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5 The invention relates to an arrangement for
generating a clock signal,

Digitzil video signal processing systems with features
such as on-screen display of text and picture-in-picture for both
television receiver and video tape recorder signal sources may

10 require a clock signal that is phase locked to a horizontal
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

15 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
with each of the NTSC, PAL and SECAM systems.

20 It may further be advantageous to operate the PLL
with 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

25 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

30 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
output clock with respect to an input horizontal sync signal.

35 Depending on the magnitude and consistency of the output clock
phase and frequency error, the system automatically selects one
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15 may be desirable to have, for exanple, a clock frequency that ranges
from25,MHz to 40 Mz 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 nmay
al so='pe desirable to use the PLL systemwi th each of the NTSC, PAL and
SECAM systens. 20 It may further be advantageous to operate
the PLL with i nput sync signal encountered in | ow cost consuner video tape
recorders wi thout timnme-base correctiongwhere the horizontal sync can
periodically make | arge phase changes such that the clock signal tracks
such sync signal. It may be further desirable 25 to rapidly reduce phase

and frequeny, Jor O4gapie, HVb b8frBY Gh3H0F o Pekdildif of Vabiifign L Sett! e
5 sens1tivity. The control modes of operation are such that large
errors result in large, coarse corrective actions, and small errors
result in small, or fine corrective actions.
In a PLL, embodying a different inventive feature, a
frequency of an output signal of an oscillator is controlled in

10 accordance with switched capacitors that are selectively coupled
to a positive feedback path of the oscillator. A given group of
switched capacitors selects a corresponding frequency range
portion selected from an entire range of frequencies of the
oscillator output signal. By varying the selection of the switched

15 capacitors, the frequency range portion of the frequencies of the
oscillator varies. Within the given frequency range portion, the
frequency of the oscillator output signal is controllable by a
control signal without varying the selection of the switched
capacitors. The control signal can vary the oscillator frequency

20 only within a limited portion of the entire range of frequencies.
Therefore, stability and noise immunity is increased.
Advantageously, jitter of the output signal of the oscillator is also
reduced. Consequently, the oscillator can be realized with
capacitors that can be fabricated within an integrated circuit. The

25 integrated circuit may also include the remaining active circuit
elements of the oscillator. When a large frequency error occurs
between the horizontal synchronization signal and an output
signal of the oscillator, the PLL operates in a coarse frequency
correction mode.

30 In accordance with a further inventive feature, in each
capacitor switching step that occurs in a sequential manner, a
predetermined pair of the switched capacitors are either both
coupled to the positive feedback path or both decoupled from the
positive feedback path, in accordance with the direction of the

35 frequency error. The frequency of the oscillator output signal
changes progressively in the same direction, or monotoneously, in
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addition, [t may be desirable to have the PLL discrimnate between true

out put wcl ock phase/frequency errors and those arising from contan nation of
t he.input horizontal sync signal 30 w th noise bursts or occasional

m s%ing pul ses. A PLL system enbodying an inventive feature, utilizes both
digital and anal og control of an R-C Voltage- Controlled Gscillator to
acquire and mai ntai n phase | ock of an output clock wth respect to an input
hori zontal sync signal. 35 Depending3on the nagnitude and consistency of

t he out put cl ock phase and frequency error, the system automatically

sel ects one

each switching step in the sequence of steps until the frequency

5 error changes direction. When the frequency error changes
direction, operation in the coarse frequency correction mode
ceases and any remaining frequency error is relatively small.
Advantageously, monotonically changing the frequency of the
oscillator output signal simplifies the control of the PLL because in

10 each step the direction of the change of the frequency is not
dependent on tolerances of, for example, the capacitors.

An apparatus, embodying an additional inventive
feature, for generating an oscillatory signal that is locked to an
input signal, includes an amplifier. A plurality of switched

15 reactive elements selectively coupled in a positive feedback path

- formed between an output and an input of the amplifier are

provided. The oscillatory signal has a frequency that is selected
from a corresponding portion of a range of frequencies in
accordance with a selection of the switched reactive elements. A

20 frequency error is measured between the oscillatory and input
signals. A first switching control signal that is coupled to a
switching arrangement associated with the switched reactive
elements is generated to select the switched reactive elements in
accordance with the frequency error. When the frequency error

25 exceeds a first value, the selection of the switched reactive
element varies in switching steps of a coarse frequency correction
mode of operation to reduce the frequency error progressively in
successive switching step. A second control signal that is coupled
to a control input of the amplifier is generated for varying the

30 frequency of the oscillatory signal within the corresponding
portion of the range. The frequency error is corrected in a fine
error correction mode of operation when the frequency error does
not exceed the first value, without varying the selection of the
switched reactive elements.

35 FIGURE 1 illustrates a block diagram of a phase-lock-
loop (PLL), embodying an aspect of the invention;
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2 of, for exanple, five control nodes of operation of varying 5
sensitivity. The control npdes of operation are such that |arge errors
result in |arge, coarse corrective actions, and small errors result in
smal¥, or fine corrective actions. In a PLL, enbodying a different
|nvent|ve feature, a frequency of an output signal of an oscillator is
controlled in 1 0O accordance with switched capacitors that are selectively
coupled to a positive feedback path of4the oscillator. A given group of

swi tched capacitors selects a correspondi ng frequency range portion
selected froman entire range of frequencies of the

FIGURES 2A, 2B and 2C illustrate a detailed schematic
5 diagram of a programmable switched R-C voltage 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
10 the arrangement of FIGURES 2A-2C;
FIGURE 35 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 1;
15 FIGURE 8 is a table useful for explaining the operation
of a decoder of FIGURE 1;
FIGURES 9a-9c are waveforms useful for explaining
the operation of the PLL of FIGURE 1;
FIGURE 10 illustrates a schematic of a charge pump
20 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
25 FIGURES 13a-13d illustrate waveforms useful for
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
30 Dbase 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 50 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

35 15,734 Hz.
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osci |l I at or output signal. By varying the selection of the switched 15
capacitgrs,” the frequency range portion of the frequencies of the
oscillator varies. Wthin the given frequency range portion, the frequency
of tthe oscillator output signal is controllable by a control signal wthout
varying the selection of the swtched capacitors. The control signal can
vary the oscillator frequency 20 only within a limted portion of the
entire range of frequencies. Thereforeg stability and noise immnity is

i ncreased. Advantageously, jitter of tﬁe out put signal of the oscillator is
al so reduced. Consequently, the oscillator can be realized with capacitors

Cirouit my also i nol dib LRGN HERG! Aoy & dipipced ot an' Sutpat B

5 a programmable d1v1de-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)
53. Output signal Clk may be used in various stages, not shown, of
the television receiver for video signal processing. In steady state

10 operation, the frequency of signal Clk is equal to N x fy. 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-
2600 is provided by a constant digital word signal Nset that is
coupled to counter 52 for presetting counter 52 once in each

15 period of signal ClkDiv.

FIGURES 2A, 2B and 2C illustrate a schematic diagram
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

20 pair of transistors MP9 and MP10. A current source transistor
MP8 produces a corresponding source electrode current in each of
transistors MP9 and MP10. Amplifier 531 .includes load resistors
R5 and R6 of transistors MP9 and MP10, respectively. Similarly, a
differential amplifier 532 of FIGURE 2C is formed by transistors

25 MP11, MP12 and MP13 and load resistors R7 and R8. A pair of
signals X2a and Xla developed in load resistors R5 and R6 of
amplifier 531 are coupled to gate electrodes of transistors MP12
and MP13 via a pair of R-C delay networks 533a and 533b,
respectively, that produce nominally the same phase shift. The

30 phase shift produced by network 533a or 533b is controllable in a
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

35 non-switched capacitor C1A. A switched capacitor bank SWA(0) is
also coupled to capacitor CI1A. A delayed signal TA(0) is
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el enent s ot the oscillator. Wien a | arge frequency error occurs between the
hori zomrt al * synchroni zation signal and an output signal of the oscillator,
the PLL operates in a coarse frequency correction node. 30 In
accdrdance with a further inventive feature, in each capacitor sw tching
step that occurs in a sequential manner, a predeterm ned pair of the
switched capacitors are either both coupled to the positive feedback path
or both decoupled fromthe positive fgedback path, in accordance with the
direction of the 35 frequency error. The frequency of the oscillator

out put signal changes progressively in the sane direction, or

ronot Oneouséé@elﬁﬂed at a junction terminal TA(0O)a, between capacitor Cl1A
5 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
C2A. Signal TA(1) is delayed with respect to signal TA(O).
Similarly, network 533b includes a resistor R1B, a capacitor C1B
10 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
produces a signal TB(1).
A pair of signals Y1 and Y2 of FIGURE 2C developed in
load resistors R7 and RS, respectively, of amplifier 532 are
15 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.
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
20 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
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 R5B that are analogous to resistors
25 R3A, R4A and R5A, respectively, and capacitors C3B, C4B and C5B
that are analogous to capacitors C3A, C4A and C5A, respectively.
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.
Signals TB(3) and TA(3) are coupled to gate electrodes
30 of a pair of transistors MP3 and MP2, respectively, of an analog
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.
35 In multiplier 535, transistors MP2 and MP3 form a
differential amplifier 535a having a controllable gam Similarly,
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3 each switching step in the sequence of steps until the frequency 5
_error .ehanges direction. Wen the frequency error changes direction,

operation in the coarse frequency correcti on node ceases and any renai ni ng
frefuency error is relatively small Advantageously, nonotonically changing
the frequency of the oscillator output signal sinplifies the control
PLL because in | 0O each step the direction of the change of the frequ
i's not dependent on tolerances of, fory exanple, the capacitors. An

appar at us,
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enbodyi ng an additional inventive

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 MPS5 that form a
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 MPS5.

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 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
drain electrode of transistor MP6 to develop a sum signal X1.
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
signal X1 is determined by the vectorial sum of a pair of signals
having a phase difference therebetween produced from the drain
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.
Signal X1 is nominally at an opposite phase with respect to signal
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feature, for generating an oscillatory signal that is |ocked to an input
signal. includes an anplifier. A plurality of switched 15 reactive

el enents sel ectively coupled in a positive feedback path fornmed between an
output and an input of the anplifier are provided. The oscillatory signal
has a frequency that is selected froma corresponding portion of a range of
frequencies in accordance with a selection of the swtched reactive
elements. A 20 frequency error is negsured between the oscillatory and
input signals. A first switching control signal that is coupled to a

swi tching arrangenent associated wth the switched reactive elenments is

e Caiehgy RPN T O afar a0 R B 1 11
5" oscillation frequency of RCVCO 53 and of signal Clk to vary, as
explained later on.

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

10 delay networks. The R-C delay networks are formed in RCVCO 53
using integrating circuit fabrication technique.

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

15 after power is applied. To provide the coarse frequency
correction mode, the aforementioned four switch-capacitor banks,
SWAC(i), 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

20 terminals where signals TA(i), referred to. before, are developed.
Thus, a given bank SWAC(i) is coupled to a corresponding terminal
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),

25 referred to before, are developed. In the same way, the

parameter "1" assumes the values 0 to 3.
Each bank SWA(), such as bank SWA(0) of FIGURE 2B,
includes eight parallel coupled switch-capacitor arrangements. A
given switch-capacitor arrangement of a given bank SWA() is
30 formed by a transistor switch SA(4j+i), shown in FIGURE 3, that is
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
35 to7.
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25 exceeds a first val ue,

varies?in swtching steps of a coarse frequency correction node of
operation to reduce the frequency error progressively in successive
switching step. A second control signal that is coupled to a control
of the anplifier is generated for varying the 30 frequency of the
oscillatory signal within the correspondi ng portion of the range. The
frequency error is corrected in a fin® error correction node of operation
when the frequency error does not exceed the first value, w thout varying
the selection of the switched reactive elenents. 3 5 FI GURE 1

11ustrates a bl ock dA%gham andisRiASAIEACSALAIP dPFIGUREDPGYI no an

aspect gf the |
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IQJ i '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
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
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
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)
that controls such pair of switches is the same. The value of "j" is
also common 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
bank SWA(i) and a corresponding capacitor CB(4j+i) 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
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
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4 FIGURES 2A, 2B and 2C illustrate a detailed schematic 5 diagramof a
programmbl'e switched R-C voltage controlled oscillator of the PLL of

FI GURE 1; FI

GURE 3 illustrates a switched capacitor arrangenent of the

osci*l lator of FIGURES 2A-2C, FIGURE 4 illustrates waveforns useful for

expl ai ni ng |

0 the arrangenent of FIGURES 2A-2C, FIGURE 5 illustrates a

flow chart useful for explaining
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decoupled, causing an increase in the oscillation frequency of
signal Cik of FIGURE 2C.

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
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, MNI13 and MNI14.

Negative feedback from a terminal NF is applied to the
gate of a transistor MN12 forcing the voltages at terminals NR and
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 intransistor 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
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
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
frequency of the -oscillator with respect to supply voltage change.
Simulation shows that sensitivity 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
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the operation of the PLL of FIGURE 1; FIGURES 6, 7A and 7B illustrate nore
det ai |l ed ditagrans of portions of the PLL of FIGURE 1; 1 5

FIGURE 8 is a table useful for explaining the operation of a decoder of
FIGIRE 1; FIGURES 9a-9c are waveforns useful for explaining the operation
of the PLL of FIGURE 1; FIGURE 10 illustrates a schematic of a charge punp
20 stage of the PLL of FIGURE 1; FIGURE 11 illustrates a detailed
schematic of a phase detector of the pPyL of FIGURE 1; FI GURES 12a-12g
illustrate waveforns useful for

positive feedback signal path. Therefore, phase difference
5  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
a temperature variation occurs. RCVCO 53 oscillates at a
frequency which is determined by the total phase shift in its pair
10 positive feedback paths.

