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synchronization signal, referred to as line-locked clock. It may be
advantageous to form a phase-locked loop (PLL) system for line-
locked clock generation for use as a building block in large scale
CMOS video signal processing integrated circuits. In such PLL, it
may be desirable to have, for example, a clock frequency that

- ranges from 25 MHz to 40 MHz with a jitter that is less than 2aS.
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For such PLL it may be desirable to utilize only one pin for off-
chip components. It may also be desirable to use the PLL System
with each of the NTSC, PAL and SECAM systems. |
It may also be desirable to operate the PLL with an
input sync signal encountered in low-cost consumer video tape
recorders without time-base correction, where the horizontal sync
can periodically make large phase changes such that the clock
signal tracks such sync signal. It may be further desirable to
rapidly reduce phase and frequency errors and minimize
overshoot and jitter as the PLL settles into phase lock. In
addition, it may be desirable to have the PLL discriminate
between true output clock phase/frequency errors and those
arising from contamination of the input horizontal sync signal

with noise bursts or occasional missing pulses.

- A PLL system, embodying an inventive feature,
uuhzes both digital and analog control of an R-C Voltage-

- Controlled Oscillator to acquire and maintain phase lock of an

35

output clock with respect to an input horizontal sync signal.
Depending on the magnitude and consistency of the output clock
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' counted. When the number of consecutive periods in which the
15 frequency error exceeds the threshold level becomes greater than,
e.g., 32, the PLL begins operating in a coarse frequency correction
mode. As long as the number of consecutive counted periods do
not exceed 32, the PLL operates in an idle mode of operation. In
the coarse frequency correction mode, switched capacitors that
20 control the oscillator frequency are sequentially coupled or
decoupled in steps in a manner to reduce the frequency error. In
the idle mode of operation, the frequency of the oscillator does not
change. '

Advantageously, by counting 32 periods, the
25 frequency of the oscillator does not change during a vertical
" blanking interval, when the equalizing pulses produce a frequency
error that is greater than the threshold value. The frequency of
the oscillator does not change, during vertical blanking, because
the number of equalizing pulses is too small to produce 32
30 consecutively counted periods in which the frequency error
exceeds the threshold level. It follows that the equalizing pulses
do not cause a disturbance in the oscillator frequency.
An apparatus, embodying an inventive feature, for
generating an oscillatory signal that is locked to a synchronizing
35 signal includes a source of the synchronizing si,grial at a frequency
that is related to a horizontal scanning frequency. The frequency
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of periods of the reference slgnal in which sald frequency error
exceeds a first value is counted. The correction of the frequency
15 error is enabled when the number of the counted periods exceeds
a second value, and disabled, as long as the second value is not
exceeded. The frequency error, during the vertical blanking
interval, exceeds the first value and the number of the counted
periods does not exceed the second value.
20 FIGURE 1 illustrates a block diagram of a phase-lock-
'loop (PLL), embodying an aspect of the invention;
FIGURES 2A, 2B and 2C illustrate a detailed schematic
diagram of a programmable switched R-C voltage controlled
oscillator of the PLL of FIGURE 1; ' -
- 25 FIGURE 3 illustrates a switched capacitor arrangement
of the oscillator of FIGURES 2A-2C;
' FIGURE 4 illustrates waveforms useful for explaining
the arrangement of FIGURES 2A-2C;
: FIGURE 5 illustrates a flow chart useful for explaining
30 the operation of the PLL of FIGURE 1;
FIGURES 6, 7A and 7B 1llustrate more detailed
diagrams of portions of the PLL of FIGURE 1;
FIGURE 8 is a table useful for explammg the operation
- of a decoder of FIGURE 1;
35 FIGURES 9a-9c are waveforms useful for explaining
the operation of the PLL of FIGURE 1; :
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a PLL, énbodying, a d|f erent 1nventive at ur
explaining the operation of the charge pump stage of the PLL of
FIGURE 1. '

FIGURE 1 illustrates a block diagram of a phase-lock
loop circuit (PLL) 100, embodying an aspect of the invention. A
15 base band video signal VIDEO-IN obtained from, for example, a
video detector, not shown, of a television receiver is coupled to a
conventional  sync separator S0 that generates pulses of a
horizontal sync signal HSRef having a period H at a horizontal
deflection frequency fy that is in, for example, the NTSC standard
20 15,734 Hz.
An oscillatory signal ClkDiv is produced at an output of
a programmable divide-by-N counter 52 by frequency dividing an
output signal Clk of PLL 100 produced in a programmable,
resistor-capacitor (R-C) type voltage-controlled-oscillator (RCVCO)
25 53. Output signal Clk may be used in various stages, not shown, of
the television receiver for video signal processing. In steady state
‘operation, the frequency of signal Clk is equal to N x fyg. The value
N denotes a ratio between the frequency of signal Clk and that of
signal ClkDiv. The value N that is selectable in the range of 750-
30 2600 is provided by a constant digital word signal Nset that is
coupled to counter 52 for presetting counter 52 once in each
period of signal ClkDiv.
FIGURES 2A, 2B and 2C illustrate a schematic dlagram
. of RCVCO 53 of FIGURE 1. Similar symbols and numerals in
35 FIGURES 1 and 2A-2C indicate similar items or functions. RCVCO
53 of FIGURE 2B includes a differential amplifier 531 formed by a
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phase Shlft produced by network 533a or 533b is controllable in a

15 coarse frequency correction mode of .operation, as explained later
on. The phase shift determines, in part, the frequency of
oscillation of-signal Clk.

Delay network 533a includes a resistor R1A and a
~ non-switched capacitor C1A. A switched capacitor bank SWA(O) is

20 also coupled to capacitor C1A. A delayed signal TA(O) is
developed at a junction terminal TA(0)a, between capacitor Cl1A
and resistor R1A. Signal TA(0) is coupled via a resistor R2A to a
capacitor C2A. A switched capacitor bank SWA(1) is also coupled.
to capacitor C2A. A delayed signal TA(1) is developed in capacitor

25 C2A. Signal TA(1) is delayed with respect to signal TA(0).
Similarly, network 533b includes a resistor R1B, a capacitor C1B
and a bank SWB(0) that produces a signal TB(0). Network 533b
includes a resistor R2B, a capacltor C2B and a bank SWB(1) that
produces a signal TB(1).

30 A pair of signals Y1 and Y2 of FIGURE 2C developed in
load resistors R7 and RS, respectively, of amplifier 532 are
coupled via R-C delay networks 534b and 534a, respectively, that
produce nominally the same phase shift. Networks 534a and
534b operate in a similar manner to networks 533a and 533b.

35 Network 5342 includes a resistor R3A, a capacitor C3A and a bank
SWA(2) that produces a delayed signal' TA(2). Signal TA(2) is
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of a pair of transistors MP3 and MP2, respectively, of an analog
15 multiplier 535 of FIGURE 2A. Similarly, signals TB(4) and TA(4),
- that are delayed with respect to signals TB(3) and TA(3),
respectively, are coupled to gate electrodes of a pair of transistors
MP7 and MP6, respectively, of multiplier 535 of FIGURE 2A.
In multiplier 535, transistors MP2 and MP3 form a
20 differential amplifier 535a having a controllable gain. Similarly,
- transistor MP6 and MP7 form a differential amplifier 535b having
a controllable gain. The gains of amplifiers 535a and 535b vary in
opposite .directions in accordance with variations in drain currents
produced by a pair of transistors MP1 and MP5 that form a
25 differential amplifier 535c. The drain currents in transistors MP1
and MP2 vary in opposite directions in accordance with a voltage
difference between gate electrodes of transistors MP1 and MP5.
| A constant DC reference voltage VREF is developed at
the gate of transistor MP1. A control, output signal VCOCV
30 produced in a charge pump control stage 54 of FIGURE 1is
* developed at the gate of transistor MP5 of FIGURE 2A to control
the frequency/phase of signal Clk, in a fine error correction mode
of operation, as explained later on. :
The drain electrode of transistor MP2 is coupled to the
35 drain electrode of transistor MP6 to develop a sum signal XI.
Signal X1 is developed in a pair of parallel coupled load resistors
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The finns®d s@®lal is coupled to a 5 control input of the oscillator for

correcting the oscill T ysiér'u(lqlnaglair'l, for example, via transistor MP2 varies

in the opposite way to that via transistor MP6. The phase shift of
signal X1 is determined by the vectorial sum of a pair of signals
having a phase difference therebetween produced from the drain
15 currents in transistors MP2 and MP6, respectively. Thus, the |
- phase shift of signal X1 varies in a fine or gradual manner when
analog signal VCOCV that is coupled to amplifier 535c varies in a
gradual manner. Similarly, the phase shift of signal X2 also varies
in a fine or gradual manner in accordance with signal VCOCV. _
20 Signal X1 is nominally at an opposite phase with respect to signal
X2. Varying the phase shift of signal X1 or X2 causes the
oscillation frequency of RCVCO 53 and of signal Clk to vary, as
explained later on. S '
_ It may be desirable to achieve a wide frequency range
25 of, for example, 25-40 MHz of signal Clk and also to compensate
for tolerances, temperature variations and for aging in the R-C
delay networks. The R-C delay networks are formed in RCVCO 53
using integrating circuit fabrication technique.
| . Advantageously, the frequency of RCVCO 53 can be
30 stepped up or down in a coarse frequency correction mode of
operation. For example, the coarse frequency correction mode
may occur immediately after power is applied. To provide the
coarse frequency correction mode, the aforementioned four
switch-capacitor banks, SWA(i), are provided. The parameter "i"
35 that designates the switch-capacitor bank assumes the four
values, 0 to 3. Switch-capacitor banks SWA(i) are coupled to four
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formed by a transistor switch SA(4j+i), shown in FIGURE 3, that is
15 coupled in series with a corresponding capacitor CA(4j+i). Similar
symbols and numerals in FIGURES 1, 2A-2C and 3 indicate similar
- items or functions. For a given bank SWA(i) of FIGURES 2B and -
"~ 2C, the parameter j assumes, selectively, one of the eight values 0
. to 7. ' :
20 A given transistor switch SA(4j+i) of FIGURE 3 is
coupled in series with a corresponding capacitor CA(4j+i) such that
the value of "i" is common to both switch SA(4j+i) and to capacitor
C(4j+i) and the value of "j" is also common for both. Similarly,
each bank SWB(i) of FIGURES 2B and 2C includes eight parallel
25 coupled transistor switch-capacitor arrangements, such as, for
example, bank SWA. Each of such eight arrangements is formed
by a transistor switch SB(4j+i) of FIGURE 3 that is coupled in series
with a capacitor CB(4j+i). _ |
In each pair of banks, SWA(i) and SWB(i), of FIGURES
30 2B and 2C designated by a common value "i", such as, for example,
banks SWA(0) and SWB(0), eight control signals CF(4j+i) control
the corresponding eight pairs of transistor switches SA(4j+i) and
SB(4j+i) designated also by the common value of "i" and the
common value of "j*. Signals CF(4j+i) are developed in a manner
35 that is described later on. Thus, the total of 32 pairs of switches
SA(4j+i) and SB(4j+i) are controlled by the 32 control signals

This Shéet Has Been Replaced




tiat controis sucn pair or switcnes 1s the same. 1ihe vailue or 'j 1s
of the oscialset commiorr forRie givéirr, dftGﬂREwitdhbbUSA(&jﬁ) aml SB@j%i)usef ul
o ol al A SRR LI, RO, sl o o1 LT 5
FI GURE 1; FIGURES 6, Whema ghven lcontrolt signal CBE@j4i) assuthes)ra ERUE
e o0l B il Syt U A g i
useful for Q&fbk and o coaresponding eapacitos: CB(4i® of the
corresponding bank SWB(i) are switched in or coupled via a pair
of the switches SA(4j+i) and SB(4j+i)to the terminals where signals
TA(i) and TB(i), respectively, are developed. Thereby, an increase
15 phase delay and a corresponding decrease in the oscillation
frequency of signal Clk of FIGURE 2C occur. On the other hand,
when a given control signal CF(4j+i) of FIGURE 3 assumes a FALSE
state, the corresponding pair of capacitors are switched out or
decoupled, causing an increase in the oscillation frequency of
20 signal Clk of FIGURE 2C. S
: A current mirror reference circuit 537 of FIGURE 2A
includes a PMOS transistor MP20 that provides a small start-up
current such as 1 pA. The start-up current causes a voltage level
at a terminal NB to initially rise to a threshold voltage of a
25 transistor MN10, typically 0.8V. Voltages at a terminal NR and at
terminal NB are compared in a balanced PMOS current mirror
amplifier formed by transistors MP23, MP24, MN13 and MN14,
Negative feedback from a terminal NF is applied to the
gate of a transistor MN12 forcing the voltages at terminals NR and
30 NB to be equal. The current flowing in a resistor R1 is, therefore,
proportional to the voltage at terminal NB. Once current starts
flowing in resistor R1, in transistor MN12 and in transistor MP22,
-additional current is sourced into terminal NB which causes the
voltage at terminal NB to rise to a level of about 1.5V. Thus, a
35 reference current flowing in transistor MP22 is nominally 0.25
- mA. o
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requency of the oscillator with respect to supply voltage change.
Simulation shows that senmsitivity to supply voltage change is
0.9%/V and to temperature change is -0.012%/°C. |
RCVCO 53 of FIGURES 2A-2C is constructed in a
differential symmetrical manner. Signals X2, Y1, TA(0), TA(1),
TB(2), TB(3) and TB(4), defining a first positive feedback path, are
differentially symmetrical with respect to signals X1, Y2, TB(0),

‘TB(1), TA(2), TA(3) and TA(4), respectively, defining a second

positive feedback signal path. Therefore, phase difference
between a pair of differentially symmetrical signals such as, for
example, signals Y1 and Y2 does not vary when the gaih of, for
example, amplifiers 5352 and 535b of FIGURE 2A varies or when
a temperature variation occurs. RCVCO 53 oscillates at a
frequency which is determined by the total phase shift in its pair
positive feedback paths.

