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SYNCHRONIZED HORIZONTAL SCANNING 
AI HORIZONTAL FREQUENCY MULTIPLES 

This invention relates generally to the field of horizontal 
deflectlon systems for television apparatus. More particularly. this 

s invention relates_ to the generation- of horizontal synchronizing 
signals useful· in systems _displaying video signals at higher than a 
basic· or standard· horizontal scanninQ rate. 

Television apparatus require that the circu.its generating the 
raster scan be synchronized with the video signal being displayed. 

, o Standard NTSC video signals. for example, are displayed by 
interlacing successive fields, each field being generated by a raster 
scanning operation at a basic or standard horizontal scanning rate of. 
a·pproximately 15, 734 Hz. 

, The basic scanning rate for video signals is variously referred 
1 s to as fH, 1 fH. and 1 H. The actual frequency of a 1 fH signal will vary 

according to differ:ent video standards. In accordance with efforts 
to improve the picture quality of television apparatus, systems have 
been· developed for displaying video signals progressively, in a 

noninterlaced fashion. Progressive scanning requires that each 

20 displayed frame must be scanned in the same time period allotted 
fo1· ~ca1111ing · um~ of the two flelds of the mterlaced tormat. 
Accordingly, the horizontal scanning frequency· must be twice that 
of. the interlaced video signals. The scanning rate for such 
progres~ively scanned displays is variously referred to as 2f.H and 

2s 2H. A 2fH scanning frequency according to standards in the· ltr"lited-­

States, for example, is approximately 31,468 Hz. A similar 
- situation is presented when a· video signal with a higher horizontal 

scanning frequency as broadcast or cablecast, for example 2fH, is to 
be disptayed at 4fH, or at other ·multiple rates. · 

3 o A problem that may be encountered in generating a second 
horizontal synchronizing signal, f-Or example at 2fH. from a first 

horizontal sy~chronizing signal, for example at 1fHi in a video 

signal, is· assuring sufficiently precise symmetry of the second 
syn.chronizing signal within the period _of t~e first ·synchronizing. 

35 signal. The period of the second signal rnay vary due to jitter of the 
edges of the pulses in the first signal. lf the symmetry of a 2fH 
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synchronizing signal, for example, is not very precise within any 1 fH 

period, for example, the 2fH tra.Ce will be initiated at a different 

instant every other line in the raster. This can cause a spilt raster 

t?ff.ect, as shown for example in FIGURE 8. A raster · 2 has a first set 
s of alternate scan lines forming a picture portion R which diverges to 

the right and a second sat of alternate scan lines forming a picture 
portion L which diverges to the Jeft. Adjacent retrace pulses are of 

different amplitude because djfferent peak to peak yoke currents 

flow ~uring adjacent trace periods. Different peak to peak yoke 
~ o currents flow during adjacent trace· periods because adjacent trace 

periods are of dif~erent length. The amount of the scanning 
difference between adjacent lines will depend on the magnitude of 

the period difference and the overall energy recovery efficiency of 

the deflection circuit. The effect of raster splitting is exaggerated 
1 s in FIGURE a, wherein the scan lines. of portion L begin sooner than 

the scan lines of oortion R. However, time differences between 
adjacent trace periods on the order of only 100 nanoseconds may 
cause unacceptable amounts of raster ·spUtting. 

Phase locked loop systems are . widely known and used in 
20 television apparatos. Indeed, dual phase locked loop systems have 

been developed for providing accurate 1 fH synchronizing signals. ln 

such a configuration, a first phase locked loop is a conventional 
phase locked loop in which the output of a voltage controlled 
oscillator, or the output of a :counter divided digital oscillator, is 

2s compared to, and subsequently locked to, the incoming horizontal 
synchronizing ·pulse stripped from the video signal which is to· be 

processed and dispJayed on a cathode ray tube. The second phase 
locked loop, wh.ich also operates at· a 1 fH rate, compares the same. 
oscillator output of ·the first loop with a. 1 fH rate pulse· 

30 representative of the retrace voltage. across the deflection yoke· 
used to generate the i fH scanning current. . The error voltage from 
the second phase comparison is used to gen.erate a pulse width 
modulating signal which determines the initiation of the 1 fH output 

device turn on, and subsequently, retrace initiation. or the phase -of 
35 each line within a vertical field. A one shot timing device ~an 

provide a constant mark/space ratio between the pulse width 
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·modulating output signal and e 1fH output switching transistor. 

The loop response of the first phase locked loop is usually 

relatively slow.· Accordingly, t e first phase locked loop normally 
. . 

has narrow bandwidth to opti . ize phase jitter reduction with 

s decreased input RF signal stre gth as evident in fringe reception 

areas. The second phase lock !oop generally has a faster loop 

response. Accordingly, the· sec nd phase locked loop has a wider 

bandwidth ailowing the second phase locked loop to very· closely 

track _variations in the raster anning current due to horizontal 

, 0 output transistor storage time variations and high voltage 

transformer tuning effects, res lting in a straight, nonbending 

raster µnder all beam current I ading conditions. The only 

significant exception to this m de of operation ls with respect to 

· those compromises necessary the first phase locked loop to 

1 s accommodate signals from vid o cassette recorders and the like, in 

wh.ich step changes of up to 1 microseconds in phase are 

sometimes encountered. Trad offs in· respective loop responses can 

be made to provide adequate eak signal performance without . 

significant overall degradation of receiver perfotmance. 

