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DISPLAY LOCKl=D TIMING SIGNALS FOR VIQEO PROCESS.ING 

This invention r~lates to a system for providing precise t1m1ng 
signals for video processing, for example. video speedup circuits 
an~tor digital processing in general. The timing signals can be at 
the same frequency or at different frequencies, for example fH and 

nfH. an integral. multiple of fH. The. timing signals can be 

synchronized respectively with an incoming video signal and with a 

signal derived, for example, from an output signal of a horizontal 
deflection circuit, such as a signal derived from the horizontal 
deflection current. 

Television apparatus require that the circuits generating the 

raster scan be synchronized with the video signal being displayec. 
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 cf 
approximately 15,734 Hz. 

The basic scanning rate for video signals is variously referrec 
to as fH, 1 fH, and 1 H. The actual frequency of a 1 fH signal will va~y 

according to qUferent 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 
displayed frame be scanned in the same time period allotted for 
scanning. one of ·the .two fields of the interlaced format. 
Accordingly .. the horizontal scanning· frequency must be twice tna! 
of the interlaced video signals. The scanning rate for. such 
progressively scanned displays is va~iously referred to as 2fH ar.d 
2H. A 2fH scanning frequency according to standards in the Uniteo 

States. for example, is· approximately 31,468 Hz. An unspecified 
multiple rate may be referred to, for example, as- nfH where n is ·an 

integer greater than 1. 
A problem that can be encountered in video processing ·and 

deflection systems. for example, in progressive scanning systen:s 
is that some video 'processing must must be performed on t~e 

incoming interlaced video signal at 1 fH, whereas other video 

proc~ssing must be performed on th.e displayed video signal at the 
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faster progressive rate. for example 2fH. Both 1 fH and 2fH t1m;r.g 

signals must be provided. In a digital television receiver or video 
recorder. for example. incoming video signals are digitizea for 
signal processing. After conversion. the incoming video must be 
written into storage means, for example a shift register and1or 
buffer. at the 1 fH rate. Video output ~ignals, however .. must be reac 
out of the storage means at the faster rate, for example 2fH. 
Blanking signals are another example of a necessary 2fH · timing 

signal. The timing signals used f9r video processing must not. oniy 
be synchronized with one another. but must be synchronized witr the 
incoming video signal and with the beginning of video trace. 
Problems in properly synchronizing the video/raster phasing and t~e 

timing signals can result in distortion of the pic.ture wh"1cr.. fer 
example. might become uncentered or evidence a split raster. 
Typically. the video information is received by. the · tele.v!sio,., 
apparatus one line at a time, at a first or basic horizontal "scanr.1r.g 
rate. for example 1fH. In a progressive scanning .system. for 

example. the video information may be stored. one or more lines a: a 
time. prior to being displayed at the 2fH rate. Sometimes. each ::re 
is read out, or displayed, more than once. Sometimes. the 
information in successive lines, or sets of li.nes, is proces~ed. tor 

example, by being combined by interpolation. In either event. tne 
larger number of lines of video information must be displayed at a 
faster rate. for examp~e. 2fH. . 

Accordingly, it is necessary to generate 1fH and 2fH timing 

signals for use in an interlaced-to-progressive scan conversion 
circuit in a progressive scan television receiver. · Moreove·r. it is 
very important that the 2fH signals have minimal 1 fH modulatio~ er. 
their periods, sometimes ref~rred to as HH ripple or jitter. Further. 
it is particularly convenient if both the 1 fH and 2fH timing signais 

are derived from the same clock oscillator. In the past. a line locKec 
clock. or oscillator. has been employed for generating such timing 
signals. Line locked is a term generally understood to denote ar 
ooerating condition w~erein an oscillator or clock is synchron1zec 
with. that is locked to. the horizontal synch~onizing pulses of a~ 
incoming interlaced video signal. Certain jitter conditions. ever ·~ ~ 

·--,. 
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1 f H system. without a video speedup circuit. can result ir. 
misregistration of the beginning of the videQ line and the beginning 
of horizontal trace. notwithstanding implementation of ·a 
conventional line-locked clock for controlling video processing. 
However, if the 2fH deflection circuit is syncnronized with the v1cec 
signal by a source other than directly, for example by the horizo~:a· 

synchronizing component of the incoming video signal. and 1f there 
is negligible 1fH ripple in the deflection circuit, then a master clocK 
oscillator for generating the 1 fH and 2fH timing signals can be 

. locked to the 2fH deflection circuit without introducing a 1 fH npo.e 
component into the 1 fH and 2fH timing signals. Similarly. in a 1 fH 
system without progressive scanning, a video processing circ.uit car; 
have certain video features requiring, for example, digital 
processing of the video signal. Such a video processing circuit can 
require video signals to be written into a memory and· stored 
temporarily, prior to being read out of men:iory onto t~e telev1s1or: :~ 
monitor screen. In this case, the video lines must be written into 
memory in synchronism with the incoming video signal. but :;:e v:ce: 
lines must be read out of memory in synchronism with the horizon:ai 
deflection circuit. When a conventional line-locked clock is . 
synchronized to the incoming video signal, various jitter condit1or.s 
in the deflection circuit, for example phase variations of retrace 
pulses c~used by variations in beam current loading, can disturb the 
registration,. or time coincidence. of the·· beginning of each horizoma; 
trace and the beginning of the video line being scanned. 