In accordance with an inventive feature, as explamed
before, a pair of capacitors CA(4j+i) and CB(4j+i) of FIGURES 2A-2C
are switched in together or switched out together. Therefore,
advantageously, the differential symmetrical configuration is not

15 disturbed in each step of the coarse frequency error correction
mode.

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),

20 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

25 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
points CO, that occur when the instantaneous values of signals Y1
and Y2 are simultaneously the same, occur at the opposite phase.

30 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
affected by gain variations and temperature caused component

35 variations. Therefore, advantageously, a relatively simple
differential-to-single ended translation circuit 536 of FIGURE 2C
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expl ai ning the operation of the phase detector of FIGURE 11; and 2 5

FI GURES 13a-13d illustrate waveforns useful for explaining the operation of
the charge punp stage of the PLL of FIGURE 1. FIGURE 1 illustrates a bl ock
di agram of a phase-lock loop circuit (PLL) 100, enbodying an aspect of the
I nvention. A 30 base band video signal VIDEG IN obtained from for
exanpl e, a video detector, not shown, of a television receiver is coupled
to a conventional sync separator 50 that generates pul ses of a horizontal
sync signal HSRef having a period H at a horizontal deflection frequency
[err] that is in, for exanple, the NISC standard 3 5 15,734 Hz.

‘that receives signals Y1 and Y2 and is formed by transistors
5 MPI15, MP16, MN20 and MN21 and gates Ul and U2 generates
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

10 at 350 Hz. The short term stability of RCVCO 53 within 1 second is
about +150 Hz or 20 ppm, corresponding to a 1.3 ns jitter in one
horizontal line period H of 63.5 psec.

To control the frequency of RCVCO 53, sync signal
HSRef of FIGURE 1 is coupled to a frequency detector and control

15 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
1, 2A-2C, 3-6, 7A and 7B indicate similar items or functions.

20 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
and 9b illustrate an example of the pulses of signals ClkDiv and

25 HSRef, respectively, of FIGURE 6. Similar symbols and numerals in
FIGURES 1, 2A-2C, 3-6, 7A, 7B and 9A-9C indicate similar items or
functions.

Counter 56 of FIGURE 6 counts pulses of signal Clk that
occur during a given period H and referred to as an interval

30 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
number of clock pulses or periods of signal Clk that occur during a
given period of signal HSRef. Thus, signal NCL contains the ratio

35 Dbetween the frequency of signal Clk and that of signal HSRef.
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5 An oscillatory signal kD v is produced at an output of 5 a

progr anmabl e di vi de-by-N counter 52 by frequency dividing an output signal
Cl k of PLL 100 produced in a progranmmbl e, resistor-capacitor (R-C) type
vol tage-control | ed-oscillator (RCVCO 53. Qutput signal Ck nmay be used in
vari ous stages, not shown, of the television receiver for video signal
processing. In steady state 1 O operation, the frequency of signal Gk is
equal to N x [err]. The value N denot]es a ratio between the frequency of
signal Ok and that of

Signal NCL is coupled to a subtractor 65 that generates
5 a binary word signal Nerr by forming a difference between the
value of signal NSET and that of signal NCL. Signal NSET is a
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

10 signal CLKH occurs. Signal CLKH occurs immediately following that
period H of signal HSRef during which signal Nerr is measured and
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

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_1 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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signal G kDiv. The value N that is selectable in the range of 750- 2600 is
provi ded by a constant digital word signal Nset that is coupled to counter
52 for presetting counter 52 once in each 1 5 period of signal CKkDiv.

FI QRES 2A, 2B and 2C illustrate a schematic di agram of RCVCO 53 of FI GURE
1. Simlar synbols and nunerals in FIGURES 1 and 2A-2C indicate simlar
Itens or functions. RCVCO 53 of FIGURE 2B includes a differential anplifier
531 forned by a 20 pair of transistonyg MP9 and MP10. A current source
transi stor MP8 produces a correspondi ng source el ectrode current in each of
transistors MP9 and MPIO Amplifier 531 includes load resistors R5 and R6

of transistors M9 andS%Ja?’ﬁf ¥ eé:&dp\igcli Yto % flsef rilnigut ferminal RESET
5 of a 6-bit counter 61 that counts up once in each period of clock
signal ClkDiv, when counting is enabled in counter 61. Counter 61
produces a signal 6la, the most-significant-bit MSB of counter 61.
Counting is enabled in counter 61 when signal 59a is generated.
Signal 61a is coupled via an OR gate 62 to a "J" input

10 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
period of signal ClkDiv, as provided by the value of signal | Nerr|,
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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differential amplifier 532 of FIGURE 2C is forned by transistors 25 MP11,
MP12 amd MP13 and | oad resistors R7 and R8. A pair of signals X2a and Xla
devel oped in |oad resistors R5 and R6 of anplifier 531 are coupled to gate
el ectrodes of transistors MP12 and MP13 via a pair of R-C delay networks
533a and 533b, respectively, that produce nomnally the sanme phase shift.
The 30 phase shift produced by network 533a or 533b is controllable in a
coarse .frequency correction node of qugeration, as explained later on. The
phase shift determnes, in part, the frequency of oscillation of signal

Cl k. Delay network 533a includes a resistor RIA and a 3 5 non-sw tched

capaci tor Gl A 5iMdue?d GRBARdP inP M vaMicdl Bianking interval.

5 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
error correction mode of operation. During operation in the coarse
frequency error correction mode, coarse frequency error is

10 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.
FIGURE 10 illustrates 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-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.
Throughout the coarse frequency error correction mode, charge
pump stage 54 of FIGURE 10 produces analog control signal YCOCV
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 approx1mately at its
middle voltage variation range.
In the coarse frequency error correction mode, a 5-bit
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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al so coupled to capacitor CLA. A delayed signal TA(O) is 6 devel oped at
a junction¥term nal TA(O a, between capacitor CIA 5 and resistor R1A
Signal TA(O) is coupled via a resistor RRA to a capacitor C2A. A switched
capaci tor bank SWA(1l) is also coupled to capacitor C2A. A del ayed si gnal
TA(l') is developed in capacitor C2A. Signal TA(1l) is delayed with respect
to signal TA(O). Simlarly, network 533b includes a resistor R1B, a
capacitor Cl1B 1 0 and a bank SWB(0) il&at produces a signal TB(0). Network
533b

CFRL(4:0) of FIGURES 6 and 8. In the table of FIGURE 8, binary "1"
5 represents the TRUE state and binary "0" represents the FALSE

state. As shown in FIGURE 8, when counter 66 of FIGURE 6 counts
up, only one of control signals CF(4j+i) of FIGURE 8 changes state.
The change in state is from FALSE to TRUE state. Similarly, when
counter 66 of FIGURE 6 counts down, only one of control signals

10 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
measure/control sequencer unit 67 of FIGURE 6 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
9b, 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 measured, a more stable and precise frequency control
operation 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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I ncludes a resistor R2B, a capacitor C2B and a bank SWB(1) that produces a
signal JB(I). A pair of signals Yl and Y2 of FIGURE 2C devel oped in |oad
resistors R7 and R8, respectively, of anplifier 532 are 1 5 coupled via R C
del ay networks 534b and 534a, respectively, that produce nomnally the sanme
phase shift. Networks 534a and 534b operate_in a simlar manner to networks
533a and 533b. Network 534a includes a resistor R3A, a capacitor C3A and a
bank SWA(2) that produces a delayed sygnal TA(2). Signal TA(2) is 20
coupled via a resistor RAA to a capacitor C4A and to a bank SWA(3) that
produces a del ayed signal TA(3). Signal TA(3) is further delayed via a

resistor RS re%fﬁ%n%yc gfg'nt { IES'&' ‘R%GH?S’ '$3°of FIGURES 2A-2C is higher
5 than required. Such situation is indicated by the occurrence of a
positive value of signal NERR of FIGURE 6. Consequently, at the
end of the immediately following interval CONTROL of FIGURES 9a
and 9b, denoted as interval 603, counter 66 of FIGURE 6 is
incremented. The result is that a corresponding pair of capacitors
10 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
incremented or decremented in accordance with the sign bit SIGN
of signal NERR of FIGURE 6. Because additional pair of capacitors
15 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
20 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
25 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,
advantageously, the change, increase or decrease, in the frequency
of signal Clk of FIGURE 2C is monotonical and not affected by
30 component tolerances. Thus, for the entire frequency range, the
frequency 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
35 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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a further delayed signal TA(4). Simlarly, delay network 534b incl udes
resistors R3B, R4AB and R5B that are anal ogous to resistors 25 R3A, R4A
and R5A, respectively, and capacitors C3B, C4B and C5B that are anal ogous
to capacitors C3A, C4A and C5A, respectively. Network 534b produces del ayed
signals TB(2), TB(3) and TB(4) that are anal ogous to signals TA(2), TA(3)
and TA(4), respectively. Signals TB(3) and TA(3) are coupled to gate

el ectrodes 30 of a pair of transistojg MP3 and MP2, respectively, of an
analog multiplier 535 of FIGURE 2A. Simlarly, signals TB(4) and TA(4),

that are delayed with respect to signals TB(3) and TA(3), respectively, are

Fespecti vel W2l (s erplatned Bitors.ciyig §locisa ofly from the values 0
to 3 and j is selected only from the values 0 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
601. Thus, in a subsequent interval MEASUREMENT, denoted as
an interval 602 of FIGURES 9a and 9b, signal CFRL(4:0) of FIGURE

10 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
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.

In carrying out an inventive feature, switched
capacitors CA(4j+i) 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

35 coarse frequency error control mode ceases when the difference
between the measured and expected lengths of the period of
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35 In multiplier 535, transistors MP2 and MP3 form a
differential anplifier 535a having a controllable gain. Simlarly, 7
transistor MP6 and MP7 forma differential anplifier 535b having 5 a
controll able gain. The gains of anplifiers 535a and 535b vary in opposite
directions in accordance with variations in drain currents produced by a
pair of transistors MP1 and MP5 that forma differential anplifier 535c.
The drain currents in transistors MPljand MP2 vary in opposite directions
i n accordance with a voltage

signal ClkDiv, as determined by the sign bit SIGN of signal NERR,

3 changes sign. The sign change of signal NERR is indicative of
attaining a frequency error that is smaller or equal to 4% of the
entire frequency range. Thereafter, counter 66 of FIGURE 6 ceases
to change states and the last state of signals CFRL (4:0) and CF
(4j+i) remains unchanged.

10 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
subtractor 70 is obtained in an absolute value forming stage 72

15 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
of signal ClkDiv, by less than 2% of the expected period length of

20 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
than 2% of the value of signal NSET of FIGURE 6 from one clock

25 period H to the immediately following 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

30 constant value that is equal to 2 in a comparator 60. Comparator
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

35 CONSISTENCY of FIGURE 7A is produced, the value of signal |Nerr|
is greater than or equal to 2, but smaller than 8% of the value of

LU
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1 0 difference between gate el ectrodes of transistors MP1 and MP5. A
constant DC reference voltage VREF is devel oped at the gate of transistor
MP1. A control, output signal VCOCV produced in a charge punp control
54 of FIGURE 1 is devel oped at the gate of transistor MP5 of FIGURE 2A to
t he frequency/ phase of signal Clk, in a fine error correction
node of operation, as explained |ater on. The drain el ectrode of transistor
MP2 is coupled to the drain electrode2@f transistor MP6 to devel op a sum

control 15

signal X1.

Signal X1 is developed in a pair of parallel coupled | oad

resistors 20 RO and R12 and is coupled to the gate el ectrode of

transi stor
5

10

15

20

25

30

35

Vi1 ONs8( s brévided inChighaiPd0a 6ff FIGTUREA7AY anl"§igHAP ICFR
is not generated. Therefore, an "AND" gate 74 produces a signal
FFR. Signal FFR initiates and establishes a fine or gradual
frequency error correction mode of operation in which the state of
coupling or decoupling of the switched capacitor in FIGURES 2A-2C
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,
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
VCOCYV 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-
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
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.
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
FFR_UP occurs when the frequency of signal Clk is lower than
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el ectrode of transistors MP3 of FIGURE 2A is coupled to the drain el ectrode
of transistor MP7 to develop a sumsignal X2. Signal X2 is developed in a
pair of load resistors R11 and R13 and is coupled 25 to the gate el ectrode
of transistor MP9 of anplifier 531 of FIGURE 2B. The signal gain, for
exanple, via transistor MP2 varies in the opposite way to that via

transi stor MP6. The phase shift of signal X1 is determ ned by the vectori al
sum of a pair of signals 30 having ghase difference therebetween
produced from the drain currents in transistors MP2 and MP6, respectively.
Thus, the phase shift of signal Xl varies in a fine or gradual manner when

anal og si gn‘%lequx%%'v k?r%ﬁlarlsy,cou \lrgrg ;;u s6 lufglngi I'slgi%CDwrﬂa%Salﬂlulse
5 width that is proportional to the magnitude of signal NERR and
occurs when the frequency of signal Clk is higher than required.