20 An asymmetry in the fir synchronizing signat, for. example at 

1 f H ! can be introduced by the ry nature of the phase locked loop 

· u_sed io th~ synchronization s tern, which requires that the· first, or 

1fH, timing signal be used as feedback signal to the phase 

comparator in the phase locked loop. The asymmetry has been 

2s corrected in the past, for exa pie, by special signal processing 

circuits associat~ with operat n of the first phase· locked loop 

and/or the circuit used for co verting the 1 fH timing signal to a· 2fH 

timing or synchronizing signal. These can be C<?,stly, and can result 

in unwanted delays in propag ting synchronizing information through 

30 the deflection circuitry. 
It is an aspect of this in entlon to provide a horizontal 

deflection system having accu ate synchronizing circuits for use in 

displaying video signals at a ultiple scanning rate, where an 

asymmetry ·stems from a peri ic perturbation of a 

35 synchronizing/timing signal. I accordance with this aspect of the 

invention. a first phase locked loop generates a first timing signal 



~MP. VON:ePA-Munchen 03 +49 511 4182811~ 

4 RCA 85,451 . 

at a first horizontal synchron·i Ing frequency corresponding to a 
horizontal synchronizing compo · ent in a video signal. A converter 

circuit derives, from the first iming signal, a second timi.ng signal, 
having a second frequency at multiple of the first frequency and 

s subject to a variation in frequ ncy at a rate corresponding to the 
first frequency. A second pha locked lo<>p receives the second 
timing signal and a feedback gnal in accordance with the secon~ 
frequency, and includes a vol age controlled oscillator for 
generating a smooth horizonta . synchronizing signal at the second 

1 o frequency. The second phase f eked loop has a loop respanse 
· ·characteristic pr~venting the oltage controlled oscillator from 

changing frequency as fast as the rate of variation of the second 

timing signal. A horizontaJ ou ut deflection stage may be coupled 
to the second phase locked lo p for synchronized horizontal scanning 

, s in accordance with the second requency. The two phase locked 
loops are configured in tande , ·in conjunction with the signal rate 
converter, or multiplier. No dditional signal processing circuitry is 

needed to correct the symmet of the timing signal generated by 
the first phase locked loop or the symmet_ry of the multiple rate 

20 timing signal derived by the nverter. 
tn an ·illustrative embodl ent, the first phase looked loop . 

operates at a first horizontal canning frequency, f~r example 1 fH. 

and the second. phase locked op, including a voltage controlled 
osci!lator, operates at a seco d horizontal scanning frequency which 

2s is a multiple of the first frequ ncy, 2fH. The first phase locked loop 
synchronizes a 1 fH voltage c ntrolled oscillator output, or counter 

divided oscillator output. to th synchronizing signal of an incoming 
1 f H video signal. The second hase locked loop· synchronizes the 

raster scanning with a 2fH vid o signal from a 2fH speedup video 

3o processing system. 
The symmetry of the se ond timing signal within the period of 

the first timing signal need not be exact. Rather, the second phase 
locked loop is characterized b a . loop operation which averages the 
asymmetry errors due to devi tions of the first timing signal from a 

35 fifty percent duty cycle. The ore, the second phase rocked loop 
automatically provides of asymmetry, and at the same 

------
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time, locks the horizontal outp t deflection stage to the generated 
second synchronizing signai. T e second synchronizing signal and 
the ·horizontal deflection circuit have the same frequency and a fixed 

phase relationship. 
The resp.onse of the seco d phase locked loop ·is slow enough to 

reject any component of the fist timing signaJ, but .fast enough to 
track video cassette recorder pe signals, as these types of signals 
wil! produce a response first f m the first loop and secondly from 
the second loop. The second p ase locked loop has a low pass filter 
which prevents the voltage c ntrolled oscillator thereof from 
changing frequency as fast as e error signal changes due to the 
asymmetry of the uncorrected econd timing signal. The error ·signal 
changes at the rate of the first timing signal. In a 1fH to 2fH · 
system. for example, the 2fH oltage controlled oscillator does not 
respond quickly to the frequen y variation of the uncorrected 2fH 
timing s·ignal from the conve·rt r, ·which varies at the 1fH rate. By 
the time the 2fH voltage contr lled oscillator incre~ses frequency a 

liWe, for example, responsive o an· error correction control signal. 
the error control signal tries to reduce ·the frequency. This· has the 
effect ot driving the error sign I closer to an- average value. which 
results in a smooth 2fH rate. aster bends are corrected by the fast 

nature of the second phas~ loc ed loop . 
. It is another aspect of th _invention to provide a smoothing 

circuit for· correcting asymmet errors in multiple rate 
2s · synchronizing systems due to eriodic perturbations in a 

synchronizing or timing signal. Jn a.ccordance with this aspect of 
the invention, a signal source. enerates a first timing signal at a 
first frequency, subject to a p riodic variation in frequency at a 
rate. in accordance with a seco d, lower frequency. A phase locked 

30 

35 

loop, for receiving the first tim ng signal . arid a feedback signal in 
accordance with the first freq ency, includes a controllable 
oscillator for generating a sm oth horizontal synchronizing signal at 
the first frequency. The phas locked loop ha~ a characteristic loop 
response preventing. the contr liable oscillator from changing 
frequency ·as fast as the rate f variation of the first timing signa!. 
A horizontal output deflection sage may be coupled to the phase 

---------
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locked loop for synchronized h rizonta_I scanning in accordance with 
the first frequency.. The errors are ~rrected by operation of a low 
pass filter in the phase tocked loop adapted to reject any signal 
components in accordance with the second frequency. A second 

s phase locked loop may generat a second timing signal in accordance 
with the second frequency, sy chronlzed with a horizontal 

synchronizing component of a ideo signal. The low pass filter 
prevents the oscillator from oh nging frequency as fast as the error 
signal changes due to the asy metry of the first timing signal 

· 1 o within the period of· the secon timing signal. As a result, the error 
signal tends toward an averag value, which smooths the output of 
the oscillator. The first frequ cy is a multiple of said second 
frequency 1 for example· an eve multiple. 