In accordance with an aspect of this invention, a new kind cf 
master clock is defined, namely one which is locked to an output 
display control signal, for example, an output signal of the 

·deflection circuit, such as the horizontal deflection current or a 
signal derived therefrom. Such a clock is referred to herein as a 
display-locked clock, or oscillator, to differentiate from a 
conventional line-locked clock. or oscillator. A display locked cloc~ . . 
or oscillator is useful in any system where the beginning of v1aec 
trace cannot be reliably locked to the horizontal synchronizing 
pulses cf· a video signal. In a display system using a cathoce ray 
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tube and a corresponding horizontal deflection system. the ter~ 

scan-locked is also appropriate. 
It is therefore an aspect of this invention to· provide a sys_!e!".I 

for generating timing signals for a te.levision apparatus where!~ tne 
horizontal scanning signal may not" always be reliably locked to the 
horizontal synchronizing component of an incoming video signa!. 
Such a system comprises a circuit for receiving a horizontai 
synchronizing component of an incoming video signal and genera~1rg 
an intermediate ·synchronizing signal synchronized with the · 
horizontal synchronizing component. A horizontal deflection c:rc;...;: 
is synchronized with the intermediate synchronizing signal anc f 
generates a scan synchronizing si.gnal. A phase locked loop is 
synchronized with the horizontal deflection circuit. The phase 
locked loop has a frequency. controllable oscillator for generating a 
clock signal, a phase detector and a filter for developing a controi 
signal for the oscillator responsive to_ the phas~ detector. The or.ase 
detector has one input coupled for receiving the clock signal a:c 
another input coupled for receiving a clock synchronizing s1gna: 
generated by the horizontal deflection circuit. A decoding c1rcu:t is 

responsive to the clock signal for g~nerating first and second timir.g 
signals respectively synchronized with the horizontal synchroniz1r.g 
component and the intermediate synchronizing signal. A video 
processing circuit ~or the video signal is responsive to the first ar.c 
second timing signals. The clock synchronizing signal may be 
related to the scan syi:ichronizing signal or the horizontal deflect1c"' 
current. In particular, the clock synchronizing signal may be formec 
by the horizontal retrace pulses. . . . 

It is another aspect of the invention to provide a display-
locked oscillator for a progressive scanning system. the display­
locked oscillator being synchronized with an output signal of tne 
horizontal deflection circuit, or a signal derived therefrom. for 
generating timing signals at a fr~Quency corresponding to the 
freQuency of a horizontal synchronizing component of an 1ncorn:.::; 
video signal and at a multiple thereof, for example lfH and 2f1-. 
whic~ timing signals will exhibit negligible 1 fH ripple. if any. /. 

master dis.play-locked oscillator can be implemented in acccrca:..:-:-
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with this aspect of the inventic;rn only by providing. or recogniz.:--; a 

suitable source of a substantially 1 fH ripple free 2fH rate s1gna1. fer 

the illustrated example, to which the clock oscillator can be 

synchronized. S~ch a source of a 1 fH ripple tree 2fH ·timing s1gr:a! .s 

described in commonly owned and copending U.S. application 

(499.249, .filed 26 March 1990). As noted in the copending 

application, a problem that may be encountered in generating a 27:... 

timing signal from a 1 fH timing signal derived from the horizon ta: 

syncnronizing component of a 1 fH video signal. is assuring 

sufficiently precise symmetry, or constancy. of the multiple 

frequency timing signal within the period of the ·basic frequency 

timing signal. The period of the multiple frequency signal m_ay vary 

due to jitter caused by the basic frequency signal. H the sym~e:'y 

of a 2fH timing signal, for example. is not very precise within any 

1 f H period. the 2fH trace will be initiated at a different instant 

every other line in the raster. This can cause a split raster effec!. 

wherein the r_aster has a first set of alternate scan lines formir.G a 

first picture portion which diverges to the right and a second set of 

alternate scan lines forming a second picture portion which diverges 

to the left. Adjacent retrace pulses are of different amplitude 

because different peak to peak yoke currents flow during adjacent 

trace periods. Different peak to peak yoke currents flow during 

adjacent trace periods because adjacent trace periods are of 

different length. The amount. of the scanning difference betweer. 

adjacent lines will depend on the magnitude of the period difference 

and the overall energy recovery efficiency of the deflection circuit. 

Time differences between adjacent trace periods on the order of 

only 100 nanoseconds may cause unacceptable amounts of raster 

splitting. 

An asymmetry in the first synchronizing signal. for examoie a: 

1 fH. can be introduced in the first phase-locked loop usea in the 

synchronizing circuits of horizontal deflection systems having. twc 

phase-locked locos and forming part of a video. speedup system. T'!e 

asymmetry might be inherent in some integrated circuits as we!~ 

The absence of a 1 fH retrace signal from which to derive a feedbac-: 

signal for the -first phase-locked loop at the 1fH frequency. reau 1r€:s 
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that the basic frequency timing signal be used as a feedback signa! 
to the phase comparator in the phase locked loop. This can introc~ce 

ripple at the basic frequency, resulting in the asymmetry. 
A solution described in the copending application may be 

embodied in a horizontal deflection system having accurate 
synchronizing circuits for use in displaying video signals at a 
multiple scanning rate, where an asymmetry stems from a periodic 
perturbation of a synchronizing or timing signal. There, a first 
phase locked loop generates a first timing signal at a first 
horizontal synchronizing frequency corresponding to a. horizontai 
synchronizing component in a video signal. A converter circuit 4 
derives from the first timing signal a second timing ~ignai. havi~g a 
second frequency at a multiple of the first frequency and subjec! to 
a variation in frequency at a rate corresponding to the first 
frequency. A second phase locked loop receives the seconc t1m1ng 
signal and a feedbacK signal at the second frequency, and includes a 
voltage controlled oscillator for generating a smooth honzonta: 
synchronizing signal at the second frequency. The second phase 
locked loop has a characteristic loop response preventing the· 
voltage controlled oscillator from changing frequency as fast as tne 
rate of variation of the second timing signal. A horizontal output 
deflection stage may ·be coupled to the second phase locked loop tor 

synchronized horizontal scanning in accordance with the seconc 
frequency, for example 2fH. The two phase locked loops are 

configured in tandem, in conjunction with the signal rate converter. 
or· multiplier. No additional signal .Processing circuitry is needed to 
correct the symmetry of the timing· signal· generated by the first 
phase locked loop or the symmetry of the multiple rate timing signai 
derived by the converter. 