FIGURE 4 illustrates an example of simulated
waveforms of signals Y1 and Y2 of FIGURE 1 when all the
switched capacitors in RCVCO 53 are decoupled by signals CF(4j+i),
resulting in maximum frequency or minimum period of signal Clk
such as 19.62nS. Similar symbols and numerals in FIGURES 1, 2A-
2C, 3 and 4 indicate similar items or functions.

As shown in FIGURE 4, signals Y1 and Y2 are nearly
identical in magnitude and they are phased by 180 degrees with
respect to each other. Signals Y1 and Y2 are differentially
symmetrical signals because of the differential symmetrical
configuration. Thus, crossover points in signals Y1 and Y2, such as
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that receives signals Y1 and Y2 and is formed by transistors
MP15, MP16, MN20 and MN21 and gates Ul and U2 generates
15 signal Clk at approximately 50% duty cycle. Furthermore, the
differential symmetry configuration provides improved common
mode noise rejection.
: The measured noise bandwidth of RCVCO 53 is -30dB
at 350 Hz. The short term stability of RCVCO 53 within 1 second is
20 about £150 Hz or 20 ppm, corresponding to a 1.3 ns jitter in one.
horizontal line period H of 63.5 usec.
‘To control the frequency of RCVCO 53, sync signal
HSRef of FIGURE 1 is coupled to a frequency detector and control
stage 55. FIGURE 5 illustrates a flow chart useful for explaining
25 the operation of PLL 100 of FIGURE 1. FIGURES 6, 7A and 7B
illustrate corresponding portions of stage S5 of FIGURE 1 in more
detailed block diagram. Similar symbols and numerals in FIGURES
1, 2A-2C, 3-6, 7A and 7B indicate similar items or functions.
_ In the portion of stage 55 that is shown in FIGURE 6,
30 signal HSRef is coupled to an input terminal Clear/Enable of a 13-
~ bit-counter 56; Signal Clk of RCVCO 53 of FIGURE 1 is coupled to
an input terminal CLOCK of counter 56 of FIGURE 6. FIGURES 9a
and 9b illustrate an example of the pulses of signals ClkDiv and
HSRef, respectively, of FIGURE 6. Similar symbols and numerals in
35 FIGURES 1, 2A-2C, 3-6, 7A, 7B and 9A-9C indicate similar items or
functions.
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value of sign that of signal NCL. Signal NSET is a
15 constant binary word that is equal to the ratio between the
frequency of signal Clk and that of signal ClkDiv, as indicated
before. Signal Nerr is stored in a latch 57 when a timing control
signal CLKH occurs. Signal CLKH occurs immediately following that
period H of signal HSRef durmg which signal Nerr is measured and
- 20 generated. -
Stored signal Nerr is read out at an output of latch 57
as an output signal NERR. Error signal NERR has a value that is
equal to a difference between the number of clock periods of
signal Clk that occur during the given period MEASUREMENT of
25 signal HSRef of FIGURE 9b and the number of clock periods of
signal Clk of FIGURE 6 that occur during the period of signal ClkDiv
of FIGURE 9a. Such difference is zero and represents no error, for
example, when PLL 100 of FIGURE 1 is in a phase-lock condition.
Thus, signal NERR is indicative of a cycle related or frequency
30 error. The measurement operation in which signal NERR is
developed is depicted in a flowchart path 197 of the flow chart of
FIGURE 5. : :
Frequency error indicative signal NERR of FIGURE 6 is

coupled to an input of an absolute value forming stage 58 of
35 FIGURE 7A that produces a bianry word signal |Nerr|. Signal

INerr| is equal to the absolute value of signal NERR. Signal | Nerr |
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531 are cousignak €lkPiv, svken coyaing 18, led sin copater 61. Counter i
produces a signal 61a, the most-significant-bit MSB of counter 61.
15 Counting is enabled in counter 61 when signal 59a is generated.
' Signal 61a is coupled via an OR gate 62 to a "J" input
terminal of a flip-flop 63. A TRUE state of an output signal CFR of
flip-flop 63 is obtained should, in each of the 32 immediately
preceding periods H of signal ClkDiv, the error in the length of the
20 period of signal ClkDiv, as provided by the value of signal | Nerr|,
be greater than 8% of the ‘desired period length.
In accordance with an inventive feature, as long as
such 32 periods H of signal ClkDiv of FIGURE 9a have not elapsed,
: ~ RCVCO 53 of FIGURE 1 is not affected, referred to as an idle mode
25 operation and depicted in a path 194 of the flow chart of FIGURE
5. . Advantageously, the idle mode occurs in a manner to prevents
the occurrence of the coarse frequency correction mode, for
example, throughout a vertical blanking interval (VBI). During
the vertical blanking interval, equalizing pulses EP of FIGURE 1
30 occur. Pulses EP have a period that is one-half of period H.
Therefore, equalizing pulses EP in signal HSRef of FIGURE 1
produce a value of error signal | Nerr | of FIGURE 7A that is
greater than 8% of the desired period length. However, because
the number of equalization pulses EP of FIGURE 1 is smaller than
35 32, counter 61 and "OR" gate 62 of FIGURE 7A prevent signal CFR
' from attaining the TRUE state, throughout the vertical blanking
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error not due to operation in the vertical blanking interval.

Therefore, signal CFR of flip-flop 63 of FIGURE 7A would be

generated at the TRUE state. When signal CFR is generated, it

causes PLL 100 of FIGURE 1 to operate in the coarse frequency

15 error correction mode of operation. During operation in the coarse

' frequency error correction mode, coarse frequency error is
reduced sequentially in RCVCO 53 in switching steps. The way
signal CFR is generated is indicated in-flow chart paths 197, 200,

201, 196 and 199 of the flow chart in FIGURE 5.

20 FIGURE 10 illustrates a more detailed diagram of
charge pump stage 54 of FIGURE 1. Similar symbols and numerals
in ‘FIGURES 1, 2A-2C, 3-6, 7A, 7B, 9a-9c and 10 indicate similar
items or functions. The table in FIGURE 10 provides the direction
of signal flow and the state of the switches in stage 54.

25 Throughout the coarse frequency error correction mode, charge
pump stage 54 of FIGURE 10 produces analog control signal VCOCV
of RCVCO 53 of FIGURE 2A at a constant level that is equal to
reference voltage VREF, provided via a switch SW1 of FIGURE 10.
Signal VCOCV of FIGURE 10 is established approximately at its

30 middle voltage variation range. ‘

_ In the coarse frequency error correction mode, a 5-bit
binary counter 66 of FIGURE 6 counts up or down alternate pulses
of signal ClkDiv. The direction of counting in counter 66, up or
down, is determined in accordance with the state of a most

35 significant or a sign bit SIGN of word signal NERR. A 5-bit output
word signal CFRL(4:0) of counter 66 is coupled to an input of a
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separate control signals Ck(4j+1) by decoding the O-Dit signal
10 non-s paC|tor ClA. A svmtched capaci tor bank SWA(O is also

WORREW@:0
Corninal TA(Oa, LEI e, a0t FYCURECE Rnoves ot oRslEnaBfE iy gt s "
g\?\x(phed \él SIESJISESSEN 1B/ and & thapare tavrthe2FR UEsstate: land ﬂWeCtTh:trl bank
devel ép%d ~re & &ﬁoﬁl‘gismg?gﬁ%pgw M%Aﬁgﬁaggdw&aé@gect 'Eo) s: ;nal
TA(0). Si mUmL(A 0) of BIGURES 6 and Bie dnathectable of RIGURE & phisary"1€1B and
?egﬁgi( Orsmgg@r agfcgl{as g‘ci:?t or%%ﬁwrﬁ{%%%(/\é@t ‘Pegi‘eséé thQCFll}ieGSSEg si gnal
TB(1). state. As shown in FIGURE 8, when counzer 66 of FIGEng 6 ‘counts
up, only one of control s1gnals CF(4j+i) of FIGURE 8 changes state.
15 The change in state is from FALSE to TRUE state. Similarly, when
: counter 66 of FIGURE 6 counts down, only one of control signals
CF(4j+i) of FIGURE 8 changes state; whereas, the change in state is
from TRUE to FALSE.
In the coarse frequency error correction mode, a
20 measure/control sequencer unit 67 of FIGURE 6 .generates a signal
CFR_Enable that enables counter 66 to count up/down alternate
pulses of signal ClkDiv. Alternate pulses of signal ClkDiv occur in
alternate periods H of signal HSRef. Only during intervals
CONTROL, that occur in alternate periods of signal HSRef of FIGURE
25 9b, between intervals MEASUREMENT, signal CFR_Enable enables
" counter 66 of FIGURE 6 to change states. During the other
alternate periods of signal HSRef of FIGURE 9b, when intervals -
MEASUREMENT occur, the value of signal NCL is measured, as
" explained before, but counter 66 of FIGURE 6 does not change
30 states. Counter 66 does not change states while signals NERR or
NCL of FIGURE 9b are being measured. By preventing counter 66
of FIGURE 6 from changing states, during a given interval
MEASUREMENT of FIGURE 9b, the frequency of RCVCO 53 of
FIGURE 1 does not change at the same time that the frequency of
35 RCVCO 53 is being measured. Thus, a given switching step in the
coarse frequency correction mode requires two horizontal clock
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end of the immediately following interval CONTROL of FIGURES 9a

15 and 9b, denoted as interval 603, counter 66 of FIGURE 6 is
incremented. The result is that a corresponding pair of capacitors
CA(4j+i) and CB(4j+i) of FIGURES 2A, 2B and 2C are switched-in, in
accordance with updated incremented value of word signal
CFRL(4:0) of FIGURE 6. The updated value of signal CFRL(4:0) is

20 incremented or decremented in accordance with the sign bit SIGN
of signal NERR of FIGURE 6. Because additional pair of capacitors
is coupled to the positive feedback paths, a decrease in the
frequency of signal Clk occurs. On the other hand, if the
frequency of signal Clk is lower than required, a pair of capacitors

25 CA(4j+i) and CB(4j+i) of FIGURES 2B or 2C would be switched out
or decoupled from the positive feedback paths. The capacitor
switching ‘occurs in the immediately following interval CONTROL,
or interval 603, of FIGURES 9a and 9b, causing an increase in the
frequency of RCVCO 53 of FIGURES 2A-2C.

30 Thermoter decoder 64 of FIGURE 6 operates in such a
way that a change of state in counter 66 causes only one pair of
switched capacitors in the corresponding pair of positive feedback
paths, respectively, to be switched in or out and no other pair of
capacitors is affected, as explained before. Therefore,