Under the control of signal FFR, signail FFR_UP or
FFR_DN of FIGURE 10 is selected and coupled through the
corresponding one of a pair of two-input multiplexers 54a and

10 54b and through the corresponding one of a pair of gates 54c and
54d to the corresponding one of a pair of control terminals S4ca
and S54cb 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,

15 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
capacitor Cext via switch SW1. This is done by having the selector

20 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
proportional to the pulse width of signal FFR_UP. Capacitors Cext

25 and Cint are discharged, in a similar manner, when signal FFR_DN
occurs, Signal VCOCYV 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,

30 that occur during alternate periods H of signal HSRef of FIGURE 9b,
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

35 CONTROL of signal HSRef of FIGURE 9b. During operation in the
fine frequency error correction mode, the difference between the
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gradual manner. Simlarly, the phase shift of signal X2 also varies 35 in
a fine «or dgradual manner in accordance with signal VCOCV. Signal X1 is

nom nally at an opposite phase with respect to signal 8 X2. Varying the
phase shift of signal X1 or X2 causes the 5 oscillation frequency of RCVCO
53 and of signal Ok to vary, as explained later on. It nmay be desirable to -
achi eve a wi de frequency range of, for exanple, 25-40 MHz of signal Clk and
al so to conpensate 22

period length of signal ClkDiv and that of signal HSRef is brought
5 to within 2 period length of signal Clk or approximately 0.2% of
period H of signal HSRef.

The correction range that is produced by signal VCOCV
in the fine frequency error correction mode is approximately 8 %
of the entire frequency range of RCVCO 53 of FIGURES 2A-2C.

10 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
before, the range of frequencies associated with a given switching

15 step in the coarse frequency error correction mode is equal to
approximately 4% of the entire frequency range of RCVCO 53.
Advantageously, the correction range of signal VCOCYV is still
sufficiently small so that sensitivity to noise is reduced.

As explained before, when signal CONSISTENCY of

20 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,
capacitor Cext of FIGURE 10 is neither charged nor discharged and

25 signal VCOCYV 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
control of switch SW2 is shown by the table in FIGURE 10.

30 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
not disturbed and is more likely to be already maintained at the

35 approximately required level for steady state phase lock
operation after the interruption interval in signal HSRef has
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for tol erances,

tenperature variations and for aging in the RRC 1 0 del ay

networks. The R-C delay networks are fornmed in RCVCO 53 using integrating
circuit fabrication technique. The frequency of RCVCO 53 can be stepped up
or down in a coarse frequency correction node of operation. For exanple,
the coarse frequency correction node may occur immediately 1 5 after power

I's applied.

To provide the coarse frequency correction node, the

af orementioned four sw tch-capacitor pgnks, SWA(i), are provided. The

par anet er

"i" that designates the switch-capacitor bank assunmes the four

values, 0 to 3. Switch- capacitor banks SWA(i) are coupled to four

correspondi
devel opesd.

10

15

20

25

30

35

el TH, WiiMiCESadidiR s PEL' 100 "6t RIGERE 1 HRhY Be, 27 °

advantageously, of short duration.

FIGURE 11 illustrates in more detail a phase detector
51 of FIGURE 1 that is used in a phase error correction mode of
operation. FIGURES 12a-12g illustrate corresponding waveforms.
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 Slc that is
clocked by signal HSRef and reset by signal ClkDiv. Flip-flop Slc
generates a given pulse of signal FPH_UP of FIGURE 12c¢c when the
leading edge of signal CIkDiv 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
CIkDiv of FIGURE 12¢ 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
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 8la is coupled via an
inverter 82 to an input B of an "AND" gate 83. Frequency error
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
indicated by signal 81a being at the FALSE level, and the
frequency error is small, as indicated by the generation of signal
60a, gate 83 generates a signal FPH. As a result, a fine phase
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Thus, a given bank SWA(i) is coupled to a corresponding term nal where
signal  TA(i') is designated by the sane value "i". Simlarly, the

af ore-nmentioned four sw tch-capacitor banks, SWB(i), are coupled to
correspondi ng four term nals where signal TB(i), 25 referred to before,
are developed. In the sane way, the paraneter "i" assumes the values 0 to
3. Each bank SWA(i), such as bank SWA(O) of FIGURE 2B, includes eight
paral |l el coupled switch-capacitor arradgenents. A given sw tch-capacitor
arrangenment of a given bank SWA(i) is 30 forned by a transistor switch
SA(4j+i), shown in FIGURE 3, that is coupled in series with a correspondi ng

capaci {or Chlfle*ichrredii Hod Btuts N HIBWTERRHS phihs 208506, 28 3huand 3
5 208 in the flow chart of FIGURE 5 depict the way the fine phase
error correction mode is obtained.

In the fine phase error correction mode, unlike in the
fine and coarse frequency error correction modes, the phase error
is both measured and corrected in each period H of signal HSRef of

10 FIGURE 9b. In the fine phase error correction mode, analog signal
VCOCY 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
explaining the operation in the fine phase error correction mode.

15 Similar symbols and numerals in FIGURES 1, 2A-2C, 3-6. 7A, 7B, 8§,
9a-9c, 10, 11, 12a-12g and 13a-13d indicate similar items or
functions. :

When signal FPH of FIGURE 7B is generated, signal
FPH_UP, alternatively, FPH_DN, of FIGURE 10 is coupled through

20 multiplexers 54a and 54b and through gates 54c and 54d to
terminals S4ca 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
during each period of signal CikDiv of FIGURE 13B.

25 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.
Similarly, should the pulse of signal FPH_DN be generated, switch

30 SW4 would couple negative pulse current 14 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
currents I3 and I4 operate as an integrator or a low pass loop

35 filter that develops in capacitor Cint a voltage proportional to the
phase error.
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items or functions. For a given bank SWA(i) of FIGURES 2B and 2C, the

paraneter | assunes, selectively, one of the eight values 0 3 5 to 7. 9
A given transistor switch SA(4j+i) of FIGURE 3 is 5 coupled in series
Wi th a correspondi ng capacitor CA(4j+i) such that the value of "i" is

common to both switch SA(4j+i) and to capacitor C(4)+i) and the val ue of
"J" is also common for both. Simlarly, each bank SWB(i) of FIGJRES 2B and
2C includes eight parallel 25

In the second operation of the sequence, a pulse
5 generator 85 of FIGURE 6 generates a pulse signal CHK of FIGURES
6 and 13c following the trailing edge of signal ClkDiv of FIGURE
13B. Pulse signal CHK of FIGURE 6 causes, in a manner not shown,
switch SW2 of FIGURE 10 to open and switch SW1 to couple
capacitor Cext to terminal 54f. Thus, capacitors Cint and Cext are

10 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.

In the third operation of the sequence, generator 85 of

15 FIGURE 6 generates a pulse signal INIT of FIGURES 6 and 13d
following pulse signal CHK of FIGURE 13c. Pulse INIT causes, in a
manner not shown, switch SW1 of FIGURE 10 to be in position
HOLD and switch SW2 to be closed. In this way, the initial
condition voltage is maintained in capacitor Cint the same as in

20 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
example, 2 ns jitter in the fine phase correction mode.

25 In accordance with another inventive feature, 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 OUT-OF-RANGE is

30 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 OUT-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 flow chart

35 of FIGURE 5 depict such situation.
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coupl ed transi stor switch-capacitor arrangenents, such as, for 1 0

exanpl &, bank SWA. Each of such eight arrangenents 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 2B
and 2C designated by a conmmon value "i", such as, for exanple, 1 5 banks
SWA(O0) and SWB(0), eight control signals CF(4j+i) control the correspondi ng
eight pairs of transistor switches SA4 +i) and SB(4j +i) designated al so by
t he common value of "i" and the common value of "j". Signals CF(4j+i) are
devel oped in a manner that is described |later on. Thus, the total of 32

pai rs of sui tohes 20 gid e e Bldk bd kg, RMifhEoth % g 32
difference between the leading edge of signal HSRef of FIGURE 12a
and that of signal ClkDiv of FIGURE 12b or 12c that is equal to or
greater than 2 clock periods of signal Clk of FIGURE 7B, signal 81a
would be generated. Signal 8la causes a flip-flop 84 to be "set”
and to generate an output signal PE_LAT. Signal PE_LAT is

10 coupled to flip-flop 51c and 51d of phase detector 51 of FIGURE
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

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 9b 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 |Nerr| 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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CF(4j +i), respectively. The value of "i" for a given pair of swtches

SA(4j +i) of FIGURE 3 and SB(4j+i) and for control signal CF(4j+i) that
controls such pair of switches is the sane. The value of "j" is also conmobn
for ‘the given pair of switches SA(4j+i) and SB(4j+i) 25 and for control
signal CF(4j+i) that controls such pair. Wen a given control signa

CF(4j +i) assunesa TRUE state, a correspondi ng capacitor CA(4j+i) of the
correspondi ng bank SWA(i) and a corregpgondi ng capacitor CB(4j+i) of the
correspondi ng bank SWB(i) are switched in or coupled via a pair 30 of the
switches SA(4j+i) and SB(4j+i)to the term nals where signals TA(i) and

) e SP SR B EIGURE S 6P 1] A e BhalpRERE RIS 2 o0

5 mode is obtained. This mode can occur when, for example, the
phase of signal HSRef of FIGURE 1 that is produced in a video tape
recorder, changes abruptly, during a vertical retrace interval of a
playback mode. The coarse phase error correction is accomplished
via a signal path between RCVCO 53 of FIGURE 1 and phase

10 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 ClkDiv 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

15 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

20 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

25 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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frequency of signal Ck of FIGURE 2C occur. On the other hand, when a given
control. signal CF(4j+i) of FIGURE 3 assunmes a FALSE 3 5 state, the
correspondi ng pair of capacitors are switched out or 1 0 decoupl ed,
causing an increase in the oscillation frequency of 5 signal Ok of
FIGURE 2C. A current mrror reference circuit 537 of FI-GJRE 2A-incl udes a
PMOS transi stor MP20 that provides a snall starth"Tmment such as 1

e S Tl S e i

WHAT IS CLAIMED IS:
5 1. An apparatus for generating an oscillatory signal
that is locked to an input signal, comprising:
an amplifier;
a plurality of switched reactive elements selectively
coupled in a positive feedback path formed between an output
10 and an input of said amplifier for generating said oscillatory signal
having a frequency that is selected from a corresponding portion
of a range of frequencies in accordance with a selection of said
switched reactive elements;
first means responsive to said oscillatory signal for
15 measuring a frequency error between said oscillatory and input
signals and for generating a first switching control signal that is
coupled to a switching arrangement associated with said switched
reactive elements to select said switched reactive elements in
accordance with said frequency error such that when said
20 frequency error exceeds a first value, the selection of said
switched reactive element varies in switching steps of a coarse
frequency correction mode of operation, to.reduce said frequency
error progressively in successive switching steps; and
second means responsive to said oscillatory signal and
25 to said synchronizing signal for generating a second control signal
that is coupled to a control input of said amplifier for varying said
frequency of said oscillatory signal within said corresponding
portion of said range to correct said frequency error in a fine
error correction mode of operation when said frequency error
30 does not exceed said first value, without varying the selection of
said switched reactive elements.
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at a termnal NBto initially rise to a threshold voltage of a 1 0

transi stor 'MN10, typically 0.8V. Voltages at a terminal NR and at terminal
NB are conpared in a balanced PMOS current mrror anplifier formed by
transi stors MP23, MP24, MN13 and MN14. Negative_feedback-f-roma-term nal NF

Is applied to the gate of a transistor MN12 for.cing the voltage

termnals NR and 15 NB to be equal. The current Mﬂ““\ﬂﬂ!““ % stor

is, therefore, proportional to the voljgge at ter‘ l rrent
starts flowing in resistor RL, in transistor M12 and i N transistor MP22,
additional current is sourced into termnal NB which causes the voltage at

terminal NBto rise tosa | L?ﬁ%ﬁaﬂgﬁ l%:cérdgg{g E&“@l’auﬁ %Ofulrtﬁ&erence current

flow ng i n transistor 2
S comprising, a comparator responsive to said second control signal

and to a signal at a reference level and coupled to said first means
for initiating operation in said coarse frequency error correction
mode of operation, when said second control signal is outside a
predetermined correction range of said oscillator.

10

3. An apparatus according to Claim 1 wherein said

second control signal generating means comprises a frequency
detector for generating a third signal that is indicative of said
frequency error and a phase detector for generating a fourth

15 signal that is indicative of said phase error said third and fourth
signals being selectively coupled to said control input of said
amplifier to form said second control signal at said control input,
such that when said frequency error is smaller than said first
value and larger than a second value, said third signal is applied

20 to said oscillator in a fine frequency error correction mode of
operation and when said frequency error is smaller than said
second value said fourth signal is applied to said oscillator in a
fine phase error correction mode of operation.

25 4. An apparatus according to Claim 1 wherein said
second control signal is an analog signal.

