deflection apparaius according to Claim 3
characterized by, a trace capacitor (Cg) coupled to said deflection
winding (Ly) wherein a second terminal of said first capacitor is

coupled to a junction terminal (103a) between said trace capacitor
and said deflection winding (Ly).

6. A deflection apparatus according to:Claim 2
characterized by, first switching means (D2) coupled in parallel -
with said fif_st switching transistor (Q2) for'conducting at least a
substantial portion of said deflection current (Iyg) in a manner that
bypasses said first switching transistor during a first half of said
trace interval of said deflection cycle such that during a second
half of said trace interval, at least a substantial portion of said
deflection current is conducted, instead, in said first switching
transistor, wherein said second switching transistor (Q1l) generates
said current in said third winding (W1) prior to an instant within

. said trace interval when the current is switched over from being
conducted in said first swnchmg means to bemg conducted in said
first switching transistor.
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perform ng a swtehi-rg operation that generates a deflection current

.~(4[§“ | | ection w ndi ng; a deflection oscillator
(10 ' ﬂ"ﬂ’eﬂaﬂ |E ,an i nput signal (V[err]) at a frequency that is
rel ated ¢ 0La on frequency; a driver stage (Q1)

responsive to said input signal for generé?ing a drive signal (lI[err]);
a deflectjon driver transformer (T1) having a first

7. A deflection apparatus according to Ciaim 2
characterized in that said second switching transistor (Ql)
produces in said transformer (T1) a first portion (trace) of said
control signal (Iy2) in a flyback manner that initiates turn-on
operation in said first switching transistor (Q2) and a second
poftion (retrace) of said control signal that initiates a turn-off
operation in said first switching transistor.

~ 8. A deflection apparatus according to Claim 1
characterized in that said second winding (W3) is coupled in a
main current path of said first switching transistor (Q2) such that
a current that flows in said main current path is coupled to said

control terminal (base) of said first switching transistor via said
second winding.

9. A deflection apparatus according to Claim 8
characterized in that said first switching transistor (Q2) comprises
a bipolar transistor and wherein said first winding (W2) is
coupled to a base electrode of said first switching transistor for
generating said control Signal (Ip2) as a ramping base current,
during a second half of said trace interval. . '

10. A deflection apparatus according to Claim 1
characterized in that said first switching transistor (Q2) comprises
" a bipolar transistor and wherein said second winding (W3) is
. coupled to an emitter electrode thereof such that said emitter

electrode thereof is interposed between said deflection winding
(Lyg) and said second winding.

11. A deflection apparatus according to Claim 1
characterized in that said deflection current is at a substantially
higher frequency than 16 KHZ. |

12. A television deflection apparatus, comprising:
a deflection retrace resonant circuit including a
- deflection winding (Ly) and a retrace capacitance(C4);

a first switching transistor (Q2) responsive to a control
- signal (ly5) and coupled to said retrace resonant circuit for
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wi nd I ng that is coupled to said driver stage and is responsive to said
“drive Sl(l“m “I“z““ﬁﬂ MW nding (W) that is coupled to a control term nal
(base) tching transistor (@) and a third wi nding (W)
that is coupl ed i'n a collector current patlﬂ of said first swtching

transistor for transforner coupling each said drive signal and collector .
current to said control termnal of said first switching transistor to

devel op correspondi ng portions af said contr nal at said.control
termnal : char R&FTnyag By switching operation e&i’éag NEEALGS r & (3%691(:“%'62)

[esponsj[ve todausiegilna((jll()\/p)\ sdidt defleptiodusadding:said first switching
ransistor and coupled tgq tr 0 i N
transistor via a si gnal a’f‘% Qﬂ\/\&%ﬂ!ﬁbm @2 %OIszga&gH%lF Wltn rtlggfor
generating a f&dflck QSﬁﬂaIa‘t‘h requency Hiat tff’%%dd‘%d"ntdre

CPBPm naI of
said first sw tfgBgentiyansi stor 13. A deflection apparatus of

a video display apparat % driver stageg(Ql) responsive to said input signal for
generating a drive signal (I.1);

a deflection driver transformer (T1) having a first
winding (W1) that is coupled to said driver stage and is
responsive to said drive signal, a second winding (W2) that is
coupled to a control terminal (base) of said first switching
transistor (Q2) and a third winding (W3) that is coupled in a
collector current path of said first switching transistor for
transformer coupling each of said drive signal and collector
current to said control terminal of said first switching transistor to
develop corresponding portions of said control signal at said
control terminal; characterized by '

a feedback network (201, 202) responsive to a signal
(Vp) that is produced by said first switching transistor and
coupled to said control terminal of said first switching transistor
via a signal path (W1, W2) that bypasses said third winding for
generating a feedback signal that is coupled to said control
terminal of said first switching transistor.