35 advantageously, the change, increase or decrease, in the frequency

. ~of signal Clk of FIGURE 2C is monotonical and not affected by
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to 3 and, j is selected only from the values O to 7.
Further assume that the sign bit SIGN of signal NERR is
such that counter 66 of FIGURE 6 counts up, at the end of interval
15 601. Thus, in a2 subsequent interval MEASUREMENT, denoted as
an interval 602 of FIGURES 9a and 9b, signal CFRL(4:0) of FIGURE
6 contains an incremental value that is equal to 24, corresponding
to j=6 and i=0 since 4j+i=24. Only capacitors CA(24) and CB(24) in
banks SWA(0) and SWB(0), respectively, of FIGURE 2 will be
20 switched in and coupled to the corresponding pair of positive
feedback paths in RCVCO 53 at the end of interval 601 of FIGURES
9a and 9b. The switched capacitors that were already coupled to
the corresponding positive feedback paths, prior to the end of
interval 601 of FIGURES 9a and 9b, will not be affected by the
25 increment of the value of signal CFRL(4:0) of FIGURE 8. In this
way, capacitors CA(4j+i) and CB(4j+i) of FIGURES 2B and 2C are
switched in or out in a progressive or monotonical manner.
In each interval CONTROL of FIGURE 9b, the change in
the frequency of RCVCO 53 of FIGURES 2A-2C is approximately 4%
30 of the entire range of operating frequencies of RCVCO 53. Thus,
the entire frequency range of RCVCO 53 can be sequenced in 32
capacitor switching steps or fewer.
Sign bit SIGN of signal NERR of FIGURE 7A is coupled,
both delayed and undelayed, to a pair of input terminals of an
35 exclusive or gate 69. The delayed sign bit is produced in a latch
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counter 66 of FIGURE 6 ceases to change states and the last state
15 of signals CFRL (4:0) and  CF (4j+i) remains unchanged.
Signal NERR of FIGURE 7B is coupled to a first input A
of a subtractor 70. Signal NERR, delayed via a latch 71 by one
period of signal ClkDiv, is coupled to a second input B of subtractor
70. An absolute value of a difference between the input signals of
20 subtractor 70 is obtained in an absolute value forming stage 72
~ and is compared in a comparator 73 against a value contained in a
digital word signal THRESHOLD_2. |
Assume that the period length error of signal ClkDiv
changes, from a given period H to the immediately following one
25 of signal ClkDiv, by less than 2% of the expected period length of
clock signal ClkDiv. The 2% threshold value is contained in signal
THRESHOLD_2. Therefore, a signal CONSISTENCY is generated in
~ an output 73a of comparator 73. Thus, signal CONSISTENCY is
generated when the magnitude of signal NERR varies by no more
30 than 2% of the value of signal NSET of FIGURE 6 from one clock
period H to the immediately folquing one of signal ClkDiv. It
follows that signal CONSISTENCY -of FIGURE 7B is indicative of the
presence of a stable and noise free synchronizing signal HSRef and
error signal Nerr.
35 Signal |Nerr| of FIGURE 7A is compared with a
constant value that is equal to 2 in a comparator 60, Comparator
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coupl ed | ofr¢quencyt error correctlon mode of operatlon in whxch the state of
coupling or decoupling of the switched capacitor in FIGURES 2A-2C
15 is not affected. Flow chart paths 202, 203, 204 and 205 in the
flow chart of FIGURE 5 depict the conditions for the generation of
signal FFR of FIGURE 7A. On the other hand, should signal
CONSISTENCY not be generated, RCVCO 53 of FIGURE 1 will not be
affected, resulting in the aforementioned idle mode of operation,
20 as depicted in flow chart paths 197, 204 and 209 of the flow chart
of FIGURE 5.
In the fine frequency error correction mode, signal FFR
of FIGURE 7A controls the operation of charge pump stage 54 of
FIGURE 10 for varying analog signal VCOCV. Variation of signal
25 VCOCV causes the frequency of RCVCO 53 of FIGURE 1 to vary in a
gradual manner and without switching steps of the switched
capacitor, unlike in the coarse frequency error correction mode.
Signal NERR of FIGURE 6 is coupled through a word
limiter 75 to a pulse generator 76. Limiter 75 produces an eight-
30 bit, 2's complement word signal 75a from the least significant
~ eight bits of signal NERR. Signal NERR is a 13-bit word signal.
Should the magnitude of signal NERR be larger than what can be
represented by eight-bit word signal 75a, signal 75a would be
. established at a value that is equal to the upper limit, positive or
35 negative, of an eight-bit, 2's complement word. Word signal 75a
is stored in a binary counter, not shown, of a pulse generator 76.
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Under the control of signal FFR, signal FFR_UP or
FFR_DN of FIGURE 10 is selected and coupled through the
15 corresponding one of a pair of two-input multiplexers 54a and
54b and through the corresponding one of a pair of gates 54c and
54d to the corresponding one of a pair of control terminals 54ca
and 54cb of the corresponding one of a pair of switches SW3 and
SW4. When the pulse of signal FFR_UP is generated, switch SW3
20 couples a positive pulse current I3 to a terminal 54f. Similarly,
when the pulse of signal FFR_DN is generated, switch SW4 couples
a negative pulse current 14 to terminal 54f. '
A capacitor Cint, formed using an integrating circuit
fabrication technique, is coupled in parallel with a discrete
25 capacitor Cext via switch SW1. This is done by having the selector
of switch SW1 coupled to terminal 54f in the fine frequency
correction mode. The control of switch SW1 is shown by the table
in FIGURE 10. Consequently, capacitors Cext and Cint are charged
in parallel, when signal FFR_UP is produced, by an amount that is
30 propdrtional to the pulse width of signal FFR_UP. Capacitors Cext
and Cint are discharged, in a similar manner, when signal FFR_DN
occurs. Signal VCOCV is produced in capacitor Cext and is coupled
to RCVCO 53 of FIGURE 2A.
Similarly to the coarse frequency error correction
35 mode, and for similar reasons, during intervals MEASUREMENT,
that occur during alternate periods H of signal HSRef of FIGURE 9b,
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The correction range that is produced by signal VCOCV
in the fine frequency error correction mode is approximately +8 %
15 of the entire frequency range of RCVCO 53 of FIGURES 2A-2C,
Therefore, advantageously, signal VCOCV has a sufficiently large
range that overlaps each range of frequencies associated with a
given switching step of signals CF(4j+i) that occurs in the coarse
~ frequency error correction mode. This is so because, as explained
20 before, the range of frequencies associated with a given switching
step in the coarse frequency error correction mode is equal to
- approximately 4% of the entire frequency range of RCVCO 353.
Advantageously, the correction range of signal VCOCV is still
sufficiently small so that sensitivity to noise is reduced.
25 As explained before, when signal CONSISTENCY of
FIGURE 7B is not generated, the idle mode of operation occurs.
The idle mode occurs when, for example, signal HSRef of FIGURE 1
is contaminated with noise. In the idle mode, switch SW1 of
FIGURE 10 decouples capacitor Cext from terminal 54f. Therefore,
30 capacitor Cext of FIGURE 10 is neither charged nor discharged and
| signal VCOCV is maintained relatively constant. In the idle mode,
signal VCOCYV is coupled via a unity gain amplifier and a switch
SW2 to capacitor Cint such that the capacitor voltage in terminal
54f of capacitor Cint tracks the voltage of signal VCOCV. The
35 control of switch SW2 is shown by the table in FIGURE 10.
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operation. FIGURES 12a-12g illustrate corresponding waveforms.
15_ Similar symbols and numerals in FIGURES 1, 2A-2C, 3-6, 7A, 7B, 8,
9a-9¢, 10, 11 and 12a-12g indicate similar items or functions.
Detector 51 of FIGURE 11 includes a D-type flip-flop S1c that is
clocked by signal HSRef and reset by signal ClkDiv. Flip-flop Sic
generates a given pulse of signal FPH_UP of FIGURE 12¢ when the
20 leading edge of signal ClkDiv of FIGURE 12b lags behind that of
signal HSRef of FIGURE 12a. A D-type flip-flop 51d of FIGURE 11
is clocked by signal ClkDiv and reset by signal HSRef via a one-
shot multivibrator 51f. Flip-flop 51d generates a given pulse of
signal FPH_DN of FIGURE 12g, when the leading edge of signal
25 ClkDiv of FIGURE 12e leads that of signal HSRef of FIGURE 12a,
The pulse width of each of pulse signals FPH_UP and FPH_DN is
proportional to the phase difference. Only one of pulse signals
FPH_UP and FPH_DN can be generated at a given period H.
Pulse signal FPH_UP or FPH_DN of FIGURE 7B is
30 coupled via an "OR" gate 80 to a 3-bit binary counter 81. When
the pulse width of either pulse is smaller than 2 clock periods of
signal Clk, that is indicative of a relatively small phase error, an
output signal 81a is at a FALSE level. Signal 81a is coupled via an
~ inverter 82 to an input B of an "AND" gate 83. Frequency error
35 indicative signal 60a is coupled to a second input A of gate 83.
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fine and coarse frequency error correction modes, the phase error

15 is both measured and corrected in each period H of signal HSRef of
FIGURE 9b. In the fine phase error correction mode, analog signal
VCOCV of FIGURE 10 that is proportional to the phase error is used
to acquire and maintain phase lock condition.

FIGURES 13a-13d illustrate waveforms useful for

20 explaining the operation in the fine phase error correction mode.
Similar symbols and numerals in FIGURES 1, 2A-2C, 3-6. 7A, 7B, 8,
9a-9¢c, 10, 11, 12a-12g and 13a-13d mdmate similar items or

- functions.

When signal FPH of FIGURE 7B is generated, signal
25 FPH_UP, alternatively, FPH_DN, of FIGURE 10 is coupled through
multiplexers 54a and 54b and through gates 54c and 54d to
terminals 54ca and 54cb of switches SW3 and SW4, respectively.
Signal FPH_UP, alternatively, FPH_DN is applied to capacitors Cint
and Cext in the following three operation sequence that occurs
30 during each period of signal ClkDiv of FIGURE 13B.

In the first operation of the aforementioned three
operation sequence, switch SW1 of FIGURE 10 is at a position
HOLD. Should the pulse of signal FPH_UP be generated, switch
SW3 would couple positive pulse current I3 to terminal 54f.

35 Similarly, should the pulse of signal FPH_DN be generated, switch
SW4 would couple negative pulse current 14 to terminal 54f.
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bank SWA(T )g Qfhd™1 5 Folcting the trailing edge of signal ClkDiv of FIGURE
13B. Pulse signal CHK of FIGURE 6 causes, in a2 manner not shown, |
switch SW2 of FIGURE 10 to open and switch SW1 to couple

15 capacitor Cext to terminal 54f. Thus, capacitors Cint and Cext are
coupled in parallel. Therefore, the charge in capacitor Cext varies
in accordance with that of capacitor Cint and is determined by the
measured phase error. In this way, charge transfer occurs
between capacitors Cext and Cint.

20 ' In the third operation of the sequence, generator 85 of
FIGURE 6 generates a pulse signal INIT of FIGURES 6 and 13d
following pulse signal CHK of FIGURE 13c. Pulse INIT causes, ina
manner not shown, switch SW1 of FIGURE 10 to be in position
HOLD and switch SW2 to be closed. In this way, the initial

25 condition voltage is maintained in capacitor Cint the same as in
larger capacitor Cext in preparation for the next first operation in
the next three operation sequence the next three operation
sequence occurs in the next period of signal CIkDiv.

Advantageously, signal ClkDiv may suffer from less than, for

30 example, 2 ns jitter in the fine phase correction mode.

Fine frequency/phase control signal VCOCV of FIGURE
1 is also coupled to a comparator 91. A signal OUT-OF-RANGE
would be generated by comparator 91 should the magnitude of
signal VCOCV be outside a predetermined voltage range. Signal

35 OUT-OF-RANGE is indicative of a situation in which signal VCOCV
approaches a magnitude that is outside a linear control range of
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' 2C, the paflovwetchart QszﬁBREséldQﬂlpbéluyh %iﬁ'éatéﬁnthe eight values 0 10 to
7. A given transi st OrSh%HlHC{heSWSé' 3rb§ul@i‘?l‘g0|lﬁda finfeeries with’

a corresponding ca t 4

Dot swi | CAHEAReRCE oteen Ghe mi‘r‘e%&mp? sngaahﬁ#@ecaqfuﬁlgwﬂﬁpc?ﬁ‘m2| s

commor] @ or ahetihat fsighal YCIKDiy of FIGURE< 128861 )12¢ tiidtGsRequiBtarot 2C
S

cuch s, 1 SreasEAbRL 2 slfek Sritodd bl R, {;gﬁi@???nzgﬁeﬁéég?? or e

such as, f
by a trans'Mmuid bei gmersn(daj +Sign#l 8laowansest aflip-flopo8s tel be "set’i es with
a capaci t Ogn§B{gtisbhbrate an output signal PE_LAT. Signal PE_LAT is
coupled to flip-flop 51c and 51d of phase detector 51 of FIGURE
15 11 via "OR" gates 51a and 51b for terminating or producing a
trailing edge of the then occurring pulse of signal FPH_UP or
FPH_DN. Thus, advantageously, in the fine phase error correction
mode, when detector 51 controls stage 54 of FIGURE 10, detector
- 51 of FIGURE 11 is prevented from varying the frequency/phase
20 of signal Clk by an excessive amount in each period of 'éignal
ClkDiv. ,
| Signal 81a of FIGURE 7B at the TRUE level that is
indicative of a large phase error is coupled to an input C of an
"AND" gate 90, Signal CONSISTENCY that is indicative of consistent
25 frequency error from one period H of signal HSRef of FIGURE 9% to
the immediately next one, as explained before, is coupled to a
second input A of gate 90 of FIGURE 7B. Signal 60a that is
indicative of a small frequency error, when the value of signal
| Nerr| is smaller than 2, is coupled to a third input B of gate 90.
30 Gate 90 generates a signal CPH_RST when all the three signals,
81a, 60a and CONSISTENCY, are generated. Signal CPH_RST is
coupled to a clock input of a D-type flip-flop 91. "An output Q of
flip-flop 91 is coupled to an input D of a D-type flip-flop 92 that
produces a pulse signal RST when the leading edge of signal HSRef
35 occurs following the generation of signal CPH_RST.
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20 ClkaI n Qb%sr\ %igppl &S'Bam(osv,ldm ic)oagsned M?I ?’,’°5f°°|5f‘%§5f:ﬂ§§ 2B and
2C desi gnatmeadéyofa operation.v aFlew" chartspathsa210; G2 1lkando2d2 irthe 8ad O and
SVB(O), ei %ﬂh&'%tmtmﬁns"&%ﬁg?{ ‘the! wayOM¢ Roat sbespaetion ei ght
pairs of transistor swltche$r 4j+1) -and SBg_4 + ' fes! nated al.so by the
commonl Qal #eode is; obtainedne This meaLFAR HGY o{”hﬁ“i. OF; gﬁ%ﬂ‘? &FHE +i) are
dgyflsog?dsi haSe 1§ nfyﬂmezd@p%qgtgm I atat i@?prol’fllildzgdbtd’la vided tape 32
v of s lhee Uil sBRoTS, bech Sy AR WD R
swi t ches Sildybadk ahodeGUREhe eoarsSBpHase )ereor! darrection risl accomplisbed4 +i )
30 that Cont %isna SinPBbiwdin REVESI b RIGERE 1 hha pRag® of "17 1
15 detector 51 in a manner that bypasses the signal path of signal
VCOCV. As a result of the abrupt or coarse phase correction, ‘the-
phase of signal CIkDiv is aligned with that of signal HSRef without
 significantly affecting the phase of signal Clk. In this way,
advantageously, transient disturbance in RCVCO 53 is eliminated
20 or significantly reduced.
Should signal 81a of FIGURE 7B that is indicative of a
large phase error be generated and signal CONSISTENCY, that is
indicative of a stable sync signal HSRef, not be generated, signal
RST would not be generated and the idle mode of operation would
25 occur. Flow chart path 213 in the flow chart of FIGURE 5 depicts
this way in which the idle mode is obtained. The advantage of
operating in the idle mode and preventing the coarse phase error
correction when signal CONSISTENCY of FIGURE 7B is not
generated is that disturbance or transient in PLL 100 of FIGURE 1
. 30 may be reduced. Such disturbance may be reduced when, for
example, the duration of the interruption in signal HSRef is short.
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al so comon for the & \fgﬁr‘b%?f 3?‘%\5"1"8“5%"%}5&&] sighal, 3% apfRAUENCY g for
control si thatl iCrrelated) tohat horizontdls ssamtingafrequéney hayingna cvaiueol

+
the. cor oo it} n?ﬁﬁﬁﬁﬁadi%;?t fefticdl, Sice” RO 1O That Migl s L? "
of thd Qor ¥esgealdiblanking intesya er@ yerteak scanning cnuqle,ed via a pair
of the switches SA( 4Ja+'&on%f511a‘i§64b§éﬂléio{' hfort %@ﬁbﬁﬂhﬁg V%kﬁae ostHlitbey
' signal;
means for generating a reference signal;
means responsive to said oscillatory and synchronizing
15 signals for measuring a frequency error therebetween, during a
given period of said reference signal, and for generating a signal
that is indicative of said frequency error, said frequency error
indicative signal being coupled to a control input of said oscillator
in a negative feedback manner to correct for said frequency error;
20 means coupled to said frequency error indicative
signal generating means and responsive to said reference signal
for counting the number of periods of said reference signal in
which said frequency error exceeds a first value; and
means coupled to said oscillator for enabling the
25 correction of said frequency error when the number of said
counted periods exceeds a second value, and for disabling the
correction of said error as long as said second value is not
exceeded, wherein said frequency error, during said vertical
blanking interval, exceeds said first value and the number of said
30 counted periods does not exceed said second value.