5. An apparatus according to Claim lwherein a given
switched reactive element comprises a switched capacitor.
30
6. An apparatus according to Claim 1 wherein said
first means comprises, means for generating a coded signal and a
decoder for decoding said coded signal to generate a plurality of
switch control signals that are applied to said switches in a
35 manner to vary said frequency of said oscillator signal
monotonically in each switching step.
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mA. An output voltage CS1 of current mrror reference circuit 537 devel oped
at the drai'n of transistor MP22 is coupled to the gates of transistors MP4
and MP8 of FI GURE 2B and transistor 25 MP11 of FIGURE 2C. As a result,
the*current flowing in transistor MP4 of FI GURE 2A is noninal I'y -3 nA-and

the current flowing in each of the anplifiers source | rs MP8
and MP11 is 1.5 mA Circuit 537 of FIGURE 2A nai ntai iﬂm Mﬂre
frequency of the oscillator with respg8@ to supply wvol s |
Si mul ati on shows that sensitivity to supply voltage change is 0.9%V and to
tenperature change is [err] RCVCO 53 of FIGURES 2A-2C is constructed in a
7. An apparatus according to Claim 1 wherein an
5 impedance of a given switched reactive element determines said

frequency of said oscillatory signal.

8. Apparatus for generating an oscillatory signal that
is locked to an input signal, comprising:

10 a controllable oscillator for generating said oscillatory
signal;

a plurality of switched reactive eclements selectively
coupled to a feedback path of said oscillator for controlling said
oscillatory signal in accordance with the selection of said switched

15 reactive elements;

means coupled to said switched reactive elements for
sequentially selecting from said switched reactive elements a
given switched reactive element that is to be coupled to said
feedback path and a given switched reactive element that is to be

20 decoupled from said feedback path in a manner to reduce an error
between said oscillatory and synchronizing signals in a given
sequential step of a coarse error correction mode of operation;

means responsive to said oscillatory signal and to said
synchronizing signal for generating a first signal that is indicative

25 of said error therebetween, said first signal being coupled via a
loop filter to a control input of said oscillator to control said
oscillator in a fine error correction mode of operation when said
error is smaller than a first value such that in said fine error
correction mode of operation the selection of said switched

30 reactive elements does not vary; and

a comparator responsive to said filtered first signal
and to a signal at a reference level and coupled to said switched
reactive element selecting means for initiating operation in said
coarse error correction mode of operation, when said filtered first

35 signal is outside a predetermined correction range of said
oscillator, '
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differential symetrical manner. Signals X2, Y1, TA(O0), TA(1), TB(2), TB(3)
and TB(4), "defining a first positive feedback path, are 3 5 differentially
symetrical 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 5 between a pair of -differentially syrmetrl cal

signals such as, for exanple, signals Y1 and Y2 d g‘ the gain
of, for exanple, anplifiers 535a and 335b of FI GU%&“@“N““& Bhen a
tenperature variation occurs. RCVCO 53 oscillates Lom 3

9. An apparatus for generating an oscillatory signal
5 that is locked to an input signal, comprising:

a controllable oscillator for generating said oscillatory
signal;

a source of said input signal at a frequency that is
related to a scanning frequency; .

10 a plurality of selectable switched reactive elements
coupled in a feedback path of said oscillator;

a frequency detector responsive to said oscillatory and
synchronizing signals for generating a first signal that is indicative
of a frequency error therebetween;

15 a charge pump responsive to said first signal for
generating a filtered second signal that is coupled to a control
input of said oscillator for varying said frequency- of said
oscillatory signal in a fine frequency error correction mode of
operation to correct for said frequency error in a feedback loop

20 manner without varying a selection of said switched reactive
elements;

means for initiating operation in a coarse frequency
error correction mode in accordance with said first signal via a
signal path that bypasses said charge pump when said frequency

25 error exceeds a first predetermined magnitude such that in said
coarse frequency error correction mode the selection of said
switched reactive e¢lements varies in a manner to reduce said
frequency error; and

a comparator responsive to said second signal of said

30 charge pump and to a signal at a reference level and coupled to
said switched reactive elements for initiating operation in said
coarse frequency error correction mode of operation when a
difference between said second signal and said signal at said
reference level is outside a normal operation range of values.

35 '
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frequency which is determ ned by the total phase shift inits pair 1 0
positive feedback paths. In accordance with an inventive feature, as
expl ai'ned before, a pair of capacitors CA(4j+i) and.-CB(4j+i) of FI GURES
2A-2C are switched in together or switched out together. Therefore,-

advant ageously, the differential symetrical confi. g ’m'
di sturbed in each step of the coarse frequency erro Wl'ﬂ”ﬂ!ﬂ@
FIGURE 4 illustrates an exanple of si glﬂ ated waveforiis bf &I gnals and

of FIGURE 1 when all the switched capacitors in RCVCO 53 are decoupl ed by
signals CF(4j+i), 20 resulting in maxi mum frequency or m ni mum period of

signal dk 10. An oscillator that is locked to a synchronizing

S signal, comprising:

a first amplifier;

a first switched reactive element selectively coupled in
a first positive feedback path formed between an output and an
input of said first amplifier;

10 a second amplifier;

a second switched reactive elements selectively
coupled in a second positive feedback path formed between an
output and an input of said second amplifier for producing a pair
of differentially symmetrical signals in said first and second

15 positive feedback paths, respectively;

means for combining said pair of differentially
symmetrical signals to generate an oscillatory signal;

a source of said synchronizing signal; and

means coupled to said switched reactive elements for

20 varying the selection of said switched reactive elements in a given
switching step in a manner to reduce a frequency error of said
oscillatory signal with respect to that of said synchronizing signal
in a frequency correction mode of operation, such that, when the
selection of said first switched reactive element varies in said first

25 positive feedback path the selection of said second switched
reactive element also varies in said second positive feedback path
in a manner to maintain said pair of signals differentially
symmetrical.

30 11. An oscillator according to Claim 10 further
comprising, means responsive to said oscillatory and
synchronizing signals for generating a gain control signal that is
coupled to a gain control input of one of said amplifier for
reducing one of a frequency error and a phase error in a fine

35 error correction mode of operation.
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such as 19.62nS. Simlar synbols and nunerals in FIGURES 1, 2A- 2C, 3 and 4
indicate si'mlar items or functions. As shown in FIGURE 4, signals Yl and
Y2 are nearly identical in nmagnitude and they are phased by 180 degrees
with 25 respect to each other. Signals Y1 and_Y2 are differentially
symmetrical signals because of the differential symretrical configuration.

Thus, crossover points in signals Yl and Y2, W hat occur
when the instantaneous values of signglg Y1 andjmm Imjmﬂ“ usly the
sanme, occur at the opposite phase. 30 Advantageo'uslcy 't h& cfosSover points
CO are nearly equally spaced in tine as a result of the aforerrentloned

differenial “symet riop) cofi 4ualhg ucBRaRE Gobulthe P WRbiS hn
5 said given switching step, said gain control signal has a variation
range that produces a larger frequency variation range in said
oscillatory signal than that produced by varying the selection of
said switched reactive elements in said given switching step.

10 13. An apparatus according to Claim 11 wherein said
gain control signal generating means comprises a phase detector
for providing a phase correction in a fine phase correction mode of
operation.

15 14. An apparatus according to Claim 11 wherein said
gain control signal generating means comprises a frequency
detector for providing a frequency correction in a fine frequency
correction mode of operation.

20 15. An apparatus according to Claim 10 wherein said
given switching step occurs sequentially at a rate that is equal to a
multiple of a horizontal deflection frequency.

16. An apparatus according to Claim 10 wherein at
25 least one of said switched reactive elements comprises a switched
capacitors that are formed by an integrated circuit fabrication
technique.

: 17. An apparatus according to Claim 10 wherein said
30 combining means comprises a differential amplifier having an
inverting input terminal that is responsive to one of said pair of
signals and a noninverting input terminal that is responsive to the
other one of said pair of signals. '
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configuration, the duty cycle of signal Gk is, advantageously, not

affected by gain variations and tenperature caused conponent 35

variations. Therefore, advantageously, a relatively sinple

differential -to-single ended translation circuit 536 of FlI GURE 2C 12
that receives signals Y1 and Y2 and is fornmed by transistors 5 MP15, MP16,
M\N20 and MN21 and gates Ul and U2 generates signal Ck at approximately 50%
duty cycle. Furthernore, the differen3gigl symetry configuration provides

| mproved common

ABSTRACT

A phase-locked-loop circuit includes an oscillator
having switched capacitors that are selectively coupled to a
positive feedback path of the oscillator in a coarse frequency error
correction mode of operation. When the frequency error is small,
10 the circuit operates in a fine error correction mode without
varying the selection of the switched reactive elements.
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node noi se rejection. The neasured noi se bandw dth of RCVCO 53 is -30dB 10
at 350 «Hz. 'The short termstability of RCVCO 53 within 1 second is about
[err] Hz or 20 ppm corresponding to a 1.3 ns jitter in one horizontal |ine
pertod Hof 63.5 [err]. To control the frequency of RCVCO 53, sync signal
HSRef of FIGURE 1 is coupled to a frequency detector and control 1 5 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 correspondi ng
portions of stage 55 of FIGURE 1 in'gggp detail ed bl ock diagram Simlar
synbols and nunerals in FIGJRES 1, 2A-2C, 3-6, 7A and 7B indicate simlar

itens or functions.
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20 In the portion of stage 55 that is shown in FlI GURE 6,
signal .HSRef is coupled to an input ternminal O ear/Enable of a 13-
bit-counter 56. Signal Ok of RCVCO 53 of FIGURE 1 is coupled to an input
term nal CLOCK of counter 56 of FIGURE 6. FIGURES 9a and 9b illustrate an
exanpl e of the pulses of signals kD v and 25 HSRef, respectively, of
FIGURE 6. Simlar synbols and nuneral s.iph. Fl GURES 1, 2A—2C, 3-6, 7A, 7B and
9A-9C indicate simlar itens or functi2/| Counter 56 of FIGURE 6 counts
pul ses of signal Ok that occur during a given period H and referred to as
an interval 3 0 MEASUREMENT in Fl GURE 9b+ V\t the end of interval
MEASUREMENT, counter 56 of FIGURE 6 contglns a binary word
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signal NCL. Signal NCL has a nunerical value that is equal to the nunber of
cl ock pul ses or periods of signal Ck that occur during a given period of
Si gnaf HSRef. Thus, signal NCL contains the ratio 3 5 between the frequency
of signal dk and that of si gnal HSRef. 1 3 Signal NCL is coupled to a
subtractor 65 that generates 5 a binary word signal Nerr by formng a

di fference between the value of signal NSET and that of signal NCL. Signal
NSET is a constant binary word that is:}/dlﬁal to the ratio between the

£
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frequency of signal Ck and that of signal CkD v, as indicated before.
Signal .Neff is stored in a latch 57 when a timng control 1 0 signal CLKH
occurs. Signal CLKH occurs imediately follow ng that.period H of signal
HSRef during which signal Neff is neasured and generated. Stored signa

Nerr is read out at an output of latch 57 as an output signal NERR Error
signal NERR has a value that is 1 5 eq o a difference between the
nunber of clock periods of signal Clk that "occur during the given period
MEASUREMENT of signal HSRef of FI GURE 9b and the nunber of clock periods of
signal Ak of FIGURE 6 that occur during the period of signal C kD v of

FI GURE 9a. Such difference is zero and represents no error, for
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20 exanple, 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
measufement operation in which signal NERR is devel oped is depicted in a
flawchart 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

absol ute value form ng stage 58 of FlI ﬁ 62 t hat produces a bianry word
signal [err]. Signal [err] is equal to g bsol ute val ue of signal NERR
Signal [err] is conpared in a conparator 59 with a constant val ue word
signal 3 0 THRESHOLD 1 that is equal to 8% of the magnitude of word signal
NSET. The desired period length of signal A kDv is contained in

TA) TB()
.L- CF{dsj) —l .
SA(d+j+) SB(d+}4l)

Lo

CA(4s})

03(4*}4)%.?

FORi:=0TO3 FORj:<0707

FIG. 3
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word signal NSET. Conparator 59 generates a word signal 59a when the error
in the length of the period of signal OkDiv, as neasured by the nunber of
clock cycles of signal Clk, is greater 3 5 than 8% of the desired period

| engt h of signal C kDiv. 1 4 Signal 59a is coupled to a reset input
term nal RESET 5 of a 6-bit counter 61 that counts up once in each period
of clock signal C kD v, when counting is enabled in counter 61. Counter 61
produces a signal 6la, the nobst-si gnificgnte bit MSB of counter 61.
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Counting is enabled in counter 61 when signal 59a is generated. Signal 6la
is coupJed*via an OR gate 62 to a "J" input 10 termnal 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 imedi ately preceding periods H of signal kD v, the error
in the length of the period of signal ClkDi v, as provided by the val ue of
signal [err], be greater than 8% of the desired period length. 1 5

As | ong as such 32 periods H of signal CkDiv of FIGURE 9a have not

el apsed, RCVCO 53 of FIGURE 1 is noi g fected, referred to as an idle node
operation and depicted in a path 19 / t he fIOM/chart of FI GURE 5.

Advant ageously, the idle node occurs in a nmanner to prevents the qgeyrrence
of the coarse

2
MEASURE PHASE ERROR

MEASURENERR |~ 197
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20 frequency correction node, for example, throughout a vertical
interval ¢VBI). During the vertical blanking inte

of FIGURE 1 occur.

of error signal |

prevent signal CFR frg#Battaini ng thesdESEUE state, throughout ertical
bl anki ng interval. ore, operati n the coarse 3 0 frequency
correction node is & ted. As a ng t he operatlon |n the idle
node, advant ageouslga%phase of 3:_. g___.s
S2ES % © ES E:s5
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Pul ses EP have a period that
Therefore, equalizing pul ses EP in signal
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desired period | ength.