In accordance with this aspect of this invention, a system to• 

generating timing signals for a progressive· scanning te,evis1on 
receiver comprises a circuit for receiving a video signal with a 
horizontal synchronizing component at a horizont~I scanning 
frequency and generating an intermediate synchronizing signal at a 
multiple frequency of the horizontal synchronizing component. A 
horizontal deflection circuit generates a scan synchronizing Sigr:a. 
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at the . multiple frequency, synchronized with the intermediate 

synchronizing signal. An oscillator generates a clock signai.. 

synchronously with the scan synchronizing signal. A multiple stage· 

counter divides the clock signal, producing a ·plurality of decodable 

outputs. A decoding circuit generates timing signals both at the 

frequency of the horizontal synchronizing component and at the 

multiple frequency from the outputs of the counting means. 

Progressive scanning systems can be subject to another 

problem, stemming· from the absence of retrace pulses at the bas_ic. 

or 1fH. frequency. Multiple frequency scanning produces more 

flyback pulses than video line intervals !n the video signai. The 

write circuit. for example. which should store each comolete li~·e :: 

video as it is received, will store the end cf one line and the 

beginning of the next line of video information, if the write circu1~ 

is synchronized with. the wrong flyback pulses, rather than the 

flyback pulses which occur at the beginning of each video line 

interval.. In a 1 fH to 2fH· conversion, for example. the 2fH horizor.ta: 

deflection circuit· generates twice as many flyback pulses as woulc 

a. HH hori_zontal deflection circuit. An· ambiguity exists in the 

timin·g of ·the 1 fH timing sign~I· derived from the master. video c!oci< 

oscillator, because it is not known which of the flyback pulses. 

occurring at the 2fH rate, occur near the beginning of the 1 fH vioec 

line intervals and which occur near the middle of the video line 

intervals. 
It is another aspect of this invention to resolve the ambiguity. 

enabling reliance on the timing signals derived from a display­

locked clock oscillator. In accordance with this aspect of the 

invention, a circuit coupled to the counter and the decoding circ~;: 

· associates certain pulses of the clock signal with commencement c• 

video line intervals in the video signal. This pulse associating 

circuit may. also be thought of as forming part of the decoding ... ~ 
;.: ~ circuit. In a first embodiment, a drive signal at the frequency of 

horizontal synchronizing component and locked thereto is sampled oy 

the clock signal at the multiple rate, for example with a D-type 

flip/flop. The output of the flip/flop will alternate between n1g:: 

(HI) and low (LO) digital levels on successive half periods of the 
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basic frequency driv.e signal. This output can be used· as a mos~ 

significant bit for decoding those timing signals at the frequency cf 

the horizontal synchronizing component. In an alternative 

embodiment, a divide-by-two counter, for exam·p1e a synchronous 

counter, responsive to the clock signal and the outputs of the 

multiple stage counter, is used to Rroduce an o·utput" u_sed as the 

most significant bit. The leading edge of each pulse· in tne orive 

signal at the frequency of the horizontal synchronizing compa·nent is 

detected and used to reset the counter. In many cases. the counter 

will need to be reset only once during each operation of the circuit. 

if at all. t 
In the Drawing: 
FIGURE 1 is a block diagram_ of a horizontal deflect1or. system 

having a display-locked clock oscillator according to an aspect of 

this invention. used for converting 1 fH interlaced video signals fo• 

progressive scanning at 2fH . 

FIGURE 2 is a circuit diagram showing a portion of tne 01oc~ 

diagram of FIGURE 1 in more detail.. 

FIGURE 3 is a block diagram of a display locked oscillator and a 

first decoding circuit. 

FIGURES 4(a). 4(b), 4(c) and 4(d) form a timing diagram usef~i 

in explaining the operation of the oscillator and first decoding 

circuit shown in FIGURE ~· 

FIGURE 5 is a .block diagram of a display locked oscillator and a 

second decoding circuit. 

FIGURES 6(a), 6(b) and 6(c) ·form a timing diagram useful in 

explaining the operation of the oscillator and second decoding 

circuit shown in FIGURE 5. . . 
A horizontal deflection system for providing 2fH progressive 

scanning of a 1 fH video signal is shown in block diagram form· in 

FIGURE 1, and generally designated by reference numeral 10. A ~ -

chip 12 may be 1.1tilized for implementing a phase locked loco. wr.:c­

generates a first timing signal as an outp~t. at a nominal 1 f:... ra!e 

. Industry type TA8360, for example, is. 1-chip incorporating a syr-~ 

separator 14, a phase comparator i 6 and a voltage controlled 

oscillator 20. A 1 fH video- signal on line 11 is an input to sync 
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separator. 14. The sync separator 14 provides vertical synchroniz:ng 

pulses on line 21 and 1 fH horizontal synchronizing pulses on line 13. 

The 1 fH synchronizing signals on line 13 are an input to. phase 

comparator 16. The output of phase comparator 16 on line 15 is ar; 

error control signal input to low pass filter 18. The· frequency 

characteristic of the low pass filter in the T A8360, for exarr.pie. is 

determined primarily by ex.ternal timing components. Accordingly. 

block 18 is shown by dashed lines. The external· elements may be a 

series R-C network, having a 1 O microfarad capacitor and a 3K 

resistor coupled between the capacitor and ground. Voltage 

controlled oscillator 20 operates at a 32fH rate. responsive to a 

ceramic or L-C resonant circuit 24. A nominal 32fH timing -s1gna: C:"'. 

line 19 is an input to a divide by 32 circuit 22. The ou~put of the 

divide by 32 circuit on line 23 is a 1 fH drive signal. The 1 fH signai 

is an input on line 25· to the other input of phase comparatcr 16. 