2. An apparatus -according to Claim 1 wherein after
said number of counted periods exceeds said second value said
apparatus operates in a coarse frequency error control mode of

35 '~ operation. |
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5 TA(i) _arﬁ!’rqg(qql!tf?]esm@@?i9§I9P°féﬁémdevel oped. Thereby, an increase phase

del ay and a correspondi ng decrease in the oscillation frequency of signal
Clk of .FI GURE 2C occu t he ot han v Q U ol gnal
G4 +) of FIGRE. oo A tpafii-actiitind L Qain 37 oL sald 0
capalcilfirs ammrE atist cpedatest imra lﬁndeemnlpél edntrohtmodg: avhemcxaedse in the
oscillatio 9’#@}2 gurrent mrror

ref erence Ergﬁl 3‘#@{ @%ﬁé’tgkkfgéq %]agtslj a éﬁdgﬁ?r'ansi stor MP20 that
provides a small start-up current such as | [err]A The start-up current

causes a voltage |evel 1 fnaipsarhfifsTaddbrdiig! fo | Cldib?!1 ¥wiiéretn  When
t hreshol d vol tage of a

said frequency error exceeds said first value and as long as the

15 number of counted periods does not exceed said second value,.

said apparatus operates in an idle mode of operation.

6. An apparatus according to Claim 1 wherein said
synchronizing signal is contained in a video signal, wherein said
20 frequency error exceeds said first value when equalizing pulses
occur in said video signal and wherein the number of equalizing
pulses in the vertical blanking interval is smaller than required to’
cause the generation of said second signal.

25 7. An apparatus according to Claim 1 wherein said
synchronizing signal is contained in a video signal, wherein said
reference signal generating means is responsive to said oscillatory
signal for generating said reférence signal.

This Sheet Has Been Replaced

MR
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10 Simul ati on shows t hat sensitivity to supply voltage change is 5 0.9%V
erature change is -0.012%[err]C. RCVCO 53 o
in a differential synmetrical

and to tenmp
const ruct ed
TA(1), TB(Z
differentid
TB(1), TA(;
f eedback si
differentid

), TB(3) and TB(4), defining a P%%é@

|1y symmetrical with respect to si

), TA(3) and TA(4), respectlvely

gnal path. Therefore,

phase differen
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exanpl e, S|!gnal s Yl and Y2 doe$5\ﬁot vary when the %I@ for exanpl e,
anplifiers 535a and 535b of FI( c \Mc‘ )5 a tenperature
| at e$F(#d2h nsAquqg,cy

variation.dqccurs. RCVCO 53 V\/r'ﬂ4ﬁh'|’ cRsA erfaiined by
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As shown in FIGURE 4, signals Y1 and Y2 are nearly 25 identical in
magni tude and they are phased by 180 degrees with respect to each other.
Signals Y1 and Y2 are differentially symmetrical signals because of the
differential symretrical configuration. Thus, crossover points in signals
Y1l and Y2, such as points CO that occur when the instantaneous val ues of
signals Y1 30 and Y2 are sinultaneously the sane, occur at the opposite
phase. Advant ageously, the cro ver points CO ar (ﬂearly equal Iy spaced i.n
time as a result of the aforenentioned differenti symmetri cal
configuration. Because of the sy trical configurption, the duty cycle of
signal Ck is, advantageously, npt e
g _ g y | CFldsh)

SA{d«j+)

SBd«j#)

CAsi#) == 2P CB{dsfe) == 2P

FORi:=0TO3 FORj:=0TO7

FIG.3

This Sheet Has Been Replaced




3 5 affected by gain vari aib d conponent
variations. Therefore, advanta !)usl yl{a rel at fvel y di npl e
differential-to-single endeq‘réj slatien circujit 536 ¢f FIGURE 2C 5 that
receives signals Y1 and Y2 a formgd by trpgnsistoljs MP15, MP16, MN\20
and M\21 and gates Ul and U2 g rate sCBnaI | k at qpproxi mately 50% duty
cycle. Furthernore, the dif 4 epg= ' ation provides
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10 - The neasured noi se bandwi h o -30dB at 350 Hz.

. The short termstability of RCVCO 53 witeNn )Y s¢ arr] 150 Hz
or 20 ppm corresponding to a 1.3 ns jitter i ZQ ine period H
of 63.5 [err]sec. To control the frequeng ' ' 5
HSRef of FIGURE 1 is coupled to a frequehcy 2 stage 55
FIGURE 5 illustrates a flow chart useful exyfl ai nigg the operation of
PLL 100 of FIGURE 1. FIGURES 6, 7A and 7B illINdtrate gorrespgpdi ng pprtions
of stage 55 of FIGURE 1 in.nore detail g4 ' Si m Egr synbpl s and
nuneral s in Fl GURES 20 1, 2A-2C, 3-6, aﬁ ikens or

functi ons.
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[err] Nerr [err] is equal to t hfabsol ut g val ue si gnal NERR Signal
[err] Ner[err] is conpared i a c ratqgr 59 with a constant val ue word
signal 3 0 THRESHOLD[err]1 tHhat i eEuaI to 8% of the magnitude of word -
signal NSET. The desired perijod |ength off signal ClkDiv is contained in
word signal NSET. Conparator |59_gkrnel a word signal 59a when the error
in the length of the periﬁd of si a] I’ﬁlkDi v, as neasured by the nunber of
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be greater than 8% of the desired period Iength As |l ong as
such 32 periods H of signal ClkD v of FlIGJR camaloa: egﬁﬁégd, RCVCO 53
of FIGURE'1 is not affected, 3 i1Bn and
depicted in a path 194 of the flow chart of FI¢pRE 5. IvarQHARGEPUMPY, t he
i dl e node occur sy 2 e

frequency correctloninnde, f)rfexanple, effti cal bl anki ng
interval (VBlI). During the vertical blanking ¢qual i zi ng pul ses EP
of FIGURE 1 occur. Pul ses EP|have eriod that b-hal f of period H
~Therefore, equalizing pul ses|EP inggg“mal HSRef 031 | BURE 1 produce a val ue
of error signal | Nerr | of LEADING EDGE
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PE_LAT ——q— - T
L_ FPH_DN
DATA Q > QUTPUTTO
F_ CHARGE PUMP
CKDiv ¢ 0K 1@
CLR ~
51t 7 T 51d
LEADING EDGE
> ONE-SHOT —"_02_'\ 51b

al

FIG. 11

This Sheet Has Been R

i B



25 FIGURE 7A that is greater than % of the desired peri engt h.
However , becﬁﬁ ttmmﬁéﬁ of equ®ijation pul sgs EP of RE 1is. _
"~ smal ler than » C r f ' I pr nal

CFR from attai ning the TRUE state, it hr oughout the - vertical blanking

interval . Th or eration in ﬂ? caarse 30 frequency gorrpction node
IS prevent edF fa'[r%gjl ClkDi¢ ati an—l-n-t-hé )
y, th a

advant ageous se of RCVCe{58—i%g CLkPERIODS St Ur bed t hr oughout the

vertical . bl apking or, petrace int er\f{; Assume that the nufr of periods of
signal ClkDi ja}i ﬁi}@‘n 8L Ol Si [err] r dstareater than 8%
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| engt h exceeds.32. Thi-s situation is indicative of a |arge frequency 14
error not .due to operation in the vertical blanking interval. 5 Therefore,
signal CFR of flip-flop 63 of FIGURE 7A woul d be generated at the TRUE
state. Wien signal CFR is generated, it causes PLL 100 of FIGURE 1 to
operate in the coarse frequency error correction node of operation. During
operation in the coarse frequency error correction node, coarse frequency
error is S
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. CONSISTENCY DETECTOR .
10 reduced sequentlall t The way signal CFR
IS generated is indi cat B?f{ow cﬁelh sp\zg% Qﬁ]l@%aﬁéﬁgénﬁﬁ? 196 and 199 of
the flow chargenetaﬁnglRF_c igopk 10 illustrates a nore detailed di agram
of charge punp stage 54D itﬂ' GM%S ki tﬁﬂrfpi'@desi alystenis! withefedtares 5 in

:‘: L%FF gng %ﬁ?ﬁ%tﬁs gprg fi)l@sﬁgy P(gv de g?ﬂ ngicf?&téc{rf hﬂgthfg sfobeg&hf | ow and
the statd ®f tebevision argeiven a_ndagedso tapier secorder sigoal ovougees rmayency
error correct lo%llaﬁ Ltm qg 54ldéi:e5' {9 'REndRzea@tuces anal og
control si gnas %/ t f'S ¢ E{E Zf\ Etda ICOEStEﬁ't Ievgl t hat
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advantageous to form a phase-locked loop (PLL) system for line-
locked clock generation for use as a building block in large scale
15 CMOS video signal processing integrated circuits. In such PLL, it
may be desirable to have, for example, a clock frequency that
ranges from 25 MHz to 40 MHz with a jitter that is less than 2nS.
For such PLL it may be desirable to utilize only one pin for off-
chip components. It may also be desirable to use the PLL system
20 with each of the NTSC, PAL and SECAM systems.
It may also be advantageous to operate the PLL with
an input sync signal encountered in low-cost consumer video tape
recorders without time-base correction, where the horizontal sync
can periodically make large phase changes such that the clock
25 signal-tracks such sync signal. It may be further desirable to
rapidly reduce phase and frequency errors and minimize
overshoot and jitter as the PLL settles into phase lock. In
addition, it may be desirable to have the PLL discriminate
between' true output clock phase/frequency errors and those
30 arising from contamination of the input horizontal sync slgnal
with noise bursts or occasional missing pulses.
- A PLL system, embodying an inventive feature,
utilizes both digital and analog control of an R-C Voltage-
Controlled Oscillator to acquire and maintain phase lock of an
35 output clock with respect to an input horizontal sync signal.
Depending on the magnitude and consistency of the output clock

_)
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32 a difference between the phase error measured in each of a pair

_ of horizontal line periods is smaller than a second predetermined

15 magnitude, the phase error is corrected in a coarse. phase error
correction mode. The phase error difference that is smaller than
the second predetermined magnitude is indicative of phase error
consistency. On the other hand, when the phase error is
inconsistent in the pair of periods, the phase error is not corrected

.20 and the PLL operates in an idle mode of operation.

Advantageously, by disabling the correction of the phase error
when the phase error is inconsistent, an occasional noise in the
synchronization signal is prevented from disturbing the steady
state mode of operation. In this way, noise immunity is increased.

25 Similarly, when a difference between a frequency
error measured in each of a pair of horizontal line periods is
larger than a predetermined magnitude that is indicative of
inconsistent frequency error, the frequency error is not corrected -
and the PLL operates in an idle mode of operation.

30 Advantageously, by disabling the correction of the frequency
error when the frequency error is inconsistent, noise immunity is
increased. - -

An apparatus, embodying an aspect of the invention,
for generating an oscillatory signal includes a controllable

35 oscillator. A first signal that is indicative of one of a frequency
‘and a phase crror between the oscillatory signal and a
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FIGURE 1 illustrates a block diagram of a phase-lock-
loop (PLL), embodying an aspect of the invention;

FIGURES 2A, 2B and 2C illustrate a detailed schematic
diagram of a programmable switched R-C voltagc controlled
oscillator of the PLL of FIGURE 1;

FIGURE 3 illustrates a switched capacitor arrangement
of the oscillator .of FIGURES 2A-2C; .

FIGURE 4 illustrates waveforms useful for explaining
the arrangement of FIGURES 2A-2C; '

FIGURE 5§ illustrates a flow chart useful for explaining
the operation of the PLL of FIGURE 1;

_ FIGURES 6, 7A and 7B illustrate more detailed
diagrams of portions of the PLL of FIGURE 1I;
. FIGURE 8 is a table useful for explaining the operation
of a decoder of FIGURE 1;
FIGURES 9a-9c aie waveforms useful for explaining

the operation of the PLL of FIGURE 1;

FIGURE 10 illustrates a schematic of a charge pump.. - -
stage of-the PLL of FIGURE 1;

FIGURE 11 illustrates a detailed schematic of a phase
detector of the PLL of FIGURE 1;

‘FIGURES 12a-12g illustrate waveforms useful for
explaining the operation of the phase detector of FIGURE 11; and

' FIGURES 13a-13d illustrate waveforms useful for

explaining the operation of the charge pump stage of the PLL of
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An oscillatory signal ClkDiv is produced at an output of
a programmable divide-by-N counter 52 .by frequency dividing.an
output signal Clk of PLL 100 produced in a programmable,
15 resistor-capacitor (R-C) type voltage-controlled-oscillator (RCVCO)
53. Output signal Clk may be used in various stages, not shown, of
the television receiver for video signal processing. In steady state
operation, the frequency of signal Clk is equal to N x fyy. The value
N denotes a ratio between the frequency of signal Clk and that of -
20 signal ClkDiv. The value N that is selectable in the range of 750-
2600 is provided by a conmstant digital word signal Nset that is
coupled to counter 52 for presetting counter 52 once in each
period of signal ClkDiv.
FIGURES 2A, 2B and 2C illustrate a schematic diagram
25 of RCVCO 53 of FIGURE 1. Similar symbols and numerals in
FIGURES 1 and 2A-2C indicate similar items or functions. RCVCO
53 of FIGURE 2B includes a differential amplifier 531 formed by a
pair of transistors MP9 and MP10. A current source transistor -
MP8 produces a corresponding source electrode current in each of
30 transistors MP9 and MP10. Amplifier 531 includes load resistors
R5 and R6 of transistors MP9 and MP10, respectively. Similarly, 2
differential amplifier 532 of FIGURE 2C is formed by transistors
MP11, MP12 and MP13 and load resistors R7 and R8. A pair of
signals X2a and Xla developed in load resistors RS and R6 of
35 amplifier 531 are coupled to gate clectrodes of transistors MP12
and MP13 via a pair of R-C delay networks 533a and 533b,
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frequency of developed at a junction terminal TA(O)a, between capacitor C1A
and resistor R1A. Signal TA(0) is coupled via a resistor R2A to a
capacitor C2A. A switched capacitor bank SWA(1) is also coupled
15 to capacitor C2A. A delayed signal TA(1) is developed in capacitor
C2A. Signal TA(1) is delayed with respect to signal TA(0).
Similarly, network 533b includes a resistor R1B, a capacitor C1B
and a bank SWB(0) that produces a signal TB(0). Network 533b
includes a resistor R2B, a capacitor C2B and a bank SWB(1) that
20 produces a signal TB(1).