EP of FIGURE 1 is smaller than 32, cou r 61 and "OR' gate 6

rval ,

bl anki ng
equal i zi ng pul ses EP"-
is one-half of period H

HSRef of FIGURE 1 produce a val ue
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53 is not disturbed throughout the vertical blanking or retrace interval.
Assune_that the nunber of periods of signal kD v in 3 5 which error
signal I Neff | is greater than 8% of the desired period |l ength exceeds 32.
Thi.s situation is indicative of a |arge frequency 1 5 error not due to
operation in the vertical blanking interval. 5 Therefore, signal CFR of

flip-flop 63 of FIGQURE 7A woul d be generated at the TRUE state. Wen signal
CFR is generated, it L
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causes PLL 100 of FIGURE 1 to operate in the coarse frequency error
correctlt Qm* node of operation. During operation in the coarse frequency
error correction node, coarse frequency error is 1 O 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. FIGURE 10 illustrates a nore detail ed diagram of charge punp
stage 54 of FIGURE 1. Simlar synbolsmﬁ ﬁﬁnunerals 15in FLOURES 1, 2A-2C,
3-6, 7A, 7B, 9a-9c and 10 indicate si ? items or functiofe. The table in
FI GURE 10 provides the direction of signal flow and the sta§§ of the
swtches in stagq 54. Throughout the coarse frequency errorceorrection
node, charge
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punp stage 54 of FIGURE 10 produces anal og control signal VCOCV 20 of
RCVCO {3 ,0f FIGURE 2A at a constant level that is equal to reference

vol tade VREF, provided via a switch SW. of FI GURE 10. Signal VCOCV of
FIGJRE 10 is established approximately at its mddle voltage variation
range. In the coarse frequency error correction node, a 5-bit 25 binary
counter 66 of FIGURE 6 counts up or down alternate pul ses of signal C kbDiv.
The direction of counting in counter 66, up or down, is determned in
accordance with the state of a nost significant or a sign bit SIGN of word
signal NERR A 5-bit output word signal THHE4:0) of counter 66 is coupled
to an input of a 30 decoder 64, referred to herein as a "thernoneter"”
decoder.

00000 0000 0000 0000 0000 0000 000G 0000 0000
00001 0000 0000 0000 0000 0000 0000 0000 0001
00010 0000 0000 0000 000G 0000 0000 0000 0011
00011 0000 0000 0000 00OC 0000 0000 0000 0111
00100 0000 0000 0000 0000 0000 Q00O 0000 1111
00101 0000 0000 0000 00OC 0000 0000 0001 1111
00110 0000 0000 0000 0000 G000 0000 0011 1111
00111 0000 0000 0000 0000 0000 0000 0111 1111
01000 0000 0000 0000 0000 0000 0000 1111 1111
01001 0000 0000 0000 0000 0000 0001 1111 1111
01010 0000 0000 0000 0000 0000 0011 1111 1111
110101 0000 0000 0000 0000 00CO O111 1111 1N
12 01100 0000 0000 0000 0000 0000 t111 1111 1114
13 01101 0000 0000 0000 0000 0001 1111 1111 1111
14 01110 0000 0000 0000 0000 0011 1111 1111 1111
15 01111 0000 0000 0000 0000 O111 1111 1111 1111
16 10000 0000 0000 0000 00O 1111 1111 1111 1Y
17 10001 0000 0000 0000 0001 1111 1111 1111 1111
18 10010 0000 0000 0000 0011 1111 1111 1111 111
19 10011 0000 0000 0000 O111 1111 1111 1111 1111
20 10100 0000 0000 0000 1111 1111 1111 1111 111
21 10101 0000 0000 0001 1111 1111 111 1111 1111
22 10110 0000 0000 o0O011 1111 1111 111 1111 1M
23 10111 0000 0000 O111 1111 1111 1111 1111 111
24 11000 0000 0000 1111 NN N1 1M1 1M1 1N
25 11001 0000 0001 1111 1111 1111 1111 1111 1IN
26 11010 0000 0011 1111 1111 111 1111 1111 1IN
27 11011 0000 0111 1111 111 111 111 1111 1N
28 11100 0000 1111 1111 1111 1111 1111 1111 1IN
29 11101 0001 1111 111 1Mt 1 111 111t 1N
30 11110 o011 1111 1111 111 1 11t 1111 111
31 11N oM 111 1111 11 11 1Mt 11 1IN

CFRL{40) CH{31:29) CF23:28) CF{15:12) CF(74)
CF27:24) CF{19:16) CF{11:8) CF(3:0)

FIG. 8
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Ther nonet er decoder 64 produces the aforenentioned 32 separate control
signals G 4j +i) by decoding the 5-bit signal CFRL(4:0). The table of
FI GURE 8 shows those of signals CF(4j+i) of 3 5 FIGJURES 2A, 2B and 8 that
are-at the TRUE state and those that are at the FALSE state for each val ue

of 5-bit word signal 1 6 CFRL(4:0) of FIGURES 6 and 8. In the table of
FIGURE 8, binary "1" 5 represents the TRUE state and binary "0"
represents the FALSE 12/16
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state. As shown in FIGURE 8, when counter 66 of FIGURE 6 counts up, only
one of gontrol signals CF(4j+i) of FIGURE 8 changes state. The change in
state is fromFALSE to TRUE state. Simlarly, when counter 66 of FI GURE 6
counts down, only one of control signals 1 0 CF(4j+i) of FIGURE 8 changes
state; whereas, the change in state is fromTRUE to FALSE. In the coarse
frequency error correction node, a neasure/control sequencer unit 67 of

FI GURE 6 generates a signal CFREnabl e‘glﬁ enabl es counter 66 to count

up/ down alternate 1 5 pul ses of_signa Div. Alternate pul ses of signal

C kDiv occur in alternate peridgs H of signal HSRef. -Only duringemervals
CONTROL, that occur in alternat$ periods Oég gnal HSRef of FI GURE—
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9b, between intervals MEASUREMENT, signal CFREnabl e enabl es counter 66 of
FIGURE 6 t® change states. During the other 20 al ternate periods of
signaI“HSRef of FI GURE 9b, when intervals MEASUREMENT occur, the val ue of
signal NCL is neasured, 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 neasured. By preventing counter 66 25
of . FIGURE 6 from changi ng states, duringhf { ven interval MEASUREMENT of
FI GURE 9b, the frequency of RCVCO 53 of / E 1 does not change at the
sane time that the frequency of RCVCO 53 is being neasured. Thus, a given
swtching step in the coarse frequency correction node requires two

hori zontal cl ock
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30 pul ses of signal O kDiv and occurs every pair of periods H As a
resul t_of “not having the frequency of RCVCO 53 changed when it is being
neasured a nore stable and precise frequency control operation is

obt«ai ned. For expl anati on purposes of the coarse frequency error 35
correction node, assune that, in a given interval MEASUREMENT of FI GURES 9a
and 9b, denoted as interval 602, the neasured 1 7 frequency of signal

C k of RCVCO 53 of FIGURES 2A-2C is hiqggqs

FIG. 12A 15w r R
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5 than required. Such situation is indicated by the occurrence of a
posi | jve™val ue of signal NERR of FIGURE 6. Consequently, at the end of the
imediately follow ng interval CONTROL of FI GURES 9a and 9b, denoted as

i nferval 603, counter 66 of FIGURE 6 is increnmented. The result is that a
correspondi ng pair of capacitors 1 0 CA(4)+i) and CB(4j+i) of FIGURES 2A,
2B and 2C are switched-+tn, in accordance with updated increnmented val ue of
word signal CFRL(4:0) of FIGURE 6. The'IG/ﬂ(ﬁat ed val ue of signal CFRL(4:0) is
i ncrenented or decrenented in accordance with the sign bit SIGN of signal
NERR of FI GURE 6. Because additional pair of capacitors 1 5 is coupled to
the positive feedback paths, a decrease in the frequency of signal dk
occurs. On the other hand, if the
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frequenﬁ/ of si gnal
CA(4jx+i® and CB(4j+i) of FIGURES 2B or 2C woul ¢ be

decouypl eda]f romthe positive feedback paths. The @WAQMW§H§ET
occurs in the imediately follow ng interval Cf
FI GURES 9a ard 9b, causing an increase in the f
FI GURES 2A- 2C
a change of state in counter 66 causes only on¢
capacitors in the corresponding pair of dositi

respectively,

Ro2265-2 ROS

CLk is lower than required, a pair of capacitors

Ther not er decoder 64 of FlI GURE

e feedback pat hs,
to be switched in or out and no bt RAAEEF RECEIEDast/tldk.s. i.s

ohy

af fected, as explained before. Therefore, advantageously, the change,

i ncrease or decreas%ngﬁgﬂﬂATﬁmmm SWITCHED REACTIVE ELEMENTS
5 The invention relates to an arrangement for

10

15

20

25

30

35

generating a clock signal.

Digital video signal processing systems with features
such as on-screen display of text and picture-in-picture for both
television receiver and video tape recorder signal sources may

require a clock signal that is phase locked to a horizontal

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 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

with each of the NTSC, PAL and SECAM systems.

It may further be advantageous to operate the PLL
with 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,

utilizes both digital and analog control of an R-C Voltage-

Controlled Oscillator to acquire and maintain phase lock of an
output clock with respect to an input horizontal sync signal.

Depending on the magnitude and consistency of the output clock
phase and frequency error, the system automatlcally selects one
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of signal Ck of FIGURE 2C i s nonotohical and not affected by 30 conponent
tol erances. Thus, for the entire frequency range, the frequency of signal
C k iss proportional to the value of word signal CFRL(4:0) of FIGURE 6. For
expl anati on purpose, assune that prior to the end of a given i'nterval
CONTROL, denoted as an interval 601, of 3 5 FIGURES 9a and 9b, the val ue of
Si gnal CFRL(4:0) of FIGURE 6 is equal to 23. The value 23 corresponds to

j =5 and i =3, since 18 )

of, for example, five control modes of operation of varying
5 sensitivity. The control modes of operation are such that large
errors result in large, coarse corrective actions, and small errors
result in small, or fine corrective actions.
In a PLL, embodying a different inventive feature, a
frequency of an output signal of an oscillator is controlled in

10 accordance with switched capacitors that are selectively coupled
to a positive feedback path of the oscillator. A given group of
switched capacitors selects a corresponding frequency range
portion selected from an entire range of frequencies of the
oscillator output signal. By varying the selection of the switched

15 capacitors, the frequency range portion of the frequencies of the
oscillator varies. Within the given frequency range portion, the
frequency of the oscillator output signal is controllabie by a
control signal without varying the selection of the switched
capacitors. The control signal can vary the oscillator frequency

20 only within a limited portion of the entire range of frequencies.
Therefore, stability and noise immunity is increased.
Advantageously, jitter of the output signal of the oscillator is also
reduced. Consequently, the oscillator can be realized with
capacitors that can be fabricated within an integrated circuit. The

25 integrated circuit may also include the remaining active circuit
elements of the oscillator. When a large frequency error occurs
between the horizontal synchronization signal and an output
signal of the oscillator, the PLL operates in a coarse frequency
correction mode.

30 In accordance with a further inventive feature, in each
capacitor switching step that occurs in a sequential manner, a
predetermined pair of the switched capacitors are either both
coupled to the positive feedback path or both decoupled from the
positive feedback path, in accordance with the direction of the

35 frequency error. The frequency of the oscillator output signal
changes progressively in the same direction, or monotoneously, in
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4j +i =23% As expl ai ned before, i is selected only fromthe values 0 5 to 3
and, j is selected only fromthe values 0 to 7. Further assune that the
signsbit SIGN of signal NERR is such that counter 66 of FIGURE 6 counts up,
at the end of interval 601. Thus, in a subsequent interval MEASUREMENT,
denoted as an interval 602 of FI GURES 9a and 9b, signal CFRL(4:0) of FIGURE
1 0 6 contains an increnental 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 switched in and
coupled to the corresponding pair of positive feedback paths in RCVCO 53 at
the end of interval 601 of FIGURES 1 5 9a and 9b. The sw tched capacitors
that were al r eagdchcoupitaddngostep in the sequence of steps until the frequency

5 error changes direction. When the frequency error changes
direction, operation in the coarse frequency correction mode
ceases and any remaining frequency error is relatively small.
Advantageously, monotonically changing the frequency of the
oscillator output signal simplifies the control of the PLL because in

10 each step the direction of the change of the frequency is not
dependent on tolerances of, for example, the capacitors.

An apparatus, embodying an additional inventive
feature, for generating an oscillatory signal that is locked to an
input signal, includes an amplifier. A plurality of switched

15 reactive elements selectively coupled in a positive feedback path
formed between an output and an input of the amplifier are
provided. The oscillatory signal has a frequency that is selected
from a corresponding portion of a range of frequencies in
accordance with a selection of the switched reactive elements. A

20 frequency error is measured between the oscillatory and input
signals. A first switching control signal that is coupled to a
switching arrangement associated with the switched reactive
elements is generated to select the switched reactive elements in
accordance with the frequency error. When the frequency error

25 exceeds a first value, the selection of the switched reactive
element varies in switching steps of a coarse frequency correction
mode of operation to reduce the frequency error progressively in
successive switching step. A second control signal that is coupled
to a control input of the amplifier is generated for varying the

30 frequency of the oscillatory signal within the corresponding
portion of the range. The frequency error is corrected in a fine
error correction mode of operation when the frequency error does
not exceed the first value, without varying the selection of the
switched reactive elements.