In the Drawing: 
1 s FIGURE 1 is a block dia· ram of a ho.rizontal deflection system 

in accordance with this inven on, having synchronizing circuits for 
generating timing signals to di play 1fH video signals at a 2fH 

horizontal scanning rate. 

FlGURES 2(a). 2(b), 2(c), 2(d) and 2(e) are waveforms useful for 
2 o explaining the asymmetry inher nt in the circuit shown in FIGURE 1. 

FIGURE 3 is a schematic of a 1fH to 2fH analog signal converter 
. . 

suitable for use in the synchro ization system shown in FIGURE 1. 

FIGURE 4 is a block dia ram of a horizontal deflection system 
in accordance with_ this inven on. having synchronizing circuits for 

2s generating timing signals to di play a progressively scanned video 
outp_ut, and including a 1 fH to H digital signal converter. 

FIGURES· 5(a), 5(b), 5(c), 5(d), 5(e) and S(f) are waveforms 

useful for explaining the asy ~etry i~herent in the digital circuit 
shown in FIGURE 4. 

3o FIGURES 6(a), 6(b), 6(c) and 6(d) are waveforms useful for 
explaining the manual phase _a justment betwe~n 1 fH and 2fH 

synchronizing signals for the ci cuit shown in FIGURES 4 and 7. 
FIGURE 7 is a circuit dia ram showing the second phase locked 

loop of FIGURE 4 in more detai. 
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FIGURE 8 is a diagram Uustrating raster splitting due to 
asymmetry of a 2fH. synchroni ing signai within the period of a 1 fH 

synch·ronizing signal. 
A synchronization syste for displaying 1 fH video signais at a 

s 2fH scannir.g rate is shown in iock diagram form in FIGURE 1, and 

generally designated by reiere e numeral 10. An analog circuit 12, 
for .example, comprises a sync separator ~ 4, a phase comparator 16 
and a voltage controlled oscill tor· 18 having a 1 fH rate output 
signal. Voltage controlled osci lator is denoted 1fH VCO. A 1fH 

1 o video signal is an input on Une 11 to sync separator 14. The 1 fH 
video signal _may ~e a standard NTSC interlaced video signal. The 
sync separator 14 'provides h izorital synchronizing pulses on line 
13 as one input to phase com arator 16 and vertical synchronizing 
pulses on another output line, ot · shown. The output of phase 

, s comparator 16 on · une 15 is a input to low pass filter 20, denoted 

LPF .. The error control signal enerated by phase comparator 16 on 
fine 15 is integrated by. low p. ss filter 20 to. develop an error 
control signal for voltage cont olle~ oscillator 18. The output of 
voltage controlled oscillator 18 on line 17 is a 1fH frequency timing 

2(1 signal. The 1fH timing signal n line 17 is an input .to 1fH-to-2fH 
converter 22. · The 1 fH timing lgnal on line 17 is fed back on line 19 

as the second input t.o phase c mparator 16. Phase comparator 16, 
voltage controlled oscillator .1 s and line 19 form a first phase 
locked loop, generating a 1 fH ate output signal. The .1 fH timing 

2 s sign at on line 17 is phase Joe ed to the synchronizing signals of the 
1 f H video input on line 11. 

A 1fH·to-2fH converter · generates a 2fH rate .timing signal 

on line 23 from the 1fH timing signal on line 17. The 2fH timing 
s'ignal on line 23 is an uncorr ed timing signal. denoted 2fH·REF. 

so The operation of the ifH to 2f converter 22 is explained in more 
detaH in connection with FIGU E 3. 

The 2fH timing signal o line 23 will· be symmetrical only· in so 
far as ttie 1 fH timing signal on line 17 has a perlect, or- nearly 

perfect, fifty percent duty cycl , and tight tolerance parts. are used 
3s ·in the 1fH to 2fH converter. 22. As a practical matter, the duty cycle 
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of the 1 fH signal rnay exhibit nacceptable deviation from· a fifty 
percent duty cycle due to tfH jitter. 

The term 1 fH jitter is us herein to refer to a 1 fH cyclical · 

variation of the output of the I w pass filter 20, which is the error 
5 correction signal for the vol~ag Controlled oscillator 18. The . 1 fH 

jitter causes a cyclical variatio of the output of voltage controlled 
oscillator 18, at the 1fH rate. he 1fH synchronizing pulses shown 
in FIGURE 2{a) are separated f om the 1fH video signal by sync 

separator 14. The error signal, or control voltage, shown in FIGURE 
1 o 2(b) is typical of how the the fH jitter can occur. The jitter may 

result from feeding back the 1 timing signal to the phase 

comparator. The error control signal gradually decreases over most 
of the 1/fH period, ~hich cause the frequency of the 1fH VCO to 
gradually decrease during each 1/fH period. The 1fH signal produced 

1 s by voltage controlled oscillator 8 shown in FIGURE 2(c) is phase 
locked to the synchronizing put es. The frequency of the voltage 
controlled -oscillate~ varies to tack the 1 fH synchronizing pulses. 
The 2fH timing signal, which i derived from the 1fH signal, has two 
pulses for each period of the 1f signal as shown in FIGURE 2(d). The 

2 o first 2f H pulse shown has a pe od tA and the next successive 2f H 

pulse has a period t8. Due to the typical variation in the controi 
signal for the 1 fH VCO, the peri ds tA and te may not be eq.ual. As 

shown in .FIGURE 2(c), for exa pie, lA is shorter than t6 . Therefore, 
the retrace pulses which woul result from the uncorrected 2fH- REF 

2s signal have greater amplitudes during the alternate periods ta than 
·during the alternate periods tA, s shown in f:=IGURE 2(e). An 

alternating succession of ret e pulses having different . amplitudes 
Y1 and Y2 results in the two ets of alternating trace lines having 
different starting points, as illu trated in FIGURE 8. The 