A pair of signals Y1 and Y2 of FIGURE 2C developed in
load resistors R7 and R8, respectively, of amplifier 532 are
coupled via R-C delay networks 534b and 534a, respectively, that
produce nominally the same phase shift. Networks 534a and

25 534b operate in a similar manner to networks 533a and 533b.
Network 534a includes a resistor R3A, a capacitor C3A and a bank
SWA(2) that produces a delayed signal TA(2). Signal TA(2) is
coupled via a resistor R4A to a capacitor C4A and to a bank
SWA(3) that produces a delayed signal TA(3). Signal TA(3) is

30 further delayed via a resistor RSA and a capacitor C5A to produce
a further delayed signal TA(4). Similarly, delay network 534b
includes resistors R3B, R4B and RSB that are analogous to resistors
R3A, R4A and RSA, respectively, and capacitors C3B, C4B and C5B
that are analogous to capacitors C3A, C4A and C5A, respectively.

35 Network 534b produces delayed signals TB(2), TB(3) and TB(4)
that are analogous to signals TA(2), TA(3) and TA(4), respectively.
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transistor MP6 and MP7 form a differential amplifier 535b having
a controllable gain. The gains of amplifiers 535a and 535b vary in
opposite directions in accordance with variations in drain currents
produced by ‘a pair of transistors MP1 and MP5 that form a
differential amplifier §35¢c. The drain currents in transistors MP1
and MP2 vary in opposite directions in accordance with a voltage
difference between gate electrodes of transistors MP1 and MPS.

A constant DC reference voltage VREF is developed at
the gate of transistor MP1. A control, output signal VCOCV
produced in a charge pump control stage 54 of FIGURE 1 is
developed at the gate of transistor MPS of FIGURE 2A to control
the frequency/phase of signal Clk, in a fine error correction mode.
of operation, as explained later on. '

The drain electrode of transistor MP2 is coupled to the
drain electrode of tramsistor MP6 to develop a sum signal XI.
Signal X1 is developed in a pair of parallel coupled load resistors
R10 and R12 and is coupled to the gate electrode of transistor
MP10 of amplifier 531 of FIGURE 2B. Similarly, the drain
electrode of transistors MP3 of FIGURE 2A is coupled to the drain
electrode of transistor MP7 to develop a sum signal X2. Signal X2
is developed in a pair of load resistors R11 and R13 and is coupled
to the gate electrode of transistor MP9 of amplifier 531 of FIGURE
2B.

The signal gain, for example, via transistor MP2 varies
in the opposite way to that via transistor MP6. The phase shift of
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X2. Varying the phase shift of signal X1 or X2 causes the

oscillation frequency of RCVCO 53 ‘and of signal Clk to vary, as

explained later on. |

15 It may be desirable to achieve a wide frequency range
of, for example, 25-40 MHz of signal Clk and also to compensate
for tolerances, temperature variations and for aging in the R-C
delay networks. The R-C delay networks are formed in RCVCO 53

: using integrating circuit fabrication technique.

20 The frequency of RCVCO 53 can be stepped up or down
in a coarse frequency correction mode of operation. For example,
the coarse frequency correction mode may occur immediately
after power is applied. To provide the coarse frequency
correction mode, the aforementioned four switch-capacitor banks,

25 SWA(), are provided. The parameter "i" that designates the
switch-capacitor bank assumes the four values, 0 to 3. Switch-
capacitor banks SWA(i) are coupled to four corresponding )
terminals where signals TA(i), referred to before, are developed. - -
Thus, a given bank SWA() is coupled to a corresponding terminal

30 where signal TA(i) is designated by the same value "i". Similarly,
the afore-mentioned four switch-capacitor banks, SWB(i), are
coupled to corresponding four terminals where signal TB(i),
referred to before, are developed. In.the same way, the
parameter "i" assumes the values O to 3.

35 Each bank SWAC(i), such as bank SWA(0) of FIGURE 2B,
includes eight parallel coupled switch-capacitor arrangements. A
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operates I gie Vafte of “i* i both switch SA(4j+ i
e value of "i" is common to both switc (4j+i) and to capacitor
C(4j+i) and the value of “j" is also common for both. - Similarly,

15 each bank SWB(i) of FIGURES 2B and 2C includes eight parallel
coupled ¢gransistor switch-capacitor arrangements, such as, for
example, bank SWA. Each of such eight arrangements is formed
by a transistor switch SB(4j+i) of FIGURE 3 that is coupled in series
with a capacitor CB(4j+i). .

20 In each pair of banks, SWA(i) and SWB(), of FIGURES
2B and 2C designated by a common value "i", such as, for example,
banks SWA(0Q) and SWB(0), eight control signals CF(4j+i) control
the corresponding eight pairs of transistor switches SA(4j+i) and
SB(4j+i) designated also by the common value of "i" and the

25 common value of "j". Signals CF(4j+i) are developed in a manner
that is described later on.  Thus, the total of 32 pairs of switches
SA(4j+i) and SB(4j+i) are controlled by the 32 control signals
CF(4j+i), respectively. The value of "i" for a given pair of switches
SA(4j+i) of FIGURE 3 and SB(4j+i) and for control signal CF(4j+i)

30 that controls such pair of switches is the same. The value of "j" is
also comion for the given pair of switches SA(4j+i) and SB(4j+i)
and for control signal CF(4j+i) that controls such pair.

When a given control signal CF(4j+i) assumes a TRUE
state, a corresponding capacitor CA(4j+i) of the corresponding

35 bank SWA() and a corresponding capacitor CB(4j+i) of the
corresponding bank SWB(i) are switched in or coupled via a pair
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601, of includes a PMOS transistor MP20 that provides a small start-up
current such as 1 pA. The start-up current causes a voltage level
15 at a terminal NB to initially rise to a threshold voltage of a
transistor MN10, typically 0.8V. Voltages at a terminal NR and at
terminal NB are compared in a balanced PMOS current mirror
amplifier formed by transistors MP23, MP24, MN13 and MNI14.
Negative feedback from a terminal NF is applied to the
20 gate of a transistor MN12 forcing the voltages at terminals NR and
NB to be equal. The current flowing in a resistor Rl is, therefore,
proportional to .the voltage at terminal NB. Once current starts
flowing in resistor R1, in transistor MN12 and in transistor MP22,
additional current is sourced into terminal NB which causes the
25 voltage at terminal NB to rise to a level of about 1.5V. Thus, a
reference current flowing in transistor MP22 is nominally 0.25
mA. |
An output voltage CS1 of current mirror reference
circuit 537 developed at the drain of transistor MP22 is coupled to
30 the gates of transistors MP4 and MP8 of FIGURE 2B and transistor
MP11 of FIGURE 2C. As a result, the current flowing in transistor
MP4 of FIGURE 2A is nominally 3 mA and the current flowing in
each of the amplifiers sourced by transistors MP8 and MP11 is 1.5
mA. Circuit 537 of FIGURE 2A maintains stability of the
35 frequency of the oscillator with respect to supply voltage change.

| REPLACEMENT SHERT]

02 0CT 199 7

e |




o) Ve /07 ¥V alld U tuiiipviadiv Vilaligy b “VV14L W07 .

3 5 FIGURES 9a and 9b, REYGQIMR ofFIGURES 2Ar2C 4s sponstructedin 6 i s equal
expl ai ned bet Ao | e O R oe 0 Lo and i b e
CxpLal e Do B TR S THtATT YAy st v (SR B, 481 o
of signal NERdiffereptialyt symmeadricale wight respedtrBignalsuXils YR, EB(Mhe end of
interval 1691. TBUYS, TA(2), TASI RN TAM)S réshedriveRRaltiNing 4CReL6HH s
positive feedback signal path. Therefore, phase difference
between a pair of differentially symmetrical signals such as, for
example, signals Y1 and Y2 does not vary when the gain of, for
example, amplifiers 535a and 535b of FIGURE 2A varies or when
15 - a temperature variation occurs. RCVCO 53 oscillates at a ,
frequency which is determined by the total phase shift in its pair
positive feedback paths.
FIGURE 4 illustrates an example of simulated
waveforms of signals Y1 and Y2 of FIGURE 1 when all the
20 switched capacitors in RCVCO 53 are decoupled by signals CF(4j+i),
resulting in maximum frequency or minimum period of signal Clk
such as 19.62nS. Similar symbols and numerals in FIGURES 1, 2A-
2C, 3 and 4 indicate similar items or functions.
As shown in FIGURE 4, signals Y1 and Y2 are nearly
25 identical in magnitude and they are phased by 180 degrees with
respect to each other. Signals Y1 and Y2 are differentially
symmetrical signals because of the differential symmetrical
configuration. Thus, crossover points in signals Y1 and Y2, such-ds ~
points CO, that occur when the instantaneous values of signals Y1
30 and Y2 are simultaneously the same, occur at the opposite phase.
Advantageously, the crossover points CO are nearly equally
spaced in time as a result of the aforementioned differential
symmetrical configuration. Because of the symmetrical
configuration, the duty cycle of signal Clk is, advantageously, not
35 affected by gain variations and temperature caused component
variations. Therefore, advantageously, a relatively simple
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To control the frequency of RCVCO 53, sync signal
15 HSRef of FIGURE 1 is coupled to a frequency detector and control
stage 55. FIGURE 5 illustrates a flow chart useful for explaining -
the operation of PLL 100 of FIGURE 1. FIGURES 6, 7A and 7B
illustrate corresponding portions of stage 55 of FIGURE 1 in more
detailed block diagram. Similar symbols and numerals in FIGURES
20 1, 2A-2C, 3-6, 7A and 7B indicate similar items or functions.
In the portion of stage 55 that is shown in FIGURE 6,
_signal HSRef is coupled to an input terminal Clear/Enable of a 13-
bit-counter 56. Signal Clk of RCVCO 53 of FIGURE 1 is coupled to
_ an input terminal CLOCK of counter 56 of FIGURE 6. FIGURES 9a
25 and 9b illustrate an example of the .pulses of signals ClkDiv and
HSRef, respectively, of FIGURE 6. Similar symbols and numerals in
FIGURES 1, 2A-2C, 3-6 7A, 7B and 9A-9C indicate sumlar items or
functions. o
“Counter 56 of FIGURE 6 counts pulses of signal Clk that
30 occur during a given period H and referred to as an interval
MEASUREMENT in FIGURE 9b. At the end of interval .
MEASUREMENT, counter 56 of FIGURE 6 contains a binary word
signal NCL. Signal NCL has a numerical value that is equal to the
numbér of clock pulses or periods of signal Clk that occur during a
35 given period of signal HSRef. Thus, signal NCL contains the ratio
between the frequency of signal Clk and that of signal HSRef.
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produced in apérﬁid?*HQ?f s%ﬁa HSRBfQﬁH'ﬁﬁ% valichusipnal Nemals fitashred! and
coupled to ageneraQed' nput termnal of J-K flip-flop 63.
Stored signal Nerr is read out at an output of latch 57
as an output signal NERR. Error signal NERR has a value that is
15 “equal to a difference between the number of clock periods of
signal Clk that occur during the given period MEASUREMENT of
signal HSRef of FIGURE 9b and the number of clock periods of
signal Clk of FIGURE 6 that occur during the period of signal ClkDiv
of FIGURE 9a. Such difference is zero and represents no error, for
20 example, when PLL 100 of FIGURE 1 is in a phase-lock condition.
Thus, signal NERR is indicative of a cycle related or frequency
error. The measurement operation in which signal NERR is
. developed is depicted in a flowchart path 197 of the flow chart of
FIGURE 5.
25 Frequency error indicative signal NERR of FIGURE 6 is
coupled to an input of an absolute value forming stage 58 of
FIGURE 7A that produces a bianry word signal |Nerr|. Signal
|Nerr| is equal to the absolute value of signal NERR. Signal |Nerr! - -
is compared in a comparator 59 with a constant value word signal
30 THRESHOLD_] that is equal to 8% of the magnitude of word signal
NSET. The desired period length of signal ClkDiv is contained in
word signal NSET. Comparator 59 generates a word signal 59a
when. the error-in the length of the period of signal ClkDiv, as
measured by the number of clock cycles of signal Clk, is greater -
35 than 8% of the desired period length of signal ClkDiv.
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sign change flip-flop 63 is obtained should, in each of the 32 immediately
preceding periods H of signal ClkDiv, the error in the length of the
period of signal ClkDiv, as provided by the value of signal | Nerrl,
be greater than 8% of the desired period length.
15 . As long as such 32 periods H of signal ClkDiv of FIGURE
9a have not elapsed, RCVCO 53 of FIGURE 1 is not affected,
referred to as an idle mode operation and depicted in a path 194
-of the flow chart of FIGURE 5. Advantageously, the idle mode
occurs in a manner to prevents the occurrence of the coarse
20 frequency correction mode, for example, throughout a vertical
' blanking interval (VBI). During the vertical blanking interval,
equalizing pulses EP of FIGURE 1 occur. Pulses EP have a period
that is one-half of period H. Therefore, equalizing pulses EP in
~ signal HSRef of FIGURE 1 produce a value of error signal | Nerr | of
25 FIGURE 7A that is greater than 8% of the desired period length.
However, because the number of equalization pulses EP of FIGURE
1 is smaller than 32, counter 61 and "OR" gate 62 of FIGURE 7A
prevent signal CFR from attaining the TRUE state, throughout the - - -
vertical blanking interval. Therefore, operation in the coarse
30 frequency correction mode is prevented. As a result of the
operation in the idle mode, advantageously, the phase of RCVCO
53 is not-disturbed throughout the vertical blanking or retrace
interval.
Assume that the number of periods of signal ClkDiv in
35 which error signal | Nerr | is greater than 8% of the desired period
length exceeds 32. This situation is indicative of a large frequency
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conpared in 2080198 an 933056&5?@9 Fd% ﬁ Sd inalb5 digital
word si gnal THRESHCJ-D[ BIGURE 10 1Ilustrates a more detailed diagram of
charge pump stage 54 of FIGURE 1. Similar symbols and numerals
15 in FIGURES 1, 2A-2C, 3-6, 7A, 7B, 9a-9¢ and 10 indicate similar
items or functions. The table in FIGURE 10 provides the direction
of signal flow and the state of the switches in stage 54.
Throughout the coarse frequency error correction mode, charge
pump stage 54 of FIGURE 10 produces analog control signal VCOCV
20 of RCVCO 53 of FIGURE 2A at a constant level that is equal to
reference voltage VREF, provided via a switch SW1 of FIGURE 10.
Signal VCOCV of FIGURE 10 is established approximately at its
middle voltage variation range.
In the coarse frequency error correction mode, a S-bxt
25 binary counter 66 of FIGURE 6 counts up or down alternate pulses
of signal ClkDiv. The direction of counting in counter 66, up or
down, is determined in accordance with the state of a most
significant or a sign bit SIGN of word signal NERR. A 5-bit output
word signal CFRL(4:0) of counter 66 is coupled to an input of a
30 decoder 64, referred to herein as a "thermometer” decoder.
Thermometer decoder 64 produces the aforementioned 32
separate control signals CF(4j+i) by decoding the 5-bit signal
CFRL(4:0). .
The table of FIGURE 8 shows those of signals CF(4j+i) of
35 'FIGURES 2A, 2B and 8 that are at the TRUE state and those that
are at the FALSE state for each value of 5-bit word signal
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signal ClkDiv. It follols thqapogrsgnﬁremmwwemqwaaoga ias
indicative of nidi3ubé/ReAMGE stlquenéérainft 70 of OFFGURE S generates a signal
CFR_Enable that enables counter 66 to count up/down alternate
15 pulses of signal ClkDiv. Alternate pulses of signal ClkDiv occur in
' alternate periods H of signal HSRef. Only during intervals
CONTROL, that occur in alternate periods of signal HSRef of FIGURE
Ob, between intervals MEASUREMENT, signal CFR_Enable enables
counter 66 of FIGURE 6 to change states. During the other
20 alternate periods of signal HSRef of FIGURE 9b, when intervals
MEASUREMENT occur, the value of signal NCL is measured, as
explained before, but counter 66 of FIGURE 6 does not change
states. Counter 66 does not change states while signals NERR or
NCL of FIGURE 9b are being measured. By preventing counter 66
25 of FIGURE 6 from changing states, during a given interval
MEASUREMENT of FIGURE 9b, the frequency of RCVCO 53 of
FIGURE 1 does.not change at the same time that the frequency of
RCVCO 53 is being measured. Thus, a given switching step in the- - -
coarse frequency correction mode requires two horizontal clock
30 pulses of signal ClkDiv and occurs every pair of periods H. As a
result of not having the frequency of RCVCO 53 changed when it is
being measiired, a more stable and precise frequency control
operatlon is obtained.
For explanation purposes of the coarse frequency error
35 correction mode, assume that, in a given interval MEASUREMENT
of FIGURES 9a and 9b, denoted as interval 602, the measured