35 FIGURE 1 illustrates a block diagram of a phase-lock-
loop. (PLL), embodying an aspect of the invention;
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the cofrespondi ng positive feedback paths, prior to the end of interval 601
of FIGQURES 9a and 9b, will not be affected by the increnent of the val ue of
sigiRal CFRL(4:0) of FIGURE 8. In this way, capacitors CA(4j+i) and CB(4j+i)
of FI GURES 2B and 2C are 20 switched in or out in a progressive or
nmonot oni cal manner. I n each interval CONTROL of FI GURE 9b, the change in
the frequency of RCVCO 53 of FlI GURES 2A-2C is approxi mately 4% of the
entire range of operating frequencies of RCVCO 53. Thus, the entire
frequency range of RCVCO 53 can be sequénced in 32 25 capaci tor sw tching
steps or fewer. Sign bit SIGN of signal NERR of FIGURE 7A is coupl ed, both

del ayed and undel ayed, to a lgalr of input termnals of an
FIGURES 2A, 2B and 2C illustrate a detailed schematic

5 diagram of a programmable switched R-C voltage controlled
oscillator of the PLL of FIGURE i;
FIGURE 3 illustrates a switched capacitor arrangement
of the oscillator of FIGURES 2A-2C; _
FIGURE 4 illustrates waveforms useful for explaining
10 the arrangement of FIGURES 2A-2C;
FIGURE 35 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 1;
15 FIGURE 8 is a table useful for explaining the operation
of a decoder of FIGURE 1;
FIGURES 9a-9c are waveforms useful -for explaining
the operation of the PLL of FIGURE 1;
FIGURE 10 illustrates a schematic of a charge pump
20 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
25 FIGURES 13a-13d illustrate waveforms useful for
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
30 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
35 15,734 Ha.
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excl usisve or gate 69. The del ayed sign bit is produced in a latch 68. Gate
69 produces an output signal 69a that is coupled to a "K' 3 0 input
termnal of J-K flip-flop 63. In carrying out an inventive feature,

swi tched capacitors CA(4j+i) and CB(4j+i) are switched in or swtched out
of the positive feedback path in steps of a negative feedback | oop. The
generation of signal CFR is disabled and operation in the 3 5 coarse
frequency error control node ceases when the difference between the
measur ed and expected | engths of the perg§od of

An oscillatory signal ClkDiv is produced at an output of

S 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)
53. Output signal Clk may be used in various stages, not shown, of
the television receiver for video signal processing. In steady state

10 operation, the frequency of signal Clk is equal to N x fy. 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-
2600 is provided by a constant digital word signal Nset that is
coupled to counter 52 for presetting counter 52 once in each

15 period of signal ClkDiv.

FIGURES 2A, 2B and 2C illustrate a schematic diagram
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

20 pair of transistors MP9 and MP10. A current source transistor
MP8 produces a corresponding source electrode current in each of
transistors MP9 and MP10. Amplifier 531 .includes load resistors
R5 and R6 of transistors MP9 and MPI10, respectively. Similarly, a
differential amplifier 532 of FIGURE 2C is formed by transistors

25 MP11, MP12 and MPI3 and load resistors R7 and R8. A pair of

. signals X2a and Xla developed in load resistors RS and R6 of
amplifie'r 531 are coupled to gate electrodes of transistors MP12
and MP13 via a pair of R-C delay networks 533a and 533b,
respectively, that produce nominally the same phase shift. The

30 phase shift produced by network 533a or 533b is controllable in a
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

35 non-switched capacitor C1A. A switched capacitor bank SWA(O) is
also coupled to capacitor C1A. A delayed sigp_al TA(O) is
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1 9 sighal kD v, as determ ned by the sign bit SIGN of signal NERR 5
changes sign. The sign change of signal NERR is indicative of attaining a
freqguency error that is smaller or equal to 4% of the entire frequency
range. Thereafter, counter 66 of FIGURE 6 ceases to change states and the
| ast state of signals CFRL (4:0) and CF (4] +i) remains unchanged. 1 O
Signal NERR of FIGURE 7B is coupled to a first input A of a subtractor 70.
Si gnal NERR, delayed via a latch 71 by one period of signal CkDiv, is
coupled to a second input B of subtractorg70. An absolute value of a

di fference between the input signals of subtractor 70 is obtained in an
absol ute value form ng stage 72

developed at a junction terminal TA(O)a, between capacitor Cl1A
5 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(l) 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
10 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
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
15 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.
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
20 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
further delayed via a resistor RSA and a capacitor CSA to produce
a further delayed signal TA(4). Similarly, delay network 534b
includes resistors R3B, R4B and R5B that are analogous to resistors
25 R3A, R4A and R5A, respectively, and capacitors C3B, C4B and C5B
: that are analogous to capacitors C3A, C4A and CS5A, respectively.
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.
- Signals TB(3) and TA(3) are coupled to gate electrodes
30 of a pair of transistors MP3 and MP2, respectively, of an analog
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.
35 In multiplier 535, transistors MP2 and MP3 form a
differential amplifier 535a having a controllabie gain. - Similarly,
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15 and is conpared in a conparator 73 against a value contained in a
digital word signal THRESHOLD 2. Assume that the period length error of
signal O kDiv changes, froma given period Hto the immediately foll ow ng
one of signal A kDiv, by less than 2% of the expected period |l ength of 20
clock signal kD v. The 2% threshold value is contained in signal
THRESHOLD 2. Therefore, a signal CONSI STENCY is generated in an output 73a
of conparator 73. Thus, signal CONSI STENCY i s generated when the magnitude
of signal NERR varies by no nore than 2%%f the value of signal NSET of
FIGURE 6 fromone clock 25 period Hto the i mediately fO||OWI ng one of

signal kD v. It follows_that Sll\/[(i’nal CONSI STENCY of FIGURE 7
i ndi cati ve of t Hansistor MP6 and 7 form a differential amplifier 535b having

5 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 MPS that form a
differential amplifier 535c. The drain currents in transistors MP1
and MP2 vary in opposite directions in accordance with a voltage

10 difference between gate electrodes of transistors MPl 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 MP5 of FIGURE 2A to control

15 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 transistor MP6 to develop a sum signal X1.
Signal X1 is developed in a pair of parallel coupled load resistors

20 R10 and RI2 and is coupled to the gate electrode of tramsistor
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 Ri3 and is coupled

25 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
signal X1 is determined by the vectorial sum of a pair of signals

30 having a phase difference therebetween produced from the drain
currents in transistors MP2 and MP6, respectively. Thus, the
phase shift of signal X1 varies in a fine or gradual manner when
analog signal ‘VCOCYV that is coupled to amplifier 535c varies in a
gradual manner. Similarly, the phase shift of signal X2 also varies

35 in a fine or gradual manner in accordance with signal VCOCV.
Signal X1 is nominally at an opposite phase with respect to signal

¥
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presence of a stable and noise free synchronizing signal HSRef and error
signal Nerr. Signal [err] of FIGURE 7A is conpared wwth a 30 constant
value that is equal to 2 in a conparator 60. Conparator 60 generates a
signal 60a when the error or difference in the period |length of signal

CkDiv with respect to that of signal HSRef is smaller than 2 cl ock periods

of signal C k. Assune that all of the follow ngs occur: signal 3 5

CONSI STENCY of FIGURE 7A is produced, the value of signal [err] is greater

than or equal to 2, but smaller than 8% o8 the val ue of

X2. Varying the phase shift of signal X1 or X2 causes the
5 oscillation frequency of RCVCO 53 and of signal Clk to vary, as
explained later on.

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

10 delay networks. The R-C delay networks are formed in RCVCO 53
using integrating circuit fabrication technique.

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

15 after power is applied. To provide the coarse frequency
correction mode, the aforementioned four switch-capacitor banks,
SWA(i), are provided. The parameter "i" that designates the
switch-capacitor bank assumes the four values, O to 3. Switch-
capacitor banks SWA(i) are coupled to four corresponding

20 terminals where signals TA(i), referred to before, are developed.
Thus, a given bank SWA(i) is coupled to a corresponding terminal
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),

25 referred to before, are developed. In the same way, the
parameter "i" assumes the values 0 to 3. :

Each bank SWA(i), such as bank SWA(0) of FIGURE 2B,
includes eight parallel coupled switch-capacitor arrangements. A
given switch-capacitor arrangement of a given bank SWA() is

30 formed by a transistor switch SA(4j+i), shown in FIGURE 3, that is
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

35 to 7.




20 sigmal Nset, as provided in signal 60a of FIGURE 7A and signal CFR 5 is
not generated. Therefore, an "AND' gate 74 produces a signhal FFR Signal
FFR #nitiates and establishes a fine or gradual frequency error correction
node of operation in which the state of coupling or decoupling of the

swi tched capacitor in FIGURES 2A-2C is not affected. Flow chart paths 202,
203, 204 and 205 in the 1 0 flow chart of FIGURE 5 depict the conditions
for the generation of signal FFR of FIGURE 7A. On the other hand, should
si gnal CONSI STENCY not be generated, RCVE0O 53 of FIGURE 1 will not be
affected, resulting in the aforenenti oned idle node of operation,

A given transistor switch SA(4j+i) of FIGURE 3 is
5 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
coupled transistor switch-capacitor arrangements, such as, for
10 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
2B and 2C designated by a common value "i", such as, for example,
15 banks SWA(O) 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
that is described later on. Thus, the total of 32 pairs of switches
20 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)
that controls such pair of switches is the same., The value of “j" is
also common for the given pair of switches SA(4j+i) and SB(4j+i)
25 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#1) of the corresponding
" bank SWA() and a corresponding capacitor CB(4j+i) of the
corresponding bank SWB(i) are switched in or coupled via a pair
30 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
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
35 state, the corresponding pair of capacitors are switched out or
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as depieted in flow chart paths 197, 204 and 209 of the flow chart 1 5 of
FIGURE 5. In the fine frequency error correction node, signal FFR of FlI GURE
7A cantrols the operation of charge punp stage 54 of FIGURE 10 for varying
anal og signal VCOCV. Variation of signal VCOCV causes the frequency of
RCVCO 53 of FIGURE 1 to vary in a 20 gradual manner and w thout sw tching
steps of the switched capacitor, unlike in the coarse frequency error
correction node. Signal NERR of FIGURE 6 is coupled through a word limter
75 to a pulse generator 76. Limter 75 pnd@duces an eight- bit, 2's

conpl enent word signal 75a fromthe | east significant 25 eight bits of
signal NERR Signal NERRis a 13-bit word signal

decoupled, causing an increase in the oscillation frequency of
5 signal Clk of FIGURE 2C. '

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

10 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

15 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

20 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
the gates of transistors MP4 and MP8 of FIGURE 2B and transistor

25 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 MPI11 is 1.5
mA. Circuit 537 of FIGURE 2A maintains stability of the
frequency of the -oscillator with respect to supply voltage change.

30 Simulation shows that sensitivity 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(l),
TB(2), TB(3) and TB(4), defining a first positive feedback path, are

35 differentially symmetrical with respect to signals X1, Y2, TB(0),
TB(1), TA(2), TA(3) and TA(4), respectively, defining a second
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Shoul d t he magni tude of signal NERR be | arger than what can be represented
by eight-bit word signal 75a, signal 75a would be established at a val ue
that sis equal to the upper limt, positive or negative, of an eight-bit,
2's conplenment word. Word signal 75a 30 is stored in a binary counter, not
shown, of a pul se generator 76. Pul se generator 76 generates a pul se of a
signal FFRUP or a pulse of a signal FFR DN, in accordance with bit SIGN of
signal NERR A given pul se of output S|gp? FFR_UP has a pul se width that
is proportional to the magnitude of errot!signal NERR 3 5 and is produced
when the value of signal NERR is negative Signal FFRUP occurs when the

frequency of signal Gk is |aower )
positive feedback sxgnal path Therefore, phase difference

5 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
a temperature variation occurs. RCVCO 53 oscillates at a
frequency which is determined by the total phase shift in its pair

10 positive feedback paths.

In accordance with an inventive feature, as explained
before, a pair of capacitors CA(4j+i) and CB(4j+i) of FIGURES 2A-2C
are switched in together or switched out together., Therefore,
advantageously, the differential symmetrical configuration is not

15 disturbed in each step of the coarse frequency error correction
mode.

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),

20 resulting in maximum frequency or minimum period of signal Cik
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

25 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
points CO, that occur when the instantaneous values of signals Y1
and Y2 are simultaneously the same, occur at the opposite phase.

30 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
affected by gain variations and temperature caused component

35  variations. Therefore, advantageously, a relatively simple
differential-to-single ended translation circuit 536 of FIGURE 2C
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2 1required. Similarly, a given pul se of signal FFR_DN has a pul se 5

width that is proportional to the magnitude of signal NERR and occurs when
the frequency of signal Ak is higher than required. Under the control of
signal FFR, signal FFR_UP or FFR_ DN of FIGURE 10 is sel ected and coupl ed

t hrough the corresponding one of a pair of two-input nultiplexers 54a and 1
0 54b and through the corresponding one of a pair of gates 54c and 54d to

t he correspondi ng one of a pair of control term nals 54ca and 54cb of the
correspondi ng one of a pair of switchesl@A and

that receives signals Y1 and Y2 and is formed by transistors
S MPI15, MP16, MN20 and MN21 and gates Ul and U2 generates
signal Cik 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

10 at 350 Hz. The short term stability of RCVCO 53 within 1 second is
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

15 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
1, 2A-2C, 3-6, 7A and 7B indicate similar items or functions.