13. A deflection apparatus of a video display
apparatus comprising:

a deflection winding (Lyg) coupled to a trace capacitor
(C5) to form a trace resonant circuit for developing a parabolic
voltage (Vp) in said trace capacitor, during a trace interval of a
deflection cycle, said deflection winding being coupled to a retrace
capacitance (C4) to form a retrace resonant circuit, during a
retrace interval of said deflection cycle;

a first switching transistor (Q2) responsive to a control
signal (I,,) at a frequency that is related to a deflection frequency
and coupled to said resonant circuits for performing a switching
operation ‘that generates a deflection current (I) in said
deflection winding; ’
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a def_l—ee{—i—on’mm coupled to a trace capacitor ((err]) to forma
‘trace r \ ‘1‘1 “‘for devel oping a parabolic voltage (Vp) in said
trace \ a trace interval of a defl ection cycle, said

def | ec |mg Yei*ng coupled to a retr capacitance (C4) to forma
retrace resonant circuit, during a retrac |nterval of said deflection

cyc![e;I I afirst switching transistor () responsive to a
frequency’ and coupled 1 ¢ SEREFS SoRantrty ik (02 ol porrBuEicy Shally g
operation that rgknedatesa adeféceon i trequencent (| [err]) in said deflection
wi ndi ng; a driver stage (Q1) responsive to said input signal and
coupled to said first switching transistor for generating said
control signal; characterized by
a feedback network (201, 202) having a first terminal
that is coupled between said trace capacitor and said deflection
winding and a second terminal (collector of QI) that is coupled to
said driver stage, said feedback network including means (202)
for differentiating said parabolic voltage to produce a feedback

signal that is developed at said second terminal.

14. A deflection apparatus of a video display
apparatus comprising: -

a deflection winding (Ly) coupled to a trace capacuor
(Cg) to form a trace resonant circuit during -a trace interval of a
deflection cycle and coupled to a retrace capacitance (C4) to form
a retrace resonmant circuit, during a retrace interval of said
deflection cycle;

a first switching transistor (Q2) responsive to a control
signal (Ib2) at a frequency that is related to a deflection
frequency and coupled to said resonant circuits for performing a
switching operation that generates a deflection current (ig) in said
deflection winding;

a transformer (Tl) having a first winding (W2) that is
coupled to a control terminal (base) of said first switching
transistor and a second winding (W3) that is coupled in a current
path of a current that flows in a main current concuting terminal
(emitter) of said first switching transistor to develop a first
portion of said control signal in a positive feedback manner;

a source (102) of an input signal (Vosc) at a frequency
that is related to a deflection frequency; and

a second switching transistor (Ql) fesponsive to said
input signal and coupled to a third winding (W1) of said
transformer for generating a switching current (icl) in said second
switching transistor and in said third winding of said transformer
that is transformer coupled via said transformer to said.-control .
terininal of said first switching transistor to dévelop a second -
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a source of an input signal (102) at a frequency that is related to a

~def | ect “L a driver stage (Ql) responsive to said
i nput SHI“W“M!“M“M to said first switching transistor for generating
said cortrdl $ighal$ characterized by 13 a feedback network (201,

202) having a first termnal that is coupled between said trace capacitor
and said deflection winding and a second termnal (collector of QL) that is

coupl ed to sai el rstage d disggback;H8t ¥ou ol NEHHHNO neans (202)
for differenti g[t’(lsj‘rrtligo\ﬁsglf gﬁgr golﬁ)ﬁbc \}g ltage to pr oduge a feedgack si gnal

that i s devel op@bﬁf&f:“’sré?: s®&¥ond terninal . 14. A deflection
apparatus of a video di spiafeedppek ahersverkg20$| N2) having a first terminal

that is coupled.to one of said resonant circuits and a second
terminal that is coupled to said third winding of said transformer.
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a deflection winding (LH coupled to a trace capacitor ((ferr]) to forma
trace resonant circuit during a trace interval of a deflection cycle and
coupled to a retrace capacitance (C4) to forma retrace resonant circuit,
during a retrace interval of said deflection cycle; a first
switching transistor (@) responsive told control signal (l[err]) at a

frequency that bgF'_;,faﬂégﬁ kﬁkiﬁgﬁﬁhﬁg i[ﬁnAf bEgHEEQ¥P§REE&§PE&ed to said

resonant circui rform a swi tchi'ng-epera generates a
deflection current (i[err]) in sai daBsfRaCTi on w ndi ng; a

”an_sfol”f?[) (T)l) Pavi _ng aAf uﬁs’tem&tragbn@f(morﬁb@mansdetgwm:eobmpua control
term na ase) of .sai st swit chi transi s nd.a sec i-ndi :
(WB) that is cdﬂﬂr%a‘%’n_(éb u ‘@Hi’cs p%{}ga[bsftr% c%rf’gh q\%éﬁgf?_of/\i/sp&i W‘Qqh‘%gn
current concuti(Yg1) eraripled tq anicotleetorodf smisg¢condsdrivgirt transigtarr 4Qddstor to

devel op a firstresp@hdiveNtPlanSdPuCdA! (¥HYed! at T hoki¥ontalvdefleedback
manner ; a source (

frequency thatfrequengat edh t%?cangghigféina&qr(WEgtqQéhgg?tlfa of ?'{r{e]r)isa%oﬁpled

across a base-emitter junction of the output transistor and a third
winding (W3) is coupled to the emitter of and in series with the
output transistor. The third winding couples the emitter current

10 to the base of the output transistor for supplying a substantial
portion of the base current during the second half of trace. A
feedback network (201;- 202) is coupled between a trace capacitor
(Cs) coupled to a horizontal deflection winding (Ly) and the
collector of the driver transistor for preventing abnormal steady

15 state operation in the output transistor.

Figure 1
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a . second switching transistor (QL) responsive to said input signal and
‘coupled to a third winding (W) of said transformer for generating a
switching current (icl) in said second switching transistor and in said
third winding of said transformer that is transforner coupled via said
transforner to said. - control termnal of said first swtching transistor
to devel op a second _ 13 portion of
said control signal at said control ternﬂn7ﬁ§ characterized by
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a f.eedback network (201, 202) having a first termnal that is coupled to

;one of said resonant circuits and a second terminal that is coupled to said
third winding of said transforner.
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