3o uncorrected timing signal 2fH- EF on line 23 may exhibit 

unacceptable· asymmetry, whic might result in a split raster. 
A second phase locked I op is formed by a television horizontal 

processor circuit 24, ~hich ma be embodied as an industry type 
CA1.391. Functio-ns in the CA1 91 include ~ phase comparator, an 

35 oscillator, a VcQ voltage regul tor and a predriver. 
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The 2fH·REF timing signa on line 23, which as noted may be 
adversely affected by jitter in he 1 fH timing signal on li.ne 17, is an 

input to the phase comparator 6 of processor circuit 24. The 
output of phase comparator 26 n line 25 is an input to a low pass 

s filter 30. Voltage controlled o cillator 28 generates a 2fH rate 

output signal. The error contro signal generated by phase 
comparator 26 is integrated by low pass fitter 30. The output of 
voltage controlled oscillator 28 n line 27. provides a CORRECTED 
2fH signal for horizontal outpu circuit 32. The horizontal output 

1 o circuit 32 generates a horizont 1 scanning current, and provides 2f;; 

RETRACE pulses on line 33. T e retrace .pulses are an input to a 
delay circuit 34t for adjusting th phase of the CORRECTED 2fH 
signal relative to the uncorrect d 2fH·REF timing signal. The 
uncorrected 2fH·REF timing si nal has a fixed phase relationship 

1 s with the 1 fH timing signal, thro gh the 1fH to 2fH converter 22. The 

output of the delay circuit 34 o line_ 35 is a second input to phase 
comparator 26. 

The operation of the seco d phase locked loop is such as to 
average period and frequency ariations of the pulses in the 2fH·REF 

20 timing signal, caused by Jitter f the 1fH timing signal. More 

particularly, the time constant of the low pass filters of the 
respective phase locked loops re set to provide the 1 fH phase 

. locked loop with a slower loop response than that of the 2fH phase 

locked loop. The· 1tH roop is elatively slow, that is, having a narrow 

2s bandwidth to optimize rejectio of phase jitter with decreased RF 

signal strength_, which may be vident in fringe reception areas.. The 
2fH loop is typically faster~ th t is. having a wider bandwidth in 
order to optimize tracking of ariations in the raster scanning 

current due to horizontal out ut transistor storage time variations 

30 and high· voltage transformer t ·ning effects~ The result is ~ straight 

nonbending raster un.der all be m current l_oading conditions. . An 
exception to this mode of ope tion is in regard to the compromises 
necessary in the 1fH loop to a commodate signals from video . 

cassette recorders and the like in which step chanQ~S of up to 1 O 
3 s microseconds are sometlmes e countered. Tradeoffs can be made to -

. ' 
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weak· signal performance wi~h ut significant overall degradation of 
receiver perf~rmance. 

If the asymmetry of the fH pulses within a given 1 fH period is 
such that the first of the two p lses in the given 1 fH period has a 

s . frequency that is too high, the ext pulse will have a frequency 
which is toe low. and vice vers . Referring to FIGURE 2(c), tA +ts is 
constant. ·equalling the 1 fH · peri d. The variations of the 2fH- REF 

signal will al·ways result in su essive error signals of an opposite 
sense for each 1 fH period. Th will be true except in those 

, o instances when there happens be no asymmetry error and no error 
voltage in a given 1 fH period. he low pass fiJter of the 2fH loop 

wilf not let the 2fH voltage co trolled oscilJator change frequency 

as fast as changes occur in t error control signal resulting from 
variations in the uncorrected 2 H~REF timing signal, which occur at 

1 s a 1 fH · rate. By the time the 2f voltage controlled oscillator 

decreases frequency a little, fo example in response to an increase 
in the frequency of the 2fH .. RE timing signal during a period tA, the 

error signal changes sense to i crease the frequency in response to 
the subsequent decrease in the frequency of the 2fH-REF signal 

2~ · during the subsequent period t of the same 1fH period. This has the 

effect of driving the error cont ol signal closer to an average value. 
which results in a smooth 2fH RIVE signal. Accordingly, _the· 

CORRECTED 2fH synchronizin signals on line 27 are sufficiently 

symmetrical within· the period f the HH timing sign~f to prevent 

2s raster splitting .. Stated more b oadJy, the second phase locked loop 
is not only effective to lock the CORRECTED 2fH signal to the 1 fH 

synchronizing signal, the secon phase locked· loop is effective to 
average out· the timing errors i the uncorrected 2fH-REF signal due 

to 1fH jitter. The timing error cannot be corrected by employing a 

3o phase control loop which does not include an· oscillator. 
FIGURE 3 illustrates a itable 1fH to 2fH converter circuit 22. 

which may be utilized in the ci uit shown in FIGURE 1. The circuit 
22 generates a 2f H timing sign I on line 23 responsive to a 1 fH 

t1mi11g signal on line ·17. · Posit e pulses of the 2fH·REF output 

35 signal on line 23 are generate when transistor 014 conducts.· An 
inverted output signal is avail ble at the. collector of transistor · 
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Q1 s. Conduction of transistor 014 is controlled by two pairs of 

transistor switches, Q10 and Q1 on the one hand, and Q12 and 013 . 
on the other hand. 

The 1 fH timing signal is capacitively coupled to converter 

s circuit 22 through capacitor C2 The effect of capacitor 02 is to 

convert each rising edge of th 1 fH timing signal to a positive pulse, 

and each trailing edge thereof . a negative pulse, as shown by the 

·waveform on line 21. In the a sence of such pulses, the voltage 

level at the base of transistor 12 will be Vcc/2, by the action of 

, o the voltage divider formed by r sistors R12 and R13. Vee may be 

+ 16 volts, for example. The ie~ent voltage at the emitters of 

transistors 012 and 013 will b Vcc/2 - Vbe, by reason of the 

emitter follower configuration transi~tor 012. The. anode of 

diode 011 will also be at Vee/ , and the cathode of diode 011 will 

, s therefore be at Vcc/2-Vbe, whi h voltage .appears at the base of 

transistor 013. Accordingly, i this quiescent state, transistor 012 

is turned on and transistor Q1 is turned off. The base of transistor 

011 will be at Vcc/2 - Vbe du to the voltage drop across diode D1 O. 
The base of transistor 010, w ich is also line 21, will be at Vcc/2. 