which can result in the error control voltage ·for the 32fH VCO be1r.g 

adversely modified by a HH ripple. In the event the width of the ~ '~ 

pulses being fed back _to the phase comparator 16 are too wide. the 

pulse width can be reduced, for example by series coupled caoacitor 

26. The output of the . .resonant circuit 24 at 32fH is also available 

externally of the 1 -chip, on line 27. 
A 1fH to 2fH frequency converter circuit 30 is coupled to the 

1 fH output timing signal of the first phase locked loop by line 23 a~c 

to the resonant" circuit 24 by line 27. Circuit 30 generates a nm1r.g 

signal designated 2fH-REF as an output on line 35. The 32fH outpu: 

of resonant circuit 24 on line 27 is coupled to the CLOCK input of a 

divide by 16 counter 32. Dividing a 32fH signal by 16 results in a 

2fH signal. Other multiples of a basic hori_zontal scanning frequency 

can be produced by utilizing appropriate· combinations of clock 

frequencies and division factors. The 1 fH timing signal o~ line 23 =S 

coupled to the PRESET input of the counter 32. The divide by 16 

counter 32 can be a 4-bit counter. The output signal of counter 32 
on line 33. at 2fH. is an input to pulse width circuit 34. the outo~t c; 
which on line 35 is the 2fH·REF signal. ,, Pulse width circuit 34 

assures that the width of the pulses in the uncorrected 2fH-REF 

. I 
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timing signal on line 35 will be wide enough to assure proper 
operation of a phase comparator in the second phase locked loco 40. 

The 2fH-REF signal is symmetrical only to the extent that tne 
initial duty cycle of the 1 fH signal is fifty percent. The effec~ :.; 
the 1 fH ripple on the error control voltage for the 32fH VCO is a 

deviation from a fifty percent duty cycle. The error. control vct:a~e 

periodically falls during each 1 fH period. Accordingly. the outoJt 
frequency fvco of the 32fH VCO falls periodically, during each 1 f!"l 

period. As the frequency falls. each subsequent output pulse frcrr. 
the 32fH VCO has a lower frequency. As the frequency dec~eases. 
the pulse width 1 /fvco increases. The divider circuit 32 doubles the t 
frequency of the 1 fH signal, which has a period of 32 cutout puises 
of the 32fH VCO. by dividing the period in half. that i~. into two 

sixteen pulse periods. However, due to the periodically increasing 
pulse widths. the aggregate width of· the first sixteen pulses is tess 
than the aggregate width of the next sixteen pulses. When the 
duration of sets of successive 16 pulses is not equal, the 2fH-R E F 
timing signal is not symmetrical within t~e period of the 1 fH Signa:. 

notwithstanding the precision of the digital ·divider. This 
asymmetry can. cause retrace pulses of alternating amplitudes. 
which can result in raster splitting. The 2fH·REF signal generatec 

by the digital circuit must therefore also be treated as an 
uncorrected signal, which requires further processing. Such ar: 
uncorrected signal is also unsuitable as a reference for generating 
tfH and 2fH timing signals for the progressive video scanning 

circuit. 
The 2fH·REF signal is further processed by a second phase 

locked loop 40. The second phase locked loop comprises phase 
comparator 42. low pass filter 44 and a voltage controlled 
oscillator 46. The phase locked loop 40 is embodied as an industry 
type CA1391. The error output signal of phase comparator 42 c~ !:r.e 

43, as modified by low pass filter 44, is a control input for voltage 
controiled oscillator 46, which operates at a -2fH rate ana is denotec 
2fH VCO. The operating frequency of the oscillator anc the trec:..e"'c_. 
response of the low pass filter in a type CA 1391 circuit are 
primarily determined by external timing components. Accord1r; ., 
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low-pass filter (LPF) 44 is shown by dashed lines. The frequency 
characteristic of the low pass filter 44 is determined by an external 
series R-C network formed. for example, by ~ .5 microfarad caoac:tor 
C53 and 2K resistor R68. The output of voltage controlled oscillator 
46 on line 47 provides CORRECTED 2fH scan synchronizing signa: fer 
a horizontal output circuit 50. The output of the horizontal outct.;! 
circuit 50 on l_ine 51 provides a 2fH signal in the form of 2f~ 
RETRACE pulses. The 2fH RETRACE pulses are an input to ramp 
generator 52. The output of ramp generator 52 on line 53 is AC 
coupled by capacitor 56 to the other input of phase comparator ~2. 
A manual control circuit 54 has an output on line 55 for adjustir.g 
the phase delay of the 2fH retrace pulses by adjusting the ramp 
generator 52. 

A circuit schematic for a portion of the- block diagram showr. 
in FIGURE 1 is shown in FIGURE 2. The phase locked loop 40. as a 
type CA 1391 circuit, includes a vo_ltage controlled oscillator 46. 
phase comparator 42, predriver 84, phase detector output driver 86 
and V cc voltage regulator 87. The oscillator 46 is an RC type w~t:-­

terminal 7 used to control frequency. An external capacitor CS 1 is 
connected from terminal 7 ·to ground and charges through extemai 
resistan~e R62 coupled between terminals 6 and 7. When the vci:age 
at terminal 7 exceeds an internal potential bias, capacitor CS~ 1s 
d_iscnarged through an internal resistor. This conduction causes 
generation Of a drive pulse. which terminates when the capacitor !S 

sufficiently discharged. Negative-going synchronizing pulses at 
terminal 3 are phase compared with the sawtooth waveform at 
terminal 4, which is derived from horizontal flyback or retrace 
pu-lses. If there is no phase difference between the synchronizing 
signal and the sawtooth waveform, there is no net output current a! 
terminal 5. When a phase offset occurs, current flows either in or 
out of terminal 5 to ·correct the frequency. The duty cycle. or mark 

_space ratio, of the predriver 84 may be adjusted by setting th~ 
potential at terminal 8. In the circuit of FIGURE 2. this is 
determrned by the voltage divider formed by resistors R63 and A6~ 
Potentiometer R37. coupled to terminal 7 -through resistor R72. ~a~ 

be used to manually adjust the frequency of oscillator 46 
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The ramp generating circuit 70 comprises transistor 04. 

resistor ASS and capacitor CSO. The ramp signal generated across 
capacitor CSO is AC coupled to terminal 4 through capacitor C56. A 
transistor 02 and potentiometer R20 form a manually operabie ae:ay 
circuit 72, which varies the current needed to charge the ramp 
capacitor. Variation of the time needed to charge capacitor CSC 
provides a variable delay of approximately from 0-2 microseconcs :r., 

the relative phase of the 2fH-REF pulses and the CORRECTED 2fH 

pufses. 
The CORRECTED 2fH output of predriver ~4 on line 67 iS ar 

input to a push-pull driver circuit comprising. transistors 05 ·anc 06. 
which provides a 2fH DRIVE output signal to the horizontal outo(.. ~ 
circuit. 