20 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
and 9b illustrate an example of the pulses of signals ClkDiv and

25 HSRef, respectively, of FIGURE 6. Similar symbols and numerals in
FIGURES 1, 2A-2C, 3-6, 7A, 7B and 9A-9C indicate similar items or

functions.
Counter 56 of FIGURE 6 counts pulses of signal Clk that
occur during a given period H and referred to as an interval

30 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
number of clock pulses or periods of signal Clk that occur during a
given period of signal HSRef. Thus, signal NCL contains the ratio

35 between the frequency of signal Clk and that of signal HSRef.
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SWL. When the pul se of signal FFR UP is generated, switch SWB couples a
positive pulse current 13 to a termnal 54f., Simlarly, 1 5 when the pul se
of sisgnal FFRDN i s generated, switch SW coupl es a negative pul se current
|4 to termnal 54f. A capacitor Cnt, fornmed using an integrating circuit
fabrication technique, is coupled in parallel with a discrete capacitor
Cext via switch SWL. This is done by having the selector 20 of switch SW
coupled to termnal 54f in the fine frequency correction node. The control
of switch SW. is shown by the table in ASURE 10. Consequently, capacitors
Cext and Cint are charged in parallel, when signal FFR UP is produced, by
an anount that is proportional to the pulse width of signal FFRUP.

Capaci tors Cext Signal NCL is coupled to a subtractor 65 that generates

5 a binary word signal Nerr by forming a difference between the
value of signal NSET and that of signal NCL. Signal NSET is a
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

10 signal CLKH occurs. Signal CLKH occurs immediately following that
period H of signal HSRef during which signal Nerr is measured and
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

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_I 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 CIk, is greater

35 than 8% of the desired period length of signal ClkDiv.




25 and Cint are discharged, in a simlar manner, when signal ‘FFRDN occurs.
Si gnal VCOCV is produced in capacitor Cext and is coupled to RCVCO 53 of
FIGURE 2A. Sinmlarly to the coarse frequency error correction node, and for
simlar reasons, during intervals MEASUREMENT, 3 0 that occur during
alternate periods H of signal HSRef of FIGURE 9b, the frequency of signal

G k does not change sinultaneously wth the neasurement of the frequency
error. Charging/discharging of capacitors Cnt and Cext of FIGURE 10, in
accordance with signal NERR, is enabled baly during the other alternate
periods intervals 35 CONTRCL of signal HSRef of FIGURE 9b. During.
operation in the fine frequency error correction node, the difference bet

Signal 59a is coupled to a reset input terminal RESET

5 of a 6-bit counter 61 that counts up’ once in each period of clock
signal ClkDiv, when counting is enabled in counter 61. Counter 61
produces a signal 6la,. the most-significant-bit MSB of counter 61.

Counting is enabled in counter 61 when signal 59a is generated.

Signal 6la is coupled via an OR gate 62 to a "J" input

10 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 CIkDiv, the error in the length of the
period of signal ClkDiv, as provided by the value of signal |Nerr|,
be greater than 8% of the desired period length.

15 | As long as such 32 periods H of signal CIkDiv 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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22 period length of signal kD v and that of signal HSRef is brought 5
to within 2 period length of signal Ok or approxinmately 0.2% of period H
of skgnal HSRef. The correction range that is produced by signal VCOCV in
the fine frequency error correction node is approximtely [err] of the
entire frequency range of RCVCO 53 of FIGURES 2A-2C. 1 0 Therefore,
advant ageousl y, signal VCOCV has a sufficiently |large range that overl aps
each range of frequencies associated with a

error not due to operation in the vertical blanking interval.

5  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
error correction mode of operation. During operation in the coarse
frequency error correction mode, coarse frequency error is

10 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.
FIGURE 10 illustrates 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 5-bit
. 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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given 3witching step of signals CF(4j+i) that occurs in the coarse
frequency error correction node. This is so because, as expl ai ned before,

t he.range of frequencies associated with a given switching 1 5 step in the
coarse frequency error correction node is equal to 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. As expl ai ned before, when signal CONSI STENCY of 20 FIGURE 7B is
not generated, the idle node of operatibf occurs. The idle nbde occurs
when, for exanple, signal HSRef of FIGURE 1 is contam nated with noise. In
the idle node, swtch SW. of FI GURE 10 decoupl es capacitor Cext from

term nal 54f. TIERE(40kof FIGURES 6 and 8. In the table of FIGURE 8, binary "1"
5 represents the TRUE state and binary "O" represents the FALSE
state. As shown in FIGURE 8, when counter 66 of FIGURE 6 counts
up, only one of control signals CF(4j+i) of FIGURE 8 changes state.
The change in state is from FALSE to TRUE state. Similarly, when
counter 66 of FIGURE 6 counts down, only one of control signals
10 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
measurefcontrol sequencer unit 67 of FIGURE 6 generates a signal
CFR_Enable that enables counter 66 to count up/down alternate

15 pulses of signal ClkDiv. Alternate pulses of signal CikDiv occur in
alternate periods H of signal HSRef. -Only during intervals
CONTROL, that occur in alternate periods of signal HSRef of FIGURE
9b, 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 measured, a more stable and precise frequency control
operation 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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capaci tor Cext of FIGURE 10 is neither charged nor discharged and 25

signal VCOCV is nmaintained relatively constant. In the idle node, signa
VCOCV is coupled via a unity gain anplifier and a swtch SW2 to capacitor
C nt such that the capacitor voltage in term nal 54f of capacitor G nt
tracks the voltage of signal VCOCV. The control of switch SW is shown by
the table in FIGURE 10. 3 0 Assune that after an interruption
interval in signal HSRef of FIGURE 1, normal operation signal HSRef is
restored such that signal CONSI STENCY of Kl GURE 7B i s agai n produced.
Because of the operation in the idle node, signal VCOCV of FIGURE 10 is not
di sturbed and is nore likely to be already naintained at the 3 5

approxi mately regbqicity! 6 SlgnhD CIR IR VA3 BRAEGURES 2A-2C is higher
5 than required. Such situation is indicated by the occurrence of a
positive value of signal NERR of FIGURE 6. Consequently, at the
end of the immediately following interval CONTROL of FIGURES 9a
and 9b, denoted as interval 603, counter 66 of FIGURE 6 is
. incremented. The result is that a corresponding pair of capacitors
10 CA(4j+1) 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
incremented or decremented in accordance with the sign bit SIGN
of signal NERR of FIGURE 6. Because additional pair of capacitors
15 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
20 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
25 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,
advantageously, the change, increase or decrease, in the frequency
of signal Clk of FIGURE 2C is monotonical and not affected by
30 component tolerances. Thus, for the entire frequency range, the
frequency 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
35 FIGURES 9%a 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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operatieon after the interruption interval in signal HSRef has 23 ended.
Thus, transient condition in PLL 100 of FIGURE 1 may be, 5

advant ageously, of .short duration. FIGURE 11 illustrates in nore detail a
phase detector 51 of FIGURE 1 that is used in a phase error correction node
of operation. FIGURES 12a-12g illustrate correspondi ng wavefornms. Sim | ar

synbol s and nunerals in FIGQJURES 1, 2A-2C, 3-6, 7A 7B, 8, 1 0 9a-9c, 10,
11 and 12a-12g indicate simlar itens or functions.

18

4j+i=23, As explained before, i is selected only from the values O
5 to 3 and, j is selected only from the values 0 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
601, Thus, in a subsequent interval MEASUREMENT, denoted as
an interval 602 of FIGURES 9a and 9b, signal CFRL(4:0) of FIGURE

10 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
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.

In carrying out an inventive feature, switched
capacitors CA(4j+i) 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

35 coarse frequency error control mode ceases when the difference
between the measured and expected lengths of the period of
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Detectos 51 of FIGURE 11 includes a D-type flip-flop 51c that is clocked by
signal HSRef and reset by signal kD v. Flip-flop 51c generates a given
pul se of signal FPH UP of FIGURE 12c when the | eading edge of signal CkDiv
of FIGURE 12b | ags behind that of 1 5 signal HSRef of FIGURE 12a. A D-type
flip-flop 51d of FIGURE 11 is clocked by signal kD v and reset by signal
HSRef via a one- shot nmultivibrator 51f. Flip-flop 51d generates a given
pul se of signal FPH DN of FIGURE 12g, when the | eadi ng edge of signal

Cl kDi v of FIGURE 12e | eads that of signal 9HSRef of FI GURE 12a. 20 The

pul se wdth of each of pulse signals FPH UP and FPH DN is proportional to

t he phase difference. Only one of pul se signals FPHUP and FPH DN can be
generated at a Gy QDI akl determined by the sign bit SIGN of signal NERR,

S changes sign. The sign change of signal NERR is indicative of
attaining a frequency error® that is smaller or equal to 4% of the
entire frequency range. Thereafter, counter 66 of FIGURE 6 ceases
to change states and the last state of signals CFRL (4:0) and CF
(4j+i) remains unchanged.

10 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
subtractor 70 is obtained in an absolute value forming stage 72

15 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
of signal ClkDiv, by less than 2% of the expected period length of

20 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
than 2% of the value of signal NSET of FIGURE 6 from one clock

25 period H to the immediately following 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

30 constant value that is equal to 2 in a comparator 60. Comparator °
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

35 CONSISTENCY of FIGURE 7A is produced, the value of signal | Nerr |

is greater than or equal to 2, but smaller than 8% of the value of
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Pul se signal FPH UP or FPHDN of FIGURE 7B is coupled via an "OR' gate 80 to
a 3-bit binary counter 81. When 25 the pulse width of either pulse is

smal ter than 2 clock periods of signal Clk, that is indicative of a
relatively small phase error, an output signal 8la is at a FALSE |evel.
Signal 8la is coupled via an inverter 82 to an input B of an "AND' gate 83.
Frequency error indicative signal 60a is coupled to a second input A of
gate 83. 30 Signal 60a is generated when signal [err] is smaller than 2,
representing 2 clock periods of signal A%. For exanpl e, follow ng
operation in the fine frequency error correction node, when both the phase

error is small, as indicated by signal 8la bei ngFat the FALSE | evel, and
t he signal Nset, as provided in signal 60a of FIGURE 7A and signal CFR

5 is not generated. Therefore, an "AND" gate 74 produces a signal
FFR. Signal FFR initiates and establishes a fine or gradual
frequency error correction mode of operation in which the state of
coupling or decoupling of the switched capacitor in FIGURES 2A-2C
is not affected. Flow chart paths 202, 203, 204 and 205 in the

10 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,
as depicted in flow chart paths 197, 204 and 209 of the flow chart

15 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
VCOCV causes the frequency of RCVCO 53 of FIGURE 1 to vary in a

20 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-
bit, 2's complement word signal 75a from the least significant

25 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
negative, of an eight-bit, 2's complement word. Word signal 75a

30 is stored in a binary counter, not shown, of a pulse generator 76.
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

35 and is produced when the value of signal NERR is negative. Signal
FFR_UP occurs when the frequency of signal Clk is lower than
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35 frequency error is small, as indicated by the generation of signal 60a,
gate 83 generates a signal FPH As a result, a fine phase 24 error
correction node occurs. Flow chart paths 202, 206, 207 and 5 208 in the
flow chart of FIGURE 5 depict the way the fine phase error correction node
I's obtained. In the fine phase error correction node, unlike in the fine
and coarse frequency error correction nodes, the phase error is both
nmeasured and corrected in each period H of signal HSRef of

21

required. Similarly, a given pulse of signal FFR_DN has a pulse
5 width that is proportional to the magnitude of signal NERR and
occurs when the frequency of signal Clk is higher than required.

Under the control of signal FFR, signal FFR_UP or
FFR_DN of FIGURE 10 is selected and coupled through the
corresponding one of a pair of two-input multiplexers 54a and

10 54b and through the corresponding one of a pair of gates S4c 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
3W4., When the pulse of signal FFR_UP is generated, switch SW3
couples a positive pulse current I3 to a terminal 54f. Similarly,

15 when the pulse of signal FFR_DN is generated, switch SW4 couples
a negative pulse current I4 to terminal S54f.

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

20 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
proportional to the pulse width of signal FFR_UP. Capacitors Cext

25 and Cint are discharged, in a similar manner, when signal FFR_DN
occurs, Signal VCOCYV 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,

30 that occur during alternate periods H of signal HSRef of FIGURE 9b,
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

35 CONTROL of signal HSRef of FIGURE 9b. During operation in the
fine frequency error correction mode, .the difference betw
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1 0 FI.GURE 9b. In the fine phase error correction node, anal og signal
VCOCV of FIGURE 10 that is proportional to the phase error is used to
acquire and naintain phase | ock condition. FIGURES 13a-13d illustrate
wavef orms useful for explaining the operation in the fine phase error
correction node. 1 5 Simlar synbols and nunerals in FIGURES 1, 2A-2C,
3-6. 7A, 7B, 8, 9a-9c, 10, 11, 12a-12g and 13a-13d indicate simlar itens
or functions. Wen signal FPH of FIGURE 7B i s generated, signal FPH_UP,
alternatively, FPHDN, of FIGURE 10 is caqupl ed through 20 nultipl exers 54a
and 54b and through gates 54c and 54d to term nals 54ca and 54cb of

sw tches SWB and SW4, respectively.

period length of signal ClkDiv and that of signal HSRef is brought

5 to within 2 period length of signal Clk or approximately 0.2% of
period H of signal HSRef.