-
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incremented or decremented in accordance with the sign bit SIGN
of signal NERR of FIGURE 6. Because additional pair of capacitors
is coupled to the positive feedback paths, a decrease in the
frequency of signal Clk occurs. On the other hand, if the -
frequency of signal Clk is lower than required, a pair of capacitors
CA(4j+i) and CB(4j+i) of FIGURES 2B or 2C would be switched out
or decoupled from the positive feedback paths. The capacitor
switching occurs in the immediately following interval CONTROL,
or interval 603, of FIGURES 9a and 9b, causing an increase in the
frequency of RCVCO 53 of FIGURES 2A-2C. :

Thermoter decoder 64 of FIGURE 6 operates in such a
way that a change of state in counter 66 causes only one pair of
switched capacitors in the corresponding pair of positive feedback
paths, respectively, to be switched in or out and no other pair of
capacitors is affected, as explained before. Therefore,

60a

advantageously, the change, increase or decrease, in the frequency - '

of signal Clk of FIGURE 2C is monotonical and not affected by
component tolerances. Thus, for the entire f:jequency range, the
ftequency of signal Clk is proportional to the value of word signal
CFRL(4:0) of FIGURE 6. ' " ,

' For explanation purpose, assume that prior to the end
of a given interval CONTROL, denoted as an interval 601, of
FIGURES 9a and 9b, the value of signal CFRL(4:0) of FIGURE 6 is
equal to 23. The value 23 corresponds to j=5 and i=3, since
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not be - to j=6 and i=0 since 4j+i=24, On y capacitors 4) and CB(24) in
banks- SWA(0) and SWB(0), respectively, of FIGURE 2 will be
switched in and coupled to the corresponding pair of positive
feedback paths in RCVCO 53 at the end of interval 601 of FIGURES
15 9a and 9b. The switched capacitors that were already coupled to
the corresponding positive feedback paths, prior to the end of
interval 601 of FIGURES 9a and 9b, will not be affected by the
increment of the value of signal CFRL(4:0) of FIGURE 8. In this
way, capacitors CA(4j+i) and CB(4j+i) of FIGURES 2B and 2C are
20 switched in or out in a progressive or monotonical manner.

In each interval CONTROL of FIGURE 9b, the ‘change in
the frequency of RCVCO 53 of FIGURES 2A-2C is approximately 4%
of the entire range of operating.frequencies of RCVCO 53. Thus,
the entire frequency range of RCVCO 53 can be sequenced in 32

25 capacitor switching steps or fewer.

Sign bit SIGN of signal NERR of FIGURE 7A is coupled,
both delayed and .undelayed, to a pair of input terminals of an
exclusive or gate 69. The delayed sign bit is produced in a latch .
68. Gate 69 produces an output signal 69a that is coupled to a K"

30 input terminal of J-K flip-flop 63.

Advantageously, switched capacltors CA(43+1) and
CB(4j+i) are switched in or switched out of the' positive feedback
path in steps of a negative feedback loop. The generation of signal
CFR is disabled and operation in the coarse frequency error

35 control mode ceases when the difference between the measured
and expected lengths of the period of signal ClkDiv, as determined
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: subtractor 70 is obtamed in an absolute value forming stage 72
and is compared in a comparator 73 against a value contained in a
15 digital word signal THRESHOLD_2.
Assume that the period length error of signal ClkDiv
changes, from a given period H to the immediately following one
of signal ClkDiv, by less than 2% of the expected period length of
clock signal ClkDiv. The 2% threshold value is contained in signal
20 THRESHOLD_2. Therefore, a signal CONSISTENCY, embodying an
inventive feature, is generated in an output 73a of comparator 73.
Thus, signal CONSISTENCY is generated when the magnitude of
signal NERR varies by no more than 2% of the value of signal NSET
_ of FIGURE 6 from one clock period H to the immediately following
25 one of signal ClkDiv. It follows that signal CONSISTENCY of FIGURE
) 7B is indicative of the presence of a stable and noise free
synchronizing signal HSRef and error signal Nerr.
' Signal | Nerr| of FIGURE 7A is compared with a Vo
constant value that is equal to 2 in a comparator 60. Comparator
30 60 generates a signal 60a when the error or difference in the
period length of signal ClkDiv with respect to that of signal HSRef
is smaller than 2 clock periods of signal Clk.
Assume that all of the followings occur: signal
CONSISTENCY of FIGURE 7A is produced, the value of signal |Nerr|
35 is greater than or equal to 2, but smaller than 8% of the value of
signal Nset, as provided in signal 60a of FIGURE 7A and signal CFR
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15 In the fine frequency error correction mode, signal FFR
of FIGURE 7A controls the operation of charge pump stage 54 of
FIGURE 10 for varying analog signal VCOCV. Variation of signal
VCOCYV causes the frequency of RCVCO 53 of FIGURE 1 to vary in a
gradual manner and without switching steps of the switched

20 capacitor, unlike in the coarse frequency error correction mode.

Signal NERR of FIGURE 6 is coupled through a word
limiter 75 to a pulse generator 76. Limiter 75 produces an eight-
bit, 2's complement word signal 75a from the least significant
eight bits of signal NERR. Signal NERR is a 13-bit word signal.

25 Should the magnitude of signal NERR be larger than what can be
represented by eight-bit word signal 75a, signal 75a would be
established at a value that is equal to the upper limit, positive or
negative, of an eight-bit, 2's complement word. Word signal 75a-
is stored in a binary counter, not shown, of a pulse generator 76.

30 Pulse generator 76 generates a pulse of a signal FFR_UP or a pulse
of a signal FFR_DN, in accordance with bit SIGN of signal NERR.

"A given pulse of output signal FFR_UP has a pulse
width that is proportional to the magnitude of error signal NERR

| and is produced when the value of signal NERR is negative. Signal

35 FFR_UP occurs when the frequency of signal Clk is lower than

required. Similarly, a given pulse of signal FFR_DN has a pulse
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coupl ed througly 'a%h of the corresponding one of a pair of switches SW3 and
' SW4. When the pulse, of signal FFR_UP is generated, switch SW3
couples a positive pulse current I3 to a terminal 54f. Similarly,
when the pulse of signal FFR_DN is generated, switch SW4 couples
15 a negative pulse current I4 to terminal 54f. _ '
A capacitor Cint, formed using an integrating circuit
fabrication technique, is coupled in parallel with a discrete
capacitor Cext via switch SW1. This is done by having the selector
of switch SW1 coupled to terminal S4f in the fine frequency
20 correction mode. The control of switch SW1 is shown by the table
in FIGURE 10. Consequently, capacitors Cext and Cint are charged
in parallel, when signal FFR_UP is produced, by.an amount that is
proportional to the pulse width of signal FFR_UP. Capacitors Cext
and Cint are discharged, in a similar ‘manner, when signal FFR_DN_
25 occurs. Signal VCOCV is produced in capacitor Cext and is coupled
to RCVCO 53 of FIGURE 2A. |
Similarly to the coarse frequency error correction
mode, and for similar reasons, during intervals MEASUREMENT,. - -
that occur during alternate periods H of signal HSRef of FIGURE 9b,
30 the frequency of signal Clk does not change simultaneously with
the measurement of the frequency error. Charging/discharging of
capacitors Cint and Cext of FIGURE 10, in accordance with signal
NERR, is enabled only during the other alternate periods intervals
CONTROL of signal HSRef of FIGURE 9b. During operation in the
35 fine frequency error correction -mode, the difference between the
period length of signal ClkDiv and that of signal HSRef is brought