Referring again to FIGURE 1. the 2fH retrace signal on li"ne 5~ 
repre.sents a substantially jitter free signal at t.he progressive 
scanning rate. 2fH, to which a clock oscillator may be convenier::y 
display-locked. The 2fH retrace signal may be digitized. that iS 

pulse shaped, for this use by inverter 5.8. having an output on line 59. 
Such a clock oscillator may be used for generating timing signa!s fer 
use in converting the 1fH interlaced video signal to a progressive1y 
scanned signal at 2fH.· In acc.ordance with an aspect of the invenilcr.. 
the inverted 2fH retrace signal on .line 59 is an input to a third pr.ase 

locked loop 60. Phase locked loop 60 comprises a phase comparatc~ 
66. the output· of which is modified by the characteristic response 
of low pass filter (LPF) 68 and provided as a control voltage to a 
2nfH voltage controlled oscillator (2nfH VCO) 62. Voltage controilec 
oscillator 62 may be responsive to an external resonant circuit 
similarly to voltage .controlled oscilla_tor 20. The output of voltage 
controlled oscillator 62 is a 2nfH CLOCK signai on line 63.. The 2:.;_ 

~LOCK signal is an input to a divide by n, K bit counter 64 and ar. 
input to a VIDEO PROCESSING circuit 82; shown in FIGURES 3 and 5 
VIDEO PROCESSING circuit 82 may be an interlaced format to 
progressive format conversion circuit, which utilizes a plurality c; 
control and clock signals. as is well known: These signals inc!1,;ce 

. for example, writing and clamping signals at the 1 fH rate and 
reading and blanking signals at the 2fH rate. An output of the 
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counter on line 65 is the other input to phase comparator 66. 

Counter 64 also has a set of K outputs designated by reference 

numeral 75. The third phase locked loop 60 forms. the master c~ock 

oscillator referred to generally above, and provides a synchronous 

display-locked sourc.e of timing signals for the conversion of the 

interlaced video signal. 

Multiple frequency scanning produces more flyback pulses t:··,a: 

video line intervals in the vid.eo signal. In a 1 fH to 2fH conversior.. 

tor example. the 2fH horizontal defle.ction circuit generates twice 

as many flyback pulses as would a 1 fH horizontal deflection circ;.;.:. 

An ambiguity exists in the timing of the 1 fH timing ·signal deriv.ec 

from the common clock oscillator. because it is not knowr. whic!': :: 

the flyback pulses. occurring at the 2fH rate. correspond to 

commencement of the 1 fH video line intervals and which corresponc 

to the middle of the video line intervals. The write circuit. tor 

example, which should store· each complete line of video as it is 

received, will store the end of one line and the beginning of the rex: 

· lin~ of video information, if the write. circuit is· synchronized wit~ 

the wrong flyback pulse's, rather than the flyback pulses which ace:..· 
at the beginning of each video line interval. A decoding circuit 

including a first means for resolving the ambiguity of the 2fH 

retrace signal relative to the beginning of the i fH video line 

intervals is shown in FIGURE. 3. A decoding circuit including an 

alternative embodim·ent for resolving the ambiguity of the 2fH 

retrace Signal relative to the beginning of the 1fH video line 

intervals is· shown in FIGURE 5. In each case, the third chase lccke~ 
loop 60 is also shown. Also in each case, the 1 fH DRIVE ·signal ma;. 

be taken f_rom the output of the. first phase locked loop on line· 23 .r­

FIGURE 1. Such a signal should be available in other circuits. 

wherein a different means than that shown in FIGURES 1 and 2 is 

utilized to generate a substantially ripple-free multiple rate scar 

synchronizing signal line-locked to an incoming video signal. 

With reference to FIGURE 3, the counter 64 of phase locked 

loop .60 has a 2fH FEEDBAeK signaL output on line 65. The teedbaci< 

signal is an input to phase comparator 66 and an input to a div1ce­

by-two counter 61. Counter 64 is a K-bit counter. having K stages 
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each having an output available for decoding. The set of K output· 
lines is designated by reference numeral 75. Various timing signals 
on lines 77 and 79 are processed and generated by 2f H decoder 7 4 

and 1fH decoder 76 respectively. The decoders receive outputs tror."'. 

each of the K stages of the K-bit counter. Certain timing signals 

might be specific counts, for example the fifth or tenth clock pulse 

of each cycle. Other timi_ng pulse might use specific co1..:r.is to 
initiate and terminate timing signals. for example beginning at ::r:e 
start of the· seventh clock pulse and terminating at the end of the 
twenty-fifth. clock pulse. The illustrative clock pulses are 

arbitrary. The resolution of the decoders is limited only by the f 
actual number of bits and the frequency of the master clock signa:. 
The timing signals a·re used by the VIDEO PROCESS.ING circuit. 82. for 
example an interl.aced to progressive format scanning· conversion 

circuit. for converting the interlaced video signal. without 

synchronizing components, to a format appropriate for progressive 
scanning and for displaying the converted video at the progressive 

rate. 
The ambiguity which exists in the timing of the if H signal 

derived from the master clock oscillator can be appreciated from 

further reference to FIGURES 4(a} through 4(d). FIGURE 4(a} shows 
1 fH drive pulses, which are synchron_ized to the horizontal 

synchronizing component of the incoming video 1 fH video s1gna1. 
Each pulse period ~/1fH includes pulse parts A and 8. The leading. 