20 The emitters of transistors 01 and 011 will be at Vcc/2 - Vbe. · 

Accordinglyl in the same quie cent state, transistor 010 will be 

turned on and transistor Q11 ill. be turned off. Whenever a positive 

voltage spike raises. the vonag l~vel .at the anode of diode 011 to · 

Vcc/2 + Vbe, the vottage at th base of transistor 013 will be raised 

2s to Vcc/2, and of sufficient ma nitude to turn on transistor 013. At 

the same time, transistor Q~ 2 will be turned off. When transistor 

013 turns on, the base of tran istor 014 will be pulled to ground, 

and transistor 014 will turn on. When transistor Q14 turns on, a 
positive 2fH rate pulse will b initiated at the collector of 

30 transistor 014. When the posi ·ve voltage spike on line 17 

terminates, the additional volt ge across capacitor C2 will be 

dissipated at a time constant etermined by the values of resistor 

R14 and capacitor C2. When apacitor C2 is sufficiently discharged. 

transistor 013 will turn off an tra!'.lsistor 012 will ·turn on. When 

3s transistor Q13 turns offt transi tor 014 turns off, and the 2fH pulse 

is termi.nated. When a negativ voltage spike lowers the voltage on 
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line 21 to Voo/2 Vbe, transistor 011 wilt be turned on and 

transistor 01 O will be turned o . ·Whe'n · transistor 011 turns on, 
trans!stor Q1 o will be turned o . When transistor 011 turns on. 
transistor Q14 turns on, and pri duces another positive 2fH pulse. 

s When the negative voltage spik terminates, and the charge on 
capaci~or C2 discharges, trans stor 011 will turn off and transistor 
·010 Will turn on. When transi tor Q11 turns off, transistor 014 

turns off, and terminates the p sitive pulse. Although the width of 
the 2fH·REF pulses on line 23 will be subject to some variation, this 

i Q variation is of no· consequence, as the phase comparator 26, of ·a 
1391 type integrated circuit, is edge sensitive. It is only necessary 
that the pulse width of the 2fH· EF pulses be wider than 
approximately one-half of the etrace derived pulse, which is t~e 

other input to the phase comp ator. This minimum width can be 

, s assured by the proper selectio of capacitor C2 and resistor R14. At 

· the same time, the pulse width should be maintained as narrow as is 

necessary in order to maintain a fast switching response in· the 

converter circuit. 
A synchronization syste for a total 2fH deflection 

20 synchronization system is show in block diagram form in FIGURE 4, 
and generally designat~d by re rence numeral 40. The 1-ch.ip 

(analog circuit) 12 shown in Fl URE 1 is embodied as an industry 
type TA8360 1-chip. . A 1 fH vi eo signal on line 11 is an input to 

sync separator 14. The sync eparator 14 provides vertical 
2s synchronizing pulses on line 4 and 1fH horizontal synchronizing 

pulses on line 13.. The 1 fH sy .hronizing signals . on line 13. show.n in . 

FIGURE 5(a), are an input to p ase comparator 16. The output of 
phase comparator 16 on line 1 shown in FIGURE 5(b), is an error 

control signal input t~ low pas filter 20'. The frequency 

3o characteristic of the low pass filter in the TA8360, for example, is 
determined primarily by exter I timing components. Accordingly, 

b\ock 20' is shown by dashed 1i es. The external elements may be a 
series R-C network, having a O microfarad capacitor. and a 3K 

resistor coupled between the o pacitor and ground. Voltage 
35 controlled oscillator 48 operat at a 32fH rate, responsive to a 