REPLACEMENT SHEET
02 OCT 199




correspondi ng ope qf aTh%i$°r5?Ct%°\/\%! ﬁ\ eutthar%ulist iprocét)l(cﬁd bi ol .'VCOCYld |
t hr ough t he &rtﬂﬁsﬁﬁﬁdf‘%ﬂuﬁﬂ%y SITOF gofTectipn B}ﬂ%g’s ‘%@p ﬁ%rﬁ}glfé—?d%[ o the
gg: ; g:pggg: Eofahe entire foequency rangerefl ROV@ONS3 fSEIGURES 2402Cf t he
si gnal p_FFR[ e?P? {:%BP%’S g‘égﬁ‘é‘?ﬁ?{é‘é,ﬂwsbsfﬁ g% ;h% \é\ga a%ﬁtﬁ%ﬂﬂ{ﬁ%gé °
current 1@ trange dhat [averkps. ezghyinapge 0 CNEaCs) #SS ‘G?e‘fsi |2FFRDN i s
gi][‘er it Sgioaiy{‘g?h 8@&\?&?9?@5 dlf5?iﬁﬁalse€icl?(4jﬂ€i? Flhihls occurs m:th?%mrsa er m nal
techni que, i rcagﬁﬂ?%aerfﬂpﬁgﬁgﬁ#&n %ﬁ%‘anﬁgcﬁtse%g g%%%lg#lf o%s %gmaq@%ogwi tch
SWL.. This i sbefore, thehtangey ofhfrequenciesrassociated with a given switching
step in the coarse frequency error correction mode is equal to
15 approximately 4% of the entire frequency range of RCVCO 53.
Advantageously, the correction range of signal VCOCV is still
sufficiently small so that sensitivity to noise is reduced.
In carrying out an inventive feature, when signal
CONSISTENCY of FIGURE 7B is not generated, the idle mode of
20 operation occurs. The idle mode occurs when, for example, signal
HSRef of FIGURE 1 is contaminated with noise. In the idle mode
that occurs as a result ¢f signal CONSISTENCY not being generated,
switch SW1 of FIGURE 10 decouples capacitor Cext from terminal
54f. Therefore, capacitor Cext of FIGURE 10 is neither charged nor
25 discharged and signal VCOCV is maintained relatively constant. In
the idle mode, signal VCOCV is coupled via a unity gain amplifier
and a switch SW2-to capacitor Cint such that the capacitor voltage
in terminal 54f of capacitor Cint tracks the voltage of signal
VCOCV. The control of switch SW2 is shown by the table in
30 FIGURE 10,
Assume that after an interruption interval in signal
HSRef of FIGURE 1, normal operation signal HSRef is restored such
that signal CONSISTENCY of FIGURE 7B is again produced. Because
of the operation in the idle mode, signal VCOCV of FIGURE 10 is
35 not disturbed and is more likely to be already maintained at the
approximately required level for steady state phase lock
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HSRef of FI cchecked by 'signal HSRef and reset by signal ClkDiv. Flip-flop Slc
generates a given pulse of signal FPH_UP of FIGURE 12c when the
15 leading edge of signal ClkDiv of FIGURE 12b lags behind that of
signal HSRef of FIGURE 12a. A D-type flip-flop 51d of FIGURE 11
is clocked by signal ClkDiv and reset by signal HSRef via a one-
shot multivibrator 51f. Flip-flop 51d generates a given pulse of
signal FPH_DN of FIGURE 12g, when the leading edge of signal
20 CIkDiv of FIGURE 12e leads that of signal HSRef of FIGURE 12a.
The pulse width of each of pulse signals FPH_UP and FPH_DN is
proportional to the phase difference. Only one of pulse signals
FPH_UP and FPH_DN can be generated at a given period H.
Pulse signal FPH_UP or FPH_DN of FIGURE 7B is
25 coupled via an "OR" gate 80 to a 3-bit binary counter 81. When
the pulse width of either pulse is smaller than 2 clock periods of
signal CIk, that is indicative of a relatively small phase error, an
output signal 81a is at a FALSE level. Signal 81a is coupled via an -
inverter 82 to an input B of an "AND" gate 83. Frequency error
. 30 indicative signal 60a is coupled to a second input A of gate 83.
Signal 60a is generated when signal |Nerr| is smaller than 2,
representing 2 clock periods of signal Clk.
For example, following operation in the fine frequency
error correction mode, when both the phase error is small, as
35 indicated by signal 81a being at the FALSE level, and the
frequency error is small, as indicated by the generation of signal
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signal HSRef FIGURE®S. In 3he fine phase error correction mode, analog signal
VCOCYV of FIGURE 10 that is proportional to the phase error is used
to acquire and maintain phase lock condition.
FIGURES 13a-13d illustrate waveforms useful for
15 explaining the operation in the fine phase. error correction mode.
Similar symbols and numerals in FIGURES 1, 2A-2C, 3-6. 7A, 7B, 8,
9a-9¢, 10, 11, 12a-12g and 13a-13d indicate similar items or
functions.
When signal FPH of FIGURE 7B is generated, signal
20 FPH_UP, alternatively, FPH_DN, of FIGURE 10 is coupled through
multiplexers 54a and 54b and through gates S4c and 54d to
terminals 54ca and 54cb of switches SW3 and SW4, respectively.
Signal FPH_UP, alternatively, FPH_DN is applied to capacitors Cint
and Cext in the following three dperation' sequence that occurs
25 during each period of signal ClkDiv of FIGURE 13B.
In the first operation of the aforementioned three
operation sequence, switch SW1 of FIGURE 10 is at a position
HOLD. Should the pulse of signal FPH_UP be generated, switch . . -
SW3 wauld couple positive pulse current I3 to terminal 54f.
30 Similarly, should the pulse of signal FPH_DN be generated, switch
SW4 would couple negative pulse current I4 to terminal 54f.
Capacitor Cint is charged when signal FPH_UP is produced by an
amount that is proportional to its pulse width and is discharged
when. signal FPH_DN is produced. Thus, capacitor Cint and
35 currents I3 and I4 operate as an integrator or a low: pass loop
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to within 2 pespeeraﬁgnéérpfoﬂgp&w eenerges,a pulse ﬁb&t@lﬁw(zvfcﬁl@mﬁen od
H of signal HSIBG&ndTlR tollowirig cire tailing tédge of stymad ClDikyof RIGURECOCV in

the f f th
entire {1 equendycy gié% Ff%@‘@?@%?ﬁ%ﬁép"%ﬁw {“Sér'rel‘& s, "
advant ageous| y SWStCQn W2t FIGHRE, 119 iopeanand, switche SW1, toseouplenat

overlaps epgh tcap ﬂﬁt&f Cexe Woe RérnfifiaP S40CT Thas, Wapacwm@l cin aid LCéxktngrest ep

o o O R R T et B o s
associ ated wit hnaacgpordammthhl that sofc gapacitore CGiotirand fis edpterminedr byr the
correction nmodendssup€¥3phdsé error. In this way, charge transfer occurs
between capacitors Cext and Cint. .
15 -~ In the third operation of the sequence, generator 85 of
‘FIGURE 6 generates a pulse signal INIT of FIGURES 6 and 13d
following pulse signal CHK of FIGURE 13c. Pulse INIT causes, in 4
manner not shown, switch SW1 of FIGURE 10 to be in position
HOLD and switch SW2 to be closed. In this way, the initial
20 condition voltage is maintained in capacitor Cint the same as in
larger capacitor Cext in preparation for the next first operation in
the next three operation sequence the next three operation
sequence occurs in the next period of signal ClkDiv.
Advantageously, signal ClkDiv may suffer from less than, for
25 example, 2 ns jitter in the fine phase correction mode.
Fine frequency/phase control signal VCOCV of FIGURE
1 is also coupled to a comparator 91. A signal QUT-OF-RANGE
would be generated by comparator 91 should the magnitude of. - -
signal VCOCV be -outside a predetermined voltage range. Signal
30 OUT-OF-RANGE is indicative of a situation in which signal VCOCV
approaches a magnitude that is outside a linear control range of
operation of RCVCO 53. When signal QUT-OF-RANGE is produced,
PLL 100 begins operating in the coarse frequency control mode
that' was explained before. Flow chart paths 214 and 215 in the
35 flow chart of FIGURE S depict such situation.
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5 difference between the leading edge of signal HSRef of FIGURE 12a

15 [ () ' 3

Advan'f1 ggégﬁ;ﬁi@‘! %#eégg?éneatlc?? lolﬁﬁ&:aéggl g?ﬂglggna r@%ﬁ{’asﬁgylgﬁ;‘stgf Plcientl y
smal | so t hagrestarsthan, 2t glock prsiods of signalcelk of FIGYRE AB. signaln8iaventive
feature, whewoald geRbEMSTENSIEmal §1:00REsBal Hipflopo@detaitted "séthe idl e

Conal Horer ST ) eernte” Bl ouBhE slenal SECAN - oiikndl PR L&D § 5T 5k ¢ ha
occurs 49D a eeupled o flipdiep SdonsndTHICOf nphaseedetgctprnéil a0k FIGHREch SWL of

FI GURE 10 dePPUﬂlaESORapﬁﬁtés()Slfeﬁﬁd Eﬂﬁnfére{éﬁﬂﬁhtiﬁgf oreg%ﬁ’éiﬂgea capaci t or
Cext of FIGURE,10 i 25 disch | VCOCV i
mai nt i ned rGAINE ERgecohdkn ek ghourring pulse ‘of Signal FPH_UP of -

FPH_DN. Thus, advantageously, in the fine phase error correction
mode, when detector 51 controls stage 54 of FIGURE 10, detector

15 51 of FIGURE 11 is prevented from varying the frequency/phase
of signal Clk by an excessive amount in each period of signal
ClkDiv, : _

Signal 81a of FIGURE 7B at the TRUE level that is
indicative of a large phase error is coupled to an input C of an

20 “"AND" gate 90. Signal CONSISTENCY that is indicative of consistent
frequency error from one period H of signal HSRef of FIGURE %b to
the immediately next one, as explained before, is coupled to a
second input A of gate 90 of FIGURE 7B. Signal 60a that is
indicative of a small frequency error, when the value of signal

25 |Nérrl| is smaller than 2, is coupled to a third input B of gate 90.
Gate 90 generates a signal CPH_RST when all the three signals,
81a, 60a and CONSISTENCY, are generated. Signal CPH_RST is
coupled to a clock input of a D-type flip-flop 91. An output Q of -
flip-flop 91 is coupled to an input D of a D-type flip-flop 92 that

30 produces a pulse signal RST when the leading edge of signal HSRef
occurs following the generation of signal CPH_RST.

Signal RST is coupled to +N counter 52 of FIGURE 1 for
presetting the flip-flops, not shown, of counter 52 in a manner to
provide an immediate phase lock between signals HSRef and

35 CIkDiv. Thus, signal RST provides a coarse phase error correction
‘mode of operation. Flow chart paths 210, 211 and 212 in the flow
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2 HIOUGCE LS oulaincd. 111§ mogé can occur wnen, ior example, the
the idl e node phasgrafl Simmbl‘ISBeﬁ:oﬁdl-'lé}iJREalathanusypxgduocdariplafvudafo I
switch SW2 t o reaprder! h a na
54f of capaci re h.t %ﬁ%ﬁ%ﬁaﬂg a&%l%n &Zupg‘ﬁffﬁ”?\f&@# %g}@)lnt
switch SW2 is pi I}b e CPArSS phpseygRror Gorketion: i raecontp @lhedn
i nterruption |mersrgnal ipath dreewe¢iSIRC VPO BIGIREFIGURE Teand phasé i on 'si gnal

a
b oduced. f%ZL%“é‘“a C"g**‘i%eﬁ*a g Wﬂ@*ﬁ#@ltﬁ%ﬁ%ﬁ?ﬁ Yol F1 e
10 is 35 not SaAdfesylt $|4@“9t 05 90arsg (phasg oasractionadlieat t he
appr oxi mat el yphaspuofeslighalléﬂlkmv i3t gligived vtk thapof $igakl HSRef without
significantly affecting the phase of signal Clk. In this way,
advantageously, transient disturbance in RCVCO 53 is ehmmatcd
15 or significantly reduced.
In carrying out a further inventive feature, should
signal 81a of FIGURE 7B that is indicative of a large phase error be
generated and signal CONSISTENCY, that is indicative of a stable
sync signal HSRef, not be generated, signal RST would not be
20 generated and the idle mode of operation would occur. Flow chart
path 213 in the flow chart of FIGURE 5 depicts this way in which
the idle mode is obtained. The advantage of operating in the idle
mode and preventing the coarse phase error correction when
signal CONSISTENCY of FIGURE 7B is not generated is that
25 disturbance or transient in PLL 100 of FIGURE 1 may be reduced.
~ Such disturbance may be reduced when, for example, the duration
of the interruption in signal HSRef is short.




¥ &t " A S WS SGAST GG & e

22 operat on after the Fnt & ARPAEAUS -for, ggRerating, QHaPS%BQEFthg“BI ended.
Thus, transi ethatcisnlbakedn to m BynchamizingFsignak comprising: advant ageously, of

short durati on. Fl GURE 4 ledrtfdIHBIE! SicilldtdP e Winerhnify Phad Cotkihigtdgr 51 of

FIGURE 1 that s klsed in a phase error correct oper ation:
FI GURES 12a- 19@M@H ustrate corresponding wavefornms. 1 0 .Sinilar syntols
and numeral s in Fl GURES Isoudde 2§t s@id6 synchrotitking, signal at a frequency

10 that is related to a scanning frequency;
means responsive to said oscillatory and synchronizing
signals for.generating a first signal that is indicative of one of a
cycle related error therebetween, said first signal being coupled to
a control input of said oscillator for correcting said cycles of said
15 oscillatory signal to correct for said error in a negative feedback
loop manner; and
means coupled to said first signal generating means
for comparing said error that is measured in a given pair of
periods of said synchronizing signal and for disabling the
20 correction of said oscillatory signal when a difference between
said error that is measured in said pair of periods is greater than
a first value. '

2. An 'apparatus ac_cbrding to Claim 1 wherein said
25 first signal is indicative of frequency error.

3. An apparatus according to Claim 2 wherein when
said frequency error between said oscillatory and synchronizing -
signals exceeds a second value and said difference is smaller than

- 30 said first value, said apparatus operates in a fine frequency error
correction mode and when said frequency error is smaller than

said second value said apparatus operates in a phase error
correction mode.
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first signal eneratmg means comprises a phase detector for

of FIGRE ﬁls%ﬁ‘?faﬁé? 3 %&'@E o s iibRig R, Phasd RG] GRig" ©

HSRef and r esesciblatarnyyaad @wpﬁmmmao-m wlsp W gm@r@alds asa@lmen pul se of

si gnal FPH[ er pldddsOtompridds hrsansh€or tth@as]urﬁx% | qadi ﬁﬁf@t&‘éeobcﬁwwﬁ'a d kDi v
of FI GURE 12b Iags behi nd that {%s na oI;L'SR of . FI a. A Dtyp
K

flip-flop 51df ISAYERCURETAn q‘sa é*rk vpeé'h sréggt by si gnal
HSRef vi d @ ofwequehcy. emor iini brmdSp&no&l of) -siafid paid dofg periods candy gi ven

%0 G ko v ?,f”@{!‘ﬁﬁg%?m 28, st Crobf Jexchas, oRodi Vil g a0
pul se wi dth ofilfjgﬁﬁﬂ‘icef lspllﬂ‘ a[%“’ﬁnﬁ?L Saji '&?RFM:IQI[Q}'H‘ zE§N‘$ drot
inconsistent, said apparatus operates in a coarse phase’ error
correction mode.
15 .
5. An apparatus according to Claim 1 wherein said
error -comparing means compares said error that is measured
during a first horizontal line period with said error that is
measured during a second horizontal line period.
20 :
6. An apparatus according to Claim 1 wherein said
difference is indicative of an inconsistency of said error.
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proportional to the phdscPRAse: detacter o, @y phiase- Eﬂ’c‘i)&?%% %‘F%lﬂél MEEBIGP and
FPHDN can be agphaseatembratbemgewan mtpmd si/gnalpu&b%@ns iogeidlaterriandr 8] UP or