positive going, edge of pulse part A corresponds to the beginning ot 
each video line interval. ·FIGURE 4(b) shows the 2fH FEEDBACK signa· 

generated by counter 6~ on line 65. Two sets of alternate clock 
pulses are designated by reference letters C and D respectively, 
Each clock pulse in each set corresponds to a. 2fH horizontal flyback 
pulse. Each pulse period 1/2fH includes one of the C or D pulses. Tr.e 

ph.ase relationship between the waveforms of FIGURES 4(a) and 4(b, 

is arbitrary, but illustrative. Pulses .C are the clock pulses whic~ 

occur near the beginning o.f each video line interval. Pulses D are t:"'~ 

clock .Pulses which occur near the middle of each video line interva 
The output of the divide by 2 counter 61 is shown in FIGURE 4(ci 

This waveform is used by decoder 76 as a supplemental oecodab 1e 
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bit, for example a most significant bit. The waveform should be a 
logical HI for th~ duration of that one of the the 2fH FEEDBACK 

pulses that corresponds to the beginning of the video line intervais. 

Edge detector 78 provides an output pulse to reset divide-by-two 
counter 61 at each leading or positive going edge of the 1 fH DR1v:: 

signal. The reset pulses are shown in FIGURE ~(d). Prior to rese: 
pulse I, as may happen by_ chance and for purposes of 1llustrat10; ::--e 

output of the divide-by-two counter is a logical LO during the C 

pulses and a logical HI during the D pulses. This is the opposite .o! 

what is required for proper decoding. Reset pulse I resets the o;.;t:)u! 

of the divide-by-two counter to a logical LO at time t1 . The outot.:: 
goes to a logical HI at the leading edge of the next 2fH FEEDBACK 

pulse at time t2, which is a C pulse, as required. Thereafter, 

subsequent reset pulses such as J and K occur at times t3 ·and t4 

respectively. when the output is already a logical LO. These reset 

pulses have no effect. However, subsequent reset puls:es will be 

effective to restore proper resolution of the ambiguity, shoul.d ~~~ 

circuit be interrupted in a fashion which reverses the output. as 

before reset pulse I. This embodiment is advantageous in that. the 
timing signals will continue to. be generated even if the 1 fH DRIVE 

signal is interrupted. The ·embodiment is also advantageous 1n tna: 
the circuit is relatively insensitive to the duty cycle of the 1 fH 

DRIVE signal. 
An alternative embodiment is shown in FIGURE 5. A D type 

flip/flop· 80 is used instead of the synchronous counter 61 and· eage 
detector 78. The ·1 fH DRIVE signal is coupled to the D input of the 

flip/flop. The 1 fH DRIVE signal is sampled by the 2fH FEEDBACK 

signal, coupled to the clock input CLK of the flip/flo·p. The a ouro~: 
of flip/flop 80 is used as a supplemental decodable bit, for examo1e 
a most significant bit, by the 1fH decoder 76. The operation of this 

·sampling circuit is shown in FIGURES 6(a), 6(b} and 6(c). The same 
1 fH DRIVE signal is shown in FIGURE 6(a) and the same 2fH FEEDBACK 

signal is shown in FIGURE 6(b), as shown in FIGURES 4(a) and 4(b·~ 
respectively. The 1fH DRIVE signal is sampted at the leading eage :· 

each 2fH FEEDBACK pulse. shown as times t1. t2, t3. t4, t5 and :E 

The Q output of flip/flop 80 is shown in FIGURE 6(c)". At times :· -
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and t5 the 1 fH DRIVE signal· is a logical HI and the Q output is 

changed. to a logical HI. At time_s t2, t4 and t6 the 1fH DRIVE signal 

is a logical LO and the Q output is changed to a logical LO. As seen in 
FIGURE 6{c), the Q output is a logical HI for each 2fH FEEDBACK pulse 

which o,ccurs at the leading edge of the 1 fH DRIVE signai. which 

corresponds to the beginning of the video line interval, as required 
by the decoder. The duty cycle of the 1 fH DRIVE signal must be close 

enough to 50% that the signal is still a logical HI when the proper 
2fH FEEDBACK pulse triggers the flip/flop. This embodiment· is 

· advantageous in that only a single circuit component .is required. ana 
in that a single flip/flop may be easier to implement in an 
integrated circuit than a synchronous counter and edge detector. 

Aspects of the invention are also ·useful in situations where 
progressive scanning is not necessarily involved. Television 

apparatus are sometimes provided with a video processing circuit 

can require video signals to be digitally processed, for ·example 

being written into a memory and stored temporarily, ·prior to being 

read out of memory onto. the television or monitor screen. In this 
case, the video lin,es must be written into m~mory in synchronism 

with the incoming video signal, but the video lines must be reac out 
of memory in synchronism with_ the horizontal deflection circuit. 
This has been done indirectly in the past, by trying to assure 
synchronization between the retrace pulses and the incoming v1oeo 

signal. Other video processing circuits provide on-screen displays. 
wherein characters stored in memory _are displayed simultaneously 
with the display resulting from the incoming video signal.· or 

sometimes during a blank screen wh~n no video signal is present. 
When a conventional line-locked clock is synchronized to the 

incoming video signal. various jitter conditions in the deflection 
circuit, caused for exampl~ by variations in beam current loading, 
can disturb the registration, or time coincidence, of the beginning c!. 

each horizontal· trace and the beginning of the video line being 

scanned .. Stating the problem in other terms. it sometimes happens 

that the horizontal deflection system, particularly the honz9nta1 

retrace pulses, cannot be reliably locked to the horizontal 

synchronizing pulses of a video signal. This can be so even if !he 

f. 
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oscillator which generates· the . deflection current, as part of a phase 

locked loop, is itself locked to the proper frequency. Generally 

speaking, the phase locked loop may be incapable of responding to 

certain errors, for example in small numbers of lines due to jitter of 

the retrace pulses. Rather, the phase locked loop is more likely to 

respond to an average deviation over a larger number of video lines. · 

as is the nature of many phase locked loops in a horizontal 

deflection circuit. 