ceramic resonant circuit 50. nominal· 3·2fH timing signal on line 
~~~~~~~~-
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49, shown in FIGURE S(c). is input to a divide by 32 circuit 52. 
The output of the divide by 32 circuit on line 17 is a 1fH drive 
signal, shown ·in FIGURE S(d). The 1 fH signal ·is an input on line 55 to 

the other input of phase comp rator 16, which can result in the error 
s controi voltage of FIGURE 6(b) being adversely modified by a 1 fH 

ripple as shown. In the event he width of the 1fH pulses, being fed 
back to the phase comparator 6, are too wide, the pulse width can 
be reduced, for example by seres coupled capacitor 54. The 32f H 

output of the resonant circuit o is also available externally of the 
, o 1-chip, on line 51. 

A progressive scanning 
number of control functions. 

on line 51 and the 1fH output 

circuit 58. The 32fH signal pr 

ontrol circuit 56 also provides a 
he 32fH output of resonant circuit 50 

line 17 are inputs to a divide by 16 
ides a CLOCK input for circuit 58. 

1 s The. output of the divide by 16 circuit is a timing signal at a 
· frequency· of 2fH, twice the 1 f rate of the outp~t of the divide by 32 
circuit. The 1fH timing signal o line 17 provides a PRESET 
synchronizing signal for initiafi ing the counter of divide by 16 
circuit 58 and synchronizing t .circuit 58 with the 1fH signal on 

20 line 17. The output of the divi e by 16 circuit 58 on line 59 is an 
input to pulse width circuit 60 Pulse width circuit 60 assures that 
the width of the pulses in the ncorrected 2fH·REF signal on line 61 

will be wide enough to ensure roper operation of phase comparator 
a4· in the CA1391 type integra phase locked. loop circuit 62. 

2 s A~ is the case with the ci cuit shown in . FIGURE 1 , the 2fH- REF 

signal is sy~metrical onfy to he extent that the initial duty cycle 
of the 1fH signal is fifty perce . The effect of the 1fH ripple on· the 
error control voltage for the 3 fH VCO is reflected in the waveform 

of FIGURE 5(b). The error co trol voltage periodically falls during 
ao each 1fH. period. Accordingly,· he output frequency fvco of the 32fH 

VCO falls periodically, during ch 1fH period. As the frequency 
falls, each subsequent output lse from the 32fH VCO has a lower 
frequency. As the frequency d creases. the pulse width 1/fvco 
increases. The divider circuit doubles the frequency of the 1 fH 

35 signal, which has a period of 3 output pulses of the· 32fH VCO, by 
dividing the period in half, tha is, into two sixteen pulse periods. 

. iif 1i1iii1r1rH1r 
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However, due to the falling 1 fH CO frequency and due to the 

periodically increasing pulse w· ths, the aggregate width of the 
first sixteen pulses, tA is less · han the aggregate width of the next 
sixteen pulses, ta. When the ration of tA is not equal to the 

s duration of ta. the 2fH·R.EF t~ ng signal is not symmetric within 
the period of the 1 fH signal, n twithstanding the precision of the 
digital divider. This asymmetry can cause retrace pulses of 
alternating amplitudes vi and Y as shown in FIGURE 5{f), which are 
analog·ous to the retrace pulses hown in FIGURE 2(e), and which can 

~ o result in the raster splitting. T 2fH·REF signal generated by the 

digital circuit must the.refore al o be treated as an uncorrected 
signal, which requires further rocessing. 

The error control signal o phase comparator 64 on line 65 is 
ari input to low pass filter. 63. The output of low pass filter 63 is a 

1 s control input .to voltage contro led oscillator 66 1 which operates at 
a 2fH rate, and is denoted 2fH 0. The operating frequency of a 

type 1391 oscillator and the fr uency response of the low pass 
filter are ·determined by extern I timing components, as shown in 

more detall in FIGURE 7. Acco dingly, block 63 is shown by dashed 
20 lines. The frequency characte istic of the low pass filter 63 is 

determined by the series R-C etwork formed, for example, by 1.5 
microfarad capacitor C53 and 2 resistor R68. The output of voltage 
controlled oscillator 68 on line 7 provides CORRECTED 2fH. . 
synchronizing signals for a hor zontal output circuit 68. The output 

2s of the horizontal output circuit 8 on line 69 provides a 2fH signal 
in the form of 2fH RETRACE pul s. The 2fH RETRACE pulses are an 
input to ramp generator 70, wh h is subject to a manual phase delay 
by manual delay circuit 72. Th output of ramp generator 70 on line 
71 is AC coupled by capacitor 56 to the other input of phase 

ao comparator ~4 by line 73. 
The . waveforms of FIGUR S(a) - 6(d) illustrate the rel~tive 

phase positions of the 1 fH and H-REF timing signa!s generated in 
the circuit of flGURE 4. FIGU E S(a} illustrates the HH SYNC pulses 

separated by sync separator 14 and provided· to phase comparator 16 
35 on lirie 13. FIGURE S(b) show the 1 fH output of the divide by 32 

circuit 52 on line 53. phase locked loop is the~re.......,fo ...... r_,.,_e _____ _ 
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responsible for maintaining the relative phase of the leading edge of 

the 1 fH pulses and the midpoint for example, of the 1 fH SYNC pulses. 

This alignment can be adjuste by means of a delay or filter circuit, 

shown as capacitor 54. As illu rated in FIGURES 6(a) and 6(b), the 

s delay circuit 54 is- not inserting any delay. FIGURE S(o) illustrates 
the 2fH-REF signal generated pulse width circuit 60 on line 61, 

which is one of the inputs to p ase comparator 64 of the second . 

. phase 1ocked loop 62. As ·is th case with the circuit of FIGURE 1 , 

the second phase Jocked loop 6 of FIGURE 4 is effective to lock the 

1 o · CORRECTED 2fH signal to ttie fH synchronizing signal and is 

effective to average out the a ymmetric timing errors in the 

uncorrected 2fH·REF signal du to 1fH jitter. FIGURE 6(d) shows the 

2fH RE1RACE pulses. on line 69 which are an input to a ram_p 

generator 70. A mam.~al contr I circuit 72 for the ramp generator 70 

1 s enables adjustment of the diffe ence in phase between· the 

CORRECTED 2fH pulses and the 2fH·REF pulses; 

A circuit schematic for a portion of the block diagram shown . 

in· FIGURE 4 is shown in Fl<?UR 7. Phase locked loop circuit 62 is 

embodied as an industry type A1391 integrated circuit. The circuit 

20 62 contains an oscillator 66, p ase detector 64, predriver 84, phase· 

detector output driver 86 and voltage regulator 87. The 

oscillator 66 is an RC type wit . terminal 7 used to control 

frequency. An externaf capaci r C51 is connected from terminal 7 

to ground and charges through external resistance A62 coupled 

2 s . between terminals 6 and 7. W en the· v9ltage at terminal 7 exceeds 