FPH DN f {
[err] DN o 3% g{i}%?ﬁ % o se i hai@eﬁﬁce%t@é’élﬁ the bﬁas% Zrior

bi nary counte ti % g Is sngller.than 2
cl ock™ peri odd$haf ‘%l'ﬁﬁ&’f“‘ km 8 BRI, 9 hﬂﬂ%ﬂi‘c‘? 1ng; Pgriods 6x<reny 4 first phase
error, ahooutmagmsudmakhﬁlés |mdaGatazeFuESﬁhtsn/e:lrrorsltgmthsxmacys theupl ed vi a

| ! 30
?Ed: Qgtelrvgr& ats? @tg h@pbgclﬁaﬁbf daii'ta) conég fot: c&t‘é@&f‘%&ideﬂ{ r

a 3. Signal 60a
i s generated R(‘il@é -lefk QPP[QFF]NI\BWWE%? r‘]‘ an IF\@ﬁet ﬁgnoéer‘%@ Bt esenting 2
cl ock periods of signal dKk.
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For exanple, folll owi ng operat#on in the fine frequency errpr correction
node, when bot hthe phase ‘is small, as 35 indicated byjs' nal 81 a
bei‘'ng at the FAISE | eyel Ne—frerercy ST ToTr TS aé I} a ndi cat ed by
[
F

the generation ¢f signapy b0a, .gate 83 generates: gne'l-'-FPH. As a
result, a fine ghase 5 ‘err freeki on npdes occurs. w chart paths 202,
206, 207 and 208 in t¢he flo art of FlI GURE#S depict the pay the fine
phase
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error correction node i s obtained.

unlike in the fine and coarse fre

error 10 is both
of FI GURE 9b.

of FIGURE 10 that is proportiNon
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functions. Wen signal FPH of FIGURE 7B is generated, signal 20

FPH err] UP, alternatively, FPHDN, of FIGURE 10 is c | ed ugh,
mul ti pl exers 54a and 54b and t hrough gat es 54c -l r.mn.qlls 54ca
and 54cb o! switches SWB and SW, respectll 1"* S|,gn |- SWFGARL Br r ] UR,
alternativgly, FPHDN is applied to capaci tbr secrrt— h
foll ow ng tihree operati on sequence that o uMITo. e perli od of
signal CkDiv of FIGURE 13B. In the first o i of e af rant i oned
three operation sequence, swggh SW ofCF(l’-Mmf;%lpoi t ol r] HOLD.
Shoul d the jpul se of signal FPH err] UP be gene'al_ga_d_,___ T ... 0

! | MP8 | m:“"” o’ =1 o

| st —q

S
= = CR) L

RS SW- SW-
5115( 1K (i) |CAP # L FL low |
i 1 W _I_‘swa(m SHB() e it

FIG. 2B
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SWB woul d lcoupl e positive pulse current 13 to termnal 54f. 30 Simlarly,
shoul d thg pul se of signal FPHDN be generated, swtch SW woul d coupl e
negative pul se current 14 to termnal 54f. Capacitor Cint is charged when
si gnal FPI—I[ err]UP is produced by an anmount that is proportional to its

th

pul se width and is dischargedVwhen si gnal FPI—&QL@S produced. Thus,
capacitor Cint and 35 currelfts 18 a,%i 14 ope as an integrator or a |low
pass | oop 24 MPi1 Fde} }}13‘2\ TN2) Rﬁ{\ TA3) R15KA TA4)

| tst—

| A TOAL A
- c%.ap; e .SP; wg

l_ql -1 Loowd L) 534

- w| oW w oW

mm A

= ) WL
Co ® (-»g%; GPI)’CS\XP »T 1P_:_—|'_'_
, T g =0

b TAQ) (P)

‘(Jlam
\

Toswee saa
CF49)

MP1

, n—o|

Ck . .-

REPLACEMENT SHEET
| | 0200T®9s | |




filter that develops in capacitor Cint a voltage proportional to the phase
error. .5 In the second operation of the sequence, a pul se
generator 85 of FIGURE 6 generates a pul se signal CHK of FIGURES 6 and 13c
following the trailing edge of signal kD v of FI GURE 13B. Pul se si gnal
CHK of FI GURE 6 causes, in a manner not shown, switch SW2*of FIGURE 10 to
open and switch SWL to couple 10 capacitor Cext to term nal 54f. Thus,
capacitors Cint and Cext are coupled in parallel. Therefore, the charge in
capacitor Cext varies in accordance with that of capacitor Cnt and is
determ ned by the measured phase error. In this way, charge transfer occurs

o TB{)
F(dojsi
Kb I-—MI—| Sk
CA(4+j+i) == 2P CB{d+j+i) == .2P

FORi:=0T03 FORj:=0TO7

FG.3

REPLACEMENT SHEET
020CT 1% |




bet ween capacitors Cext and Cnt. 1 5
t he sequence, generator 85 of FIGURE 6 generates a pulse signal INIT of

FI GURES 6 and 13d fol |l owi ng pul se signal
causes, in a manner not shown, sw tch SMA of

HOLD and switch SW2 to be5d
vol tage is nmaintained.in cap
Cext in preparation for tgfs
operation sequence the ne

period of signal kD v. Adv

In the third operation of

CHK of FIGURE 13c. Pulse INIT
FIGURE 10 to be in position

nitial 20 condition

I n | arger capacitor

t he next three
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I -
25 exanple, 2 ns jitter in the fine phase correction node. -.Fi ne
frequency/ phase control signal VCOCV of RKIGURR 1 is also coupled to a
conparator 91. A signal OUT- OF- RANGE woulRi—Rf at e@by conmparator 91
shoul d the magnitude of. signal VCOCV be o 0 :
range. Signal 3 0 OUT-OF-RANGE is indicajs
VCOCV approaches a nagnri tude that is outpi

y ch signal
ange of

operation of RCVCO 53. Wen signal OUT- |00 begi ns
operating in the coarse frequency contro as exgai ned|bef ore.
Fl ow chart paths 214 and 215 in the 3 § FI GURE 5 depi ct such

situation.

MEASURE NERR |'\197

REPLACEMENT SHEF!
02 0CT 1998




52E8
25 Shoul d the phase err

peri ods of signal Cd Kk |G
8la causes a flip-flg
PE[ err] LAT. Signal R
phase detector 51 o

FG.6

REPLACEMENT SHERT

T i

-

is Sheet Has Been Replaced

i




11 via "OR' gates
of the then occur
advant ageousl y,

each-period of sign
that
"AND' gate 90. Signdl
frequency error fror

Qs
= g

one

ul se of signa
i PN fine phase error corme
controls stage 54 ofh FIGURE 10, detector 15 5 _Qfaglgpag 11
fromvarying the frequency/phase of S|gnal ;

is indicative gqf.a Iarge phase C
CONSI STENCY  t

FPHUP gr

G k [ -‘_

J;
ﬂsik

60a

T:EB 2 ‘—ég - B §§t~é§¢u
_( %g | &5 ? ™
Te'S E% % 5= S
5 (& ¥ 1eg 53
= | B2 s
iR
= |<8a k<§m
g2 fds 1
§§' g?—i
. ‘: = |
8
G

=7 INerl
ABSOLUTE
A VALUE W

13

REPLACEMENT SHEET

02 0CT 1998

a trailing edge

hus,

n detector 51
IS prevented

ve anmount in

FIG. 7A



t he i mMmedi atel|y next :
A of gate 90 gf Fl GURE &
frequency errdr; whep.J
than 2, is coupled

si gnal CPHRST
generated. Si
91. An output Q

aS exXprarned betor e,

'S
gal 60a that is md} catlveg a snjl |
| uq [ €

d gﬁ{%l

coypeb e

ferr] Jis smaller

g i gnal 25 rr] er
% of gate 90. : ¥

81a,°==,60
a cl

dl ng edge of

S Si gnal RST
Is coupled to
L T
1
53| & Sl =
...5 g %  s-{s it B3
<8 | 8 T
& eu | = :
| = gg = E = g
. |g5| 2k .
L= — |
I 5%
L
eié
g 5| &
| <R o = El
Bl-ef o
| § &£ E
| S35 %

o1

[REPLACEMENT SHgET| ;
02 OCT 1996




presetting t%e
an i medi at e9ph
RST providesza

pat hs 210, 2}1
t he coarse ppas
exanpl e, therh
t ape 7

CFRL(40)

0001
0011
01

0001
0011
01
111
1111
111
111

0011
0111
1111
111
1M1
111
111
1N
111
111

[ S N QN (U (U G i W §
b avh ek b ek b h ek e ok
b e aredh o o emcdh emd e
e emd emh mel mh e aveh ademd b

and,
b
e
b

1111
1111
1111
1111
1111
1111
111
1111

0 provide
: s, signal
Old4 | ow chart
} the way

when, for

n a video

= 9

—

pary

b
P P U A P I A A U (R SR QU G (N (U U QU U QP QU Qi Yot - ) M )
— h b d ok o b ed ek ed ch ek ook e ok o e ek o ol e ek ek
—t e ceeh ok omoh ah ek b b —h b b b b ek b ek ok ok ek ok

—t
-t
e
-
=N
—t
b
andh

M 1. .-
M 1

CH3128)

CF(23:28)

CF(27:24)

Cr{(19:16)

FIG. 8

CK15:12)

CH{11:8)

REPLACEMENT SHEET

G2 0CT 1996

CF(74)
CF31)



recorder, changes abruptly,

pl ayback node. The coarse phgsef error cofrecti o®is acconplished via a

signal path between RCVCO 53 jof RE 1 and phase 10 detector 51 in a
manner that bypasses the signal hj of kignal VCOCV. As a result of the
abrupt or coarse phase corredtion, |the phase of signal kD v is aligned
with that of signal HSRef witlboutlsipe= cantly affecting the phase of
signal Clk. In this way, ta usleg, transi ent di sturbance in RCVCO 53
is elimnated 1 5 or signifigan &ug¢ed. In carrying out a further
i nventive feature, should sigha a @g kI GURE 7B that is indicative of a
| ar ge phase error be Eg —
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D> L=

generated and signal CONSI STE CY, that is'indicative of a stable sync
signal HSRef, not be generate®=srgml RST would not be 20 ¢enerated and

the idle node of operation woyld q Fl ow chart path 213 in the flow
chart of FIGURE 5 depicts thig shich the idle node.is obtained. The
advant age of operating i [ 8- preventing the coarse phase

error correction when_ si=¥nal 5
that 25 disturbance or tra;sient in{PLL 100 of FIGURE 1 may be reduced.
Such di sturbance may b : for exanple, the duration of the

interruption in signal ?%Q'
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27 WHAT IS CLAIMED IS 5 1 s for_generating an
oscillatory signal that is |ocked to a sypnchroni zj gng P:orrpri sing: a
controll able oscillator for generating saidy; 5i? f'oa source of
sai d synchroni zing signal at a frequency 1 [ el-¥ : a scanni ng
frequency; neans responsive to said oscill syr&.c-hv‘ 1"§ s
HStef - —e-
518'\
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signals for generating a first signal that is indicative of one of a cycle
related error therebetween, said first signal being coupled to a control

i nput of sal$ 12&? for correktilng said cycles of id 15
oscillatory m OI‘HSEfS""‘OI‘iaI eetror—tr) & k | oop
manner; and rreans coupled to said §irst si gnal generati ng means for

corrpari ng sai hat is measu} a given palr of @erTeds of said
synchroni zin g gglgndc of
[ i ‘ghal

oscillatory n a dlffereﬂp tCﬂ(EPEHIODSa'd error that is neasured in

said pair of. |011 S greater thFT a first val ue.
FIG.T2C" mioe xa

FIG. 12D eron ' { ‘
FIG.12E am—fT L
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2. An apparatus according to Caim1l wherein said 25 first signal is

i ndi cative of frequency error. 3. An apparatus according to Caim 2
wherei n when said frequency error between said oscillatory and
synchroni zi ng signals exceeds a second value and said difference is snmaller
than 3 0 said first value, said apparatus operates in a fine frequency
error correction node and when said frequency error is smaller than said
second val ue said apparatus operates in a phase error correction node.
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E?:
= & wherein,said 5~ first signal
ha t@rt or forégeneraggng a signal that is

i ndicative of a phpSas t ween gapd oscil arg@ synchroni zing
signals, wherein g onpris E=14 measuring said
di fference between a e?ﬁ% a first per o of said pair of
periods and a 1 0 ree|r @gd peripdjof said pair of

peri ods and wherei i & ph r exceefds glsgcond val ue and said
difference is indig 'ciég Cy erro §§|s not
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ABSTRACT :
I nconsi stent, said apparatus operates in a coarse phase error correction
node. 15 5. An apparatus -according to Caim1l wherein said error conparing
means conpares said error that is measured during a first horizontal |ine
period with said error that is neasured during a second horizontal line

Pon e 00 57 ToEon ) Pules el (8, B0eEb) et e '
a phase error between an output signal of an oscillator and a
synchronizing signal. When a difference between the phase error
that is measured in a pair of horizontal line periods exceeds a first
magnitude, that is indicative of phase error inconsistency, the
phase of the oscillator output signal is not corrected and the
phase-lock-loop circuit operates in an idle mode of operation.

Figure 7A
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(57) Abstract

A frequency detector of a phase-lock-loop circuit is used
formeasmnga&equencyenorbetweena&equencyofan
outputslgnalofanoscﬂlatorandaﬁequencyofasynchronmng
signal. Whend:eﬁ‘equencyenormeachofBmeodsof&e
synchmmmgslgnalexceedsaptedemnedmgmmde the
phase-lock-loop circuits begins operating in a coarse frequency
correction mode. Aslongasdxe32penodshavenotlapsed.ﬂ:e
phase-lock-loop circuit operates in an idle mode of operation and
the oscillator is not corrected. As a result, during vertical retrace,
when equalizing pulses occur, the phase-lock-loop circuit is not
disturbed by a large frequency error.
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