In accordance with an aspect of this invention, a display­

locked master video clock can form part of a phase locked loop 

synchronized with a clock synchronizing signal derived from the 

horizontal deflection current. One example of a signal derived frorn 

the horizontal deflection current is the scan _synchronizing signa! 

Another example is a signal formed by horizontal retrace pulses. A 

signal formed by horizontal retrace pulses may be pulse shaped. !or 

example. as by inverter. 58 in FIGURE 1. 
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·1. A system for generating timing signals for a progressive 

seannin·g television receiver,. characterized by: · 
a circuit (14,16,18,20,22,30) for receiving a video signal 

(on 11) with a horizontal synchronizing component at a horizontal 
scanning frequency and generating an intermediate synchronizing 
signal (on 35) at a multiple frequency of said horizontal 
synchronizing component; 

a horizontal deflection circuit (40) ~or generating a scan 
synchronizing signal (on. 47) at said multiple frequency, 
synchronized with said ·intermediate synchronizing signal; 

.oscillating means (62) for generating a clock signal. (on 63} 
synchronously with said scan synchronizing signal (on 51 ); 

counting means (64) for dividing said clock signal; 
means (74,76) for decoding timing signals at said frequency of 

said horizontal synchronizing component and at said multiple 
. frequency from outputs of said counting means (64); and, . 

means (61,78) coupled to said counting means (64) and said 
decoding m·eans (7 4, 76) for associating ·certain pulses of said clock 
signal with commencement of video line intervals ·in said video 
signal. 

2. The system of claim 1, characterized in that said · means for 
associating certain pulses generates an output signal (on 73) to said 
decoding me.ans (74,76), used as a decodable bit for decoding said 
timing signals at said frequency of said horizontal. synchronizing 
component. 

3. The· system of claim 2. characterized in that said means for 
associatir:ig certain pulses ~omprises a circuit (80) for sampling a 
drive signal (on 23) at said frequency of said horizontal 
synchronizing component by said clock signal (on 63) at said 
multiple frequency to generate said output signal. 

i 
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4. The system of claim 1, characterized in that said means for 
associating certain ·pulses comprises a circuit {80) for sampling a 
drive signal (on 23) -at said frequency of said ~orizontal 
synchronizing component by sai~ clock signal (on 63) at said 
multiple frequency, said sampling circuit generating an output 
signal {on 81) to said. decoding means (74,76), used as a decodaole 
bit for decoding said timing signals at said frequency of said 
horizontal synchronizing component. 

5. The system of claim 2. characterized in that said means for 
associating certain pulses comprises: 

a divide by two counter (61) responsive to said clock ·signal 
(on 65) to generate said output signal; and, . 

a detector {78) for leading edges of a drive signal at said 
frequency of said horizontal synchronizing component, for resetting 
said divide by two c9unter (61 ). 

6. The system of claim 1, characterized in that' said means fo·r 
associating certain pulses comprises: 

a divide by two counter (61) responsive to said clock signal to 
generate an output signal (on 73) to said decodirig means (76), used 
as a decodable bit for decoding said timing signals at said frequency 
of said horizontal synchronizing component; and, 

a detector {78) for leading edges of a drive signal (on 23) at 
said frequency of said horizontal synchronizing component, for 
resetting said divide by two counter (61 ). 

7. The system of claim 1, characteri-zed in that said circuit 
for receiving a video signa_I comprises; 

a first phase locked loop (12) operating at, and generating .a 
first drive signal (on 23) at said frequency of said horizontal 
synchronizing component; and . 1 · ,._ _ • • · -res,..,s1ve. TO ~ ~e.,e .. .,.-r • ..,1 

· means (30) #er eeAvertin~" said first drive signar ..ta- a second 
drive signal {on 35) at said multiple frequency. " · 

This Sheet Has Been ieptaCe~ 
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8. The system of claim 7, characterized in that said· horizontal 
deflection circuit comprises a second phase ·locked loop (40), 
operating at said multiple frequency. 

9. The system of claim 1, charac~erized in that said horizontal 
deflection circuit comprises a phase locked loop (40) operating at 
said multiple frequency. 

1 O. The system of claim 1, characterized in that said 
oscillating means (62) and said counting means (64) form part of a 
phase locked loop (60) operating at said multiple frequency. 

11. A system for generating timing signals for a pre§res&ive 
seaAnin§- television receiver, comprising: 

a first phase locked loop (12) for receiving a video signal 
·(on 11) with a horizontal synchronizing component at a horizontal 
scanning frequency, operating at and generating a first drive signal 
(on 23) at said frequency of said horizontal synchronizing 

component; characterized by ..,..esf.,.;..,,..-lo · . · J?--.jew!..,._.J..;~ 
means (30) .fer eel"lterting,. said first drive signal (on 23) )e" a 

second drive signal (on 35) at a multiple frequency of said _. 
horizontal synchronizing component; 

a second phase locked loop (40) ·operating at said multiple 
frequency and generating a scan synchronizing signal (on 47) 
synchronously with said second drive signal (on 35); 

a. third phase locked loop (60) having oscillating means (62) 
fo~ generating a clock signal (on 63) synchronously with said scan 
synchronizing signal, and counting means (64) for dividing said clock 
signal; and, 

means (74,76) for decoding timing signals, at said frequency 
of said horizontal synchronizing component and at said multiple 
frequency, from outputs of said c_ouoting means (64). 

12. The system of claim 11 , characterized by a video speed up 
circuit responsive to said timing signals 
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13. The. system of claim 11 , characterized in that said 
decoding means {74,76) comprises means coupled to said counting 
means (61) for associating certain pulses of said clock signal with 
commencement of video line intervals .in said video signal. 