an internal potential bia·s, capa ltor C51 is discharged through an 

internal resistor. This conducti n causes generation of a drive 

pulse. which terminates when the capacitor is sufficiently 

discharged. The discharge eye e is responsive to a sawtooth sig na1· 

so at terminal 4. Negative-going ynchronizing pulses at terminal 3 . 

are phase compared with the awtooth waveform at terminal 4, 

which is derived· from horizont I fl.yback· or retrace pulses. lf there 

is no phase difference between the synchro.nizing signal and the 

sawtooth waveform, there is n net output current ·at terminal 5. 

35 When a phase offset occurs, c rrent flows either in or out of 

terminal 5 to correct the freque cy. The duty cycle, or mark space . 
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ratio, of the predrlver 84 may e adjusted by setting the potential at 

terminal ·s. In the circuit of Fl URE 7, this is determined by the 

voltage divider formed oy resis ors R63 and R64. Potentiometer 

R37 I coupled to terminal 7 thro gh resistor R72, may be used to 

s manually adjust the frequency of oscillator 66. 

The ramp generating cir uit 70 comprises transistor 04, 
resister R55 and capacitor CSO The. ramp signal generated across 

capacitor CSO is AC coupled to terminal 4 through capacitor C56. A 

. transistor 02 and potentiomete R20 form a manually operable delay 

~ o circuit 72, which varies the cur ent needed to charge the ramp 

capacitor CSO. Variation of th time. needed to charge capacitor CSO 

provides a variable delay of a proximately from 0·2 microseconds in 

the relative phase of the 2fH·RE pulse$ and the CORRECTED 2fH 

pulses. 
fs . The CORRECTED 2fH ou .ut of predriver 84 on line 67 is an 

input to a push-pull driver circ it comprising transistors 05 and as. 
which provides a 2fH DRIVE o tput signal to the horizontal output 

circuit. 
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WHAT IS CLAtMED lS: 

.. 1. A horizontal deflecti 
a first phase locked loo 

signai (on 17) at a first horiz 

corresponding to a horizontal 
signal; characterized by 

17 RCA 85,451 

n system, comprising: 
{12) generating a first timing 

ntal synchronizing frequency 
nchronizing component in a video 

means (56) for deriving rom said first timing signal a 
second timing sign a! (on 61), h ving a second frequency at a · 
multiple of said first frequenc and being subject to a variation 
in frequency at a rate corresp nding to said first frequency; 

a second ph~se locked f p (62) for· receiving said second 
timing signal (on 61) and a fe back signal (on 73) in accordance 
with said second frequency. i eluding a voltage controlled 
oscillator (66) for generating smooth horizont~I synchronizing 
signal (on 67) at said second f equency, said second phase tocked 
loop (62) having a characteris ic loop response preventing said 
voltage controlled oscillator ce ) from changing frequency as 
fast as said rate of variation f said second timing signal; and, 

a horizontal output defl tion stage (68) coupled to said 

second phase locked loop (62 for synchronized horizontal 
scanning in accordance with s id second frequency. 

2. The system of claim 1 , characterized in that a feedback 
signal (on 55) for .said first p se locked loop (12) is derived_ 
from said first timing signal { n 17). 

3. The system of claim 1, characterized in that said second 
phase locked loop (62) oompr ses a low pass .filter (63) for 
controliing said voltage contr lied oscillator (66), said low pass 
firter having a frequency cha acteristic defining said· loop 
response. 

4. · The system of claim 1, characterized in that said 
feedback signal (on · 73) is· de ived from retrace pulses (on 69) 

from said horizontal output d flection stage (SS). 

~ 
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5. The system of claim , characterized by. a sawtooth 
signal circuit (70) for generati said feedback signal (on 73} 
responsive to said retrace puls s (on 69). 

6. The system of claim , characterized in that a sum of 
successive pulse periods of sa second timing signal (on 61) in 
each pulse period of said first timing signal (on .17} is constant. 

7. A horizontal deflect[ n system, comprising: 
means (56) for generatin a first timing signal (on 61) at a 

first frequency, subject to a p riodic variation in frequency. at· a 
rate in accordance with a sec nd, lower frequency; 

a phase locked loop (62 for rec~iving said first timing 
signal {on 61) and a feedback ignal (on 73) in accordance with 
said first frequency, including a ·controllable oscillator (66) for 
generating a . smooth horizontal synchronizing signal (on 67) at 
said . first frequency. ~aid phas locked loop having a 
characteristic loop response reventing said controll.able 
oscillator (66) from changing f uency as .fast as said rate of 
variation of said first timing si nal (on 61 ); and 

a ho.rizontal output defle tion stage (68) coupled to said 
phase locked.·loop (62) for syn hronized horizontal scanning in 
accordance with said first fre uency. 

8. The system of claim 7, characterized in that said first 
frequen.cy (2fH) is a multiple o said second frequency (1fH). 

9. The system of claim 7. characterized in that said first 
frequency (2fH) is an even mu iple of said second frequency 
(1fH). 

1 O. The system of claim 7, characterized in that said phase 
locked loop (62) comprises a ow pass filter (63) for controliing 
said oscillator (66), said low ss filter {63) having a frequency 
characteristic defining said lo p response. 

... 
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11. The system of clai . 7. characterized in that said 

feedback signal (on 73) is deri ed from retrace pulses (on 69) 

from said horizontal output d fleet ion stage (68) .. 

12. The system of clai 11 , characterized by a sawtooth 

signal. circuit (70) for generati g said feedback signal (on 73) in 

accordance with said retrace ulses. . 

13. The system of claim 7, characterized by a second phase 

locked loop (12) for generating a second timing signal {on 17) in 

accordance witn said second equency, synchronized with a 

horizontal synchronizing comp ent (on 13) of a video signal 

(on 11 } .. 

14. The system of clai 13, characterized in that a sum of 

successive pulse ·periods of s id first timing signal (on 61) in 

each puise period of ·said sec nd timing signal (on 17) is constant. 

15. A horizontal defle ion system, comprising: 

a first phase locked loo (12) generating a first timing 

signal (on 17) at a first freq ency representative of the 
frequency of a horizontal sync ronizing component in a video 

signal (on 11 }; characterized y 
means (56) for deriving from said first timing signal 

(on 17) a second timing signal (on 61), having a second frequency 

at a multipie of the frequenc of said horizontal synchronizing 

component frequency; · 

a horizontal output defl ction· stage (68); 

a second phase locked I op (62) for receiving said second 
timing signal (on 61) and a fe dback sign·a1 (on 73) derived from 

said horizontal output deflecti n stage (68), including a voltage 

controlled oscillator (66) for enerating a scan synchronizing 

signal (on 67) at a s~cond fre uency greater· than the frequency· of 

said horizontal synchronizing omponent, said horizontal output 

deflection stage ·(68) being co pied to said second phase locked 

loop. (62) for synchronized ho izontal scanning at a frequency 

greater than the frequency of said horizontal synchronizing 
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component and in accordance ith said scan synchronizing· signal 
(on 67). 

16. The system of claim 15. characterized in that a 
feedback signal (on 55) for sai first phas~ locked loop (12) is 
derived from said first timing ignal (on 17). 

17. The system of claim 15, characterized in that said 
second phase locked loop (62) has a low pass filter (63) 
generating a control signaf fo said voltage controlled oscillator 
which prevents said oscillator 66) from changing frequency as 
fast as changes occur in the fr quency of said second timing 
signal (on 61 ). 

18. A horizontal deflect n system, comprising: 

a source (12} of a horiz ntal synchronizing component 
(on 17) of a video signal: ·cha cterized by 

means (56) coupled to s id source (12) for generating a 
first timing signai (on 61) syn hronized thereto and of a first 
frequency, said first signal bei g subject to a periodic variation 
in frequency, said periodic vari tion being at a second frequency 

lower than said first frequenc ; 

a phase loc~ed loop (62 for receiving said first timing 
sigl'.lal (on 61) and a horizontal related feedback signal (on 73) for 
generating a smooth scan syn hronizing signal (on 67) at. said 
first frequency, the ·Characteris ic of said phase locked loop {62) 
being such ·as to avoid the in oduotion of said periodic variation 
in frequency into said scan sy chronizing signal; and, 

a horizontal output defle tion stage {68) coupled to said 

phase locked loop (8~) for sy chronized horizontal scanning in 
accordance with said scan syn hronizing signal (on 67}. 

19. The system of clai 18, characterized in that said first 
frequency is a multiple of said second frequency. 

20. The system of clai 19, characterized in that said first 

frequency is an even multiple f said second frequency. 
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21. A horizontal deflect on system, comprising: 
a first phase . l_ocked loo (12) generating a first timing 

signal (on 17)- at a first frequ ncy representative of the 
fr~quency of a horizontar sync ronizing component (on 13) in a 
video signal (on 11); character zed by · 

means (56) for deriving· from said first timing signal 
(on 17) a second timing signal on 61 ), having a second frequency 
at a multiple of the frequency of said horizontal synchronizing 
component frequency: . 

a horizontal output defre tion stage (68); and 
a second phase locked I p (62) for receiving said second 

. timing signal (on Sl) and a fe back signal (on. 73) derived from 
said horizontal output deflecti stage {88), including a voltage 
controlled oscillator (66) for g nerating a scan synchronizing 
signal (on 67) at a second fre uenoy greater than the frequency of 
s.aid horizontal synchronizing mponent (on 13), said horizontal 
output d~flection stage (68) be' g coupled to said second phase 
locked loop (62) for synchroni horizontal scanning at a 
frequency greater than the fre uency of said horizontal 
synchronizing component and i accordance with said scan 
synchronizing signal (on 67). 

22. The system of clai 21, characterized in that a 
feedback signal (on 55). for sai first phase locked loop (12) is 
derived from said first timing ignal (on 17). 

23. The system of clai 21, characterized in that said 
second phase looked loop (82) comprises a low pass. filter (63) 
for controlling said voltage c ntrolled oscmator {66). 

24. The system of clai 21, characterized in that said 
feedback signal (on 73) is deri ed from retrace pulses (on 69) of 
said horizontal output deflecti n stage (68). 

25. The system of clai 21, characterized in that a sum of 
successive pulse periods of sad second timing signal (on 6~) in 
each pulse period of said first timing signal (on 17) is constant. 
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26. A horizontal deflect n system, comprising: 
a source (14) of a horiz ntal synchronizing component 

(on 13} of a video signal (on 1 ); 
means (12,56) coupled to said source (14) for generating a 

first timing signal (on 61) syn hronized thereto and of a first 
frequency, said first timing sig al being subject to a periodic 
variation in frequency, said pe iodic variation being at a second 
frequency lower than said firs frequency; 

a . phase locked loop (62 for receiving said first timing 
signal (on 61) and a horizontal related feedback signal (on 73) for 
generating a smooth scan sync ronizing signal (cm 67), said phase 
iocked loop (62) having a ch racteristio response substantially 

· precluding introduction of said periodic variation in frequency 
into said scan synchronizing si nal (on 67); and 

a horizontal output defle tion stage (68) coupled tc:> said 
phase locked loop (62) for syn hronized horizontal scanning in 
accordance with said scan syn .hronizing signal (on 67}. 

27. The system of clai 26, characterized in that said first · 
frequency is a multiple of said second frequency. 

28. The system of clai 27, characterized in that said first 
frequency is an even multiple f said second frequency. 

29. The system of clai 26, characterized in that said 
phase locked loop (62) compr es a controllable oscillator (66) 
and low pass filter (63) for c ntrolling said oscillator, said low 
pass· filter defining said· char cteristic response. 

30. The system of clai 26, characterized in that said 
·.feedback sign_al· (on 73) is rela ed to retrace pulses (on 69). 

31.. The system of clai 26, characterized in that said firs~ 
timing signal generating means (1.2,56) comprises a second phase 
locked loop (12) generating a econd timing signal (on 17). 
synchronized with said horizo tal synchronizing component 
{on 13). 

-·--·------
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32. The system of. claim 31, characterized In that a sum of 

successive pulse periods of sad fir.st timing signal (on 61) in 
. each pulse period of said seco d timing signal (on 17) is 
substantially constant. 
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