. 14. The system ·of Claim 13, characterized in that said means 
for associating certain pulses comprises a circuit (80) for sampling 
said first drive signal (23) by said clock signal, said sampling 
circuit generating an output signal (on 81) used by said decoding 
means (74,76) as a dec~dable bit for decoding said timing signals at 
said frequency of said horizontal synchron'izing component. 

15. The system of claim 14, characterized in that said 
sampling circuit comprises a D type flip/flop (80), having a D input 
coupled to -said first drive signal (on 23) and a clock input coupled to 
said clock signal (on 65). 

16. The system of claim 13, characterized in that said means 
for associating certain pulses comprises: 

a divide-by-two counter (61) responsive to ·said clock . signal 
(on 23) to generate said output signal (on 73) used by said decoding 
means (74,76) as a decodable bit for decoding said timing signals at . 
said frequency of said horizontal synchronizing component; and, 

a detector (78) for leading edges of a drive signal (on 23) at 
said frequency of said horizontal synchronizing component, for 
resetting said divide-by-two counter (61 ). 

17. A -system for generating a master clock- signal in a 
~re~ressive seetRF1iF1g television receiver, characterized by: 

a video processing circuit (8.2) for information in a ·video 
signal responsive to a first timing SiQnal (on 79) having a frequency 
corresponding to a horizontal synchronizing component of said video 
signal, and a second timing signal (on 77) having a frequency 
corresponding to a multiple_ of said horizontal synchronizing 
component; 



This Sheet Has Been Replaced 

1111111111111111111111111. 
-22- . RCA 85,628 

a horizontal deflection circuit (40,50) operating synchronously 
with said horizontal synchronizing component and generating a scan 
synchronizing signal 1on 47) at said second frequency; 

a phase locked loop (60) operating synchronously with said 
horizontal synchronizing component and said JJre9re5sive scan 
synchronizing signal (on 47), having f.requency controllable means 
(62) for generating a ma.star clock signal (on 65), a phase detector · 

(66) ~ ~ ·f!lte!_ 1?~1 .. ~~r developing a contr.ol signal (on 69) for 
oseillatiA~A iliialiS162) responsive to said. phase detecto.r (66) I said 
phase detector having one input (65) coupled for receiving said clock 
signal and another i~put (59) coupled for receiving a master clock 
synchronizing signal generated by said horizontal deflection circuit; 
and, 

me.ans (74,76) responsive to said clock signal for generating 
said first (on 79) and second (on 77) timing signals. 

18. The system .of claim 17, characterized by: 
counting ·means (64) f~r dividing said clock signal {on 65); ·and, 
means (74,76) for decoding said first (on 79) and second 

(on 17) timing signals from outputs· of said counting means (64) .. 

19. The system of claim 18, characterized by means (80) 
coupled to said counting .means (64) and said decoding mecans {74,76) 

for associating certain pulses of said clock signal (on 65) with 
commencement .of video line intervals in said video signal. 

20. The syste·m of cla.im 18, characterized in that said master 
clock synchronizing signal (on 65) is derived from retrace pulses 
(on 51) at said multiple frequency. 

21. The system of claim 17, characterized in that said master 
clock synchronizing signal (on 65) is derived from said scan 
synchronizing signal (on 47) at said multiple frequency. · · 

~v~e..:l c.,,fvr>JJ4Lk. 
22. The system of claim 17, characterized in that saidA· 

·oseillatin§" means comprises: 
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counting means (61) for dividing said clock signal (on 63): 
means (74,76) for decoding trming signals at said frequency of . . . 

said horizontal synct:lronizing c~mponent and at said multiple 
frequency from outputs of said counting means; and, 

means (80) coupled to said counting means ·(61) and said 
decoding means (7 4, 76) for associating certain pulses of said clock 
signal with commencement of video line intervals in said video 
signal. 

23. A system for generating a display-locked master clock 
signal in a television apparatus, comprising: 

means ( 12) · for receiving a horizontal synchronizing component 
(on 13) of an incoming video signal and generating an intermediate 
synchronizing signal (on 23) synchronized with said horizontal 
synchronizing component; 

a horizontal deflection circuit (40,50) synchronized with said 
intermediate· synchronizing signal (on 23) and generating a 
horizontal deflection current resulting in trace and retrace pulses 
(on 51 ), some of said pulses being subject to. phase variation. 
relative to said horizontal synchr~nizing component of said incoming 
video signal; 

a phase locked loop (60) synchronized with said horizontal 
deflection circuit, having frequency controllable .means (62) for 
generating a display locked master clock signal (on 65),. -a phase 
detector · (66~ind ca fill!!'n(?~ for developing a control signal for 
said eaeillating!m'eiu~s responsive to said phase detector, said phase. 
detector (66) . having one input (65) coupled for receiving said master 
cl~ck signal and ·another input (59) coupled for receiving a clock 
synchronizing signal derived from said horizontal deflection current; 

decoding means (74,76) responsive to said display-locked 
clock signal (on 75) for generating a display-locked timing signal; 
and,· 

a video processing circuit (82) for said video signal responsive 
·to said timing signal. 
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24. The system of c.ie~m 23, .characterized_..--iA tl=lt* said 

horizontal deflection current, produc~, a scan synchronizing signal 
(on 51) having a frequency which is a multiple of the frequency of 

. . 
the horizontal synchronizing component. 

. · ~ 4"b>tS v-esf-s1
1

"t!!.. -Jo 
25. The system of c~im 23, pharacterized, in that said 

horizontal deflection currentAproducli a scan synchronizing signal 
(on ~1), said clock synchronizing signal (on 65) being derived from 
said scan synchronizing signal . 

26. The system of claim 23, characterized in that said clock 
synchronizing signal (on 65) is formed by said horizontal retrace 
pulses (on 51). 
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