The correction range that is produced by signal VCOCV
in the fine frequency error correction mode is approximately 8 %
of the entire frequency range of RCVCO 53 of FIGURES 2A-2C.

10 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
‘before, the range of frequencies associated with a given switching

15 step in the coarse frequency error correction mode is equal to
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.

As explained before, when signal CONSISTENCY of

20 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,
capacitor Cext of FIGURE 10 is neither charged nor discharged and

25 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 FIGURE 10.

30 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
not disturbed and is more likely to be already maintained at the

35 approximately required level for steady state phase lock
operation after the interruption interval in signal HSRef. has -
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1
Signal FPH UP, alternatively, FPHDN is applied to capacitors C nt and Cext
in the follow ng three operation sequence that occurs during each period of
signal Cd kD v of FIGURE 13B. 25 In the first operation of the
af orenenti oned three operation sequence, switch SWL of FIGURE 10 is at a
position HOLD. Should the pul se of signal PPH UP be generated, switch SWB
woul d coupl e positive pulse current 13 to termnal 54f. Simlarly, should
t he pul se of signal FPH DN be generated, switch 30 SW would couple
negative pulse current 14 to termnal 5423 Capacitor Cint is charged when
signal FPH UP is produced by an anmount that is proportional to its pul se
wi dth and is discharged when signal FPH DN is produced. Thus, capacitor
G nt and ended. Thus, transient condition in PLL 100 of FIGURE 1 may be,

5 advantageously, of short duration.

FIGURE 11 illustrates in more detail a phase detector
51 of FIGURE 1 that is used in a phase error correction mode of
operation. FIGURES 12a-12g illustrate corresponding waveforms.
Similar symbols and numerals in FIGURES 1, 2A-2C, 3-6, 7A, 7B, 8,

10 9a-9c, 10, 11 and 12a-12g indicate similar items or functions.
Detector 51 of FIGURE 11 includes a D-type flip-flop 51c 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¢c when the
leading edge of signal ClkDiv of FIGURE 12b lags behind that of

15 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
ClkDiv of FIGURE 12e leads that of signal HSRef of FIGURE 12a.

20 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
coupled via an "OR" gate 80 to a 3-bit binary counter 81. When

25 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
indicative signal 60a is coupled to a second input A of gate 83.

30 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
indicated by signal 81a being at the FALSE level, and the

35 frequency error is small, as indicated by the generation of signal
60a, gate 83 generates a signal FPH. As a result, a fine phase
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currents 13 and 14 operate as an integrator or a |ow pass loop 35 filter
that develops in capacitor Cnt a voltage proportional to the phase error.
25 In the second operation of the sequence, a pulse 5 generator 85 of

FI GURE 6 generates a pul se signal CHK of FIGURES 6 and 13c follow ng the
trailing edge of signal kD v of FIGURE 13B. Pul se signal CHK of FI GURE 6
causes, in a manner not shown, switch SW2 of FIGJURE 10 to open and switch
SWL. to couple "4

error correction mode occurs. Flow chart paths 202, 206, 207 and
5 208 in the flow chart of FIGURE 5 depict the way the fine phase
error correction mode is obtained.

In the fine phase error correction mode, unlike in the
fine and coarse frequency error correction modes, the phase error
is both measured and corrected in each period H of signal HSRef of

10 FIGURE 9b. In the 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
 explaining the operation in the fine phase error correction mode.
15 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
FPH_UP, alternatively, FPH_DN, of FIGURE 10 is coupled through

20 multiplexers 54a and 54b and through gates 54c and 54d to
terminals S4ca 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
during each period of signal ClkDiv of FIGURE 13B.

25 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.
Similarly, should the pulse of signal FPH_DN be generated, switch

30 SW4 would couple negative pulse current 14 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
currents I3 and I4 operate as an integrator or a low pass loop

35 filter that develops in capacitor Cint a voltage proportional to the

phase error. _ .
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capaciter Cext to term nal 54f. Thus, capacitors Cnt and Cext are 1 0
coupled in parallel. Therefore, the charge in capacitor Cext varies in
accor.dance with that of capacitor Cint and is determ ned by the neasured
phase error. In this way, charge transfer occurs between capacitors Cext
and Cint. In the third operation of the sequence, generator 85 of 1 5

FI GURE 6 generates a pulse signal INT of FIGURES 6 and 13d fol |l ow ng pul se
signal CHK of FIGURE 13c. Pulse INIT causes, in a manner not shown, swtch
SW. of FIGURE 10 to be in position HOLD &% switch SW to be closed. In
this way, the initial condition voltage is nmaintained in capacitor Cnt the
sane as in 20 larger capacitor Cext in preparation for the next first
operation in In the second operation of the sequence, a pulse

5 generator 85 of FIGURE 6 generates a pulse signal CHK of FIGURES
6 and 13c following the trailing edge of signal ClkDiv of FIGURE
13B. Pulse signal CHK of FIGURE 6 causes, in a manner not shown,
switch SW2 of FIGURE 10 to open and switch SW1 to couple
capacitor Cext to terminal 54f. Thus, capacitors Cint and Cext are

10 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.

In the third operation of the sequence, generator 85 of

15 FIGURE 6 generates a pulse signal INIT of FIGURES 6 and 13d
following pulse signal CHK of FIGURE 13c. Pulse INIT causes, in a
manner not shown, switch SW1 of FIGURE 10 to be in position
HOLD and switch SW2 to be closed. In this way, the initial
condition voltage is maintained in capacitor Cint the same as in

20 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 CIkDiv may suffer from less than, for
example, 2 ns jitter in the fine phase correction mode.

25 In accordance with another inventive feature, 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 magnitade of signal VCOCV be .
outside a predetermined voltage range. Signal OUT-OF-RANGE is

30 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 OUT-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 flow chart

35 of FIGURE S depict such situation. '
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the next three operation sequence the next three operation sequence occurs
In the next period of signal d kD v. Advantageously, signal ClkD v may
suffer fromless than, for exanple, 2 ns jitter in the fine phase
correction node. 25 I n accordance with another inventive
feature, fine frequency/phase control signal VCOCV of FIGURE 1 is also
coupled to a conparator 91. A signal OUT- OF- RANGE woul d be generated by
conparator 91 should the nagnitude of signal VCOCV be outside a

predeterm ned vol tage range. Signal OUT-ZF- RANGE is 30 indicative of a
situation in which signal VCOCV approaches a magnitude that is outside a

| i near control range of operation of RCVCO 53. When signal OUT-OF- RANGE i s
produced, PLL 100 Should the phase error be large, resulting in a time

5 difference between the leading edge of signal HSRef of FIGURE 12a
and that of signal ClkDiv of FIGURE 12b or 12c that is equal to or
greater than 2 clock periods of signal Clk of FIGURE 7B, signal 8la
would be generated. Signal 81a causes a flip-flop 84 to be "set”
and to generate an output signal PE_LAT. Signal PE_LAT is

10 coupled to flip-flop Slc and 51d of phase detector 51 of FIGURE
11 via "OR" gates 5la and S1b 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

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 9b 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 |Nerr] 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 ClkDiv. Thus, signal RST provides a coarse phase error correction




begi ns eperating in the coarse frequency control node that was expl ai ned
before. Flow chart paths 214 and 215 in the flow chart 35 of FIGJRE 5
depi gt such situation. 26 Shoul d the phase error be large, resulting in
atime 5 difference between the | eading edge of signal HSRef of FIGURE 12a
and that of signal kD v of FIGURE 12b or 12c that is equal to or greater
than 2 cl ock periods of signal Clk of FIGURE 7B, signal 8la woul d be
generated. Signal 8la causes a flip-flop 84 to be "set”

27

chart of FIGURE 5 depict the way the coarse phase correction

5 +mode is obtained. This mode can occur when, for example, the
phase of signal HSRef of FIGURE 1 that is produced in a video tape
recorder, changes abruptly, during a vertical retrace interval of a
playback mode. The coarse phase error correction is accomplished
via a signal path between RCVCO 53 of FIGURE 1 and phase

10 detector 51 in a manner that bypasses the signal path of signal
VCOCYV. As a result of the abrupt or coarse phase correction, the
phase of signal ClkDiv 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

15 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

20 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

25 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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and to generate an output signal PELAT. Signal PELAT is 1 0O coupled to
flip-flop 51c and 51d of phase detector 51 of FIGURE 11 via "OR' gates 5la
and. 51b for termnating or producing a trailing edge of the then occurring
pul se of signal FPHUP or FPH _DN. Thus, advantageously, in the fine phase
error correction node, when detector 51 controls stage 54. of FI GURE 10,
detector 1 5 51 of FIGURE 11 is prevented from varyi ng the fre y/phase
* of signal Ok by an excessive am)ugg in each per ﬁi M
Signal 8la of FIGURE 7B at the TRUE | e¢8l that is ig

phase error is coupled to an input C of an 20 " AN gate‘go Si gnal

CONSI STENCY that _i1s .indi cative of consistent
WHAT IS CLAIMED IS:

S 1. An apparatus for generating an oscillatory signal
that is locked to an input signal, comprising:
an amplifier;
a plurality of switched reactive elements selectively
coupled in a positive feedback path formed between an output
10 and an input of said amplifier for generating said oscillatory signal
having a frequency that is selected from a corresponding portion
of a range of frequencies in accordance with a selection of said
switched reactive elements;
first means responsive to said oscillatory signal for
15 measuring a frequency error between said oscillatory and input
signals and for generating a first switching control signal that is
coupled to a switching arrangement associated with said switched
reactive elements to select said switched reactive elements in
accordance with said frequency error such that when said
20 frequency error exceeds a first value, the selection of said
switched reactive element varies in switching steps of a coarse
frequency correction mode of operation, to.reduce said frequency
error progressively in successive switching steps; and
second means responsive to said oscillatory signal and
25 to said synchronizing signal for generating a second control signal
that is coupled to a control input of said amplifier for varying said
frequency of said oscillatory signal within said corresponding
portion of said range to correct said frequency error in a fine
error correction mode of operation when said frequency error
30 does not exceed said first value, without varying the selection of
said switched reactive elements.
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frequeney error fromone period H of signal HSRef of FIGURE 9b to the

I mredi ately 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 [err] is smaller than 2, is coupled to
a thlrd I nput B of gate 90. Gate 90 generates a signal CPHRST when all the
three signals, 8la, 60a and CONSI STENCY, are generated. Si naI CPHRST i s

coupled to a clock input of aDtypefllarop 91. An out m
91 is coupled to an input D of a Dtype IprIop 92that
pul se signal RST when the | eading edge of signal HSRef occurs‘ fdi | ow

generation of signal CPHRST. Signal RST is coupled to +N counter 52 of
FIGURE 1 for 2. An apparatus according to Claim 1 further

5 comprising, a comparator responsive to said second control signal
and to a signal at a reference level and coupled to said first means
for initiating operation in said coarse frequency error correction
mode of operation, when said second control signal is outside a
predetermined correction range of said oscillator.

10

3. An apparatus according to Claim 1 wherein said
second control signal generating means comprises a frequency -
detector for generating a third signal that is indicative of said
frequehcy error and a phase detector for generating a fourth

15 signal that is indicative of said phase error said third and fourth
signals being selectively coupled to said control input of said
amplifier to form said second control signal at said control input,
such that when said frequency error is smaller than said first
value and larger than a second value, said third signal is applied

20 to said oscillator in a fine frequency error correction mode of
operation and when said frequency error is smaller than said
second value said fourth signal is applied to said oscillator in a
fine phase error correction mode of operation.

25 4. An apparatus according to Claim 1 wherein said
second control signal is an analog signal.

5. An apparatus according to Claim 1wherein a given
switched reactive element comiprises a switched capacitor.
30
6. An apparatus according to Claim 1 wherein said
first means comprises, means for generating a coded signal and a
decoder for decoding said coded signal to generate a plurality of
switch control signals that are applied to said switches in a
35 manner to vary said frequency of said oscillator signal
monotonically in each switching step.




presetting the flip-flops, not shown, of counter 52 in a manner to provide
an i medi at e phase | ock between signals HSRef and 3 5 d kD v. Thus, signal
RST provi des a coarse phase error correction node of operation. Flow chart
pat hs 210, 211 and 212 in the flow 27 chart of FIGURE 5 depict the way

t he coarse phase correction 5 node is obtained. This  node can occur when,

for exanple, the phase of signal HSRef of FIGURE 1 th ' r TN
vi deo tape recorder, changes abruptly, d:%i ng a vertiﬁ“\“ﬂ“ﬂrﬁ aﬂﬂ ‘mlval
of a * ¢ L K s ¥
7. An apparatus according to Claim 1 wherein an
5 impedance of a given switched reactive element determines said

frequency of said oscillatory signal.

8. Apparatus for generating an oscillatory signal that
is locked to an input signal, comprising:
10 a controllable oscillator for generating said oscillatory
signal; )
a plurality of switched reactive elements selectively
coupled to a feedback path of said oscillator for controlling said
+  oscillatory signal in accordance with the selection of said switched
15 reactive elements;
means coupled to said switched reactive elements for
sequentially selecting from said switched reactive elements a
given switched reactive element that is to be coupled to said
feedback path and a given switched reactive element that is to be
20 decoupled from said feedback path in a manner to reduce an error
between said oscillatory and synchronizing signals in a given
sequential step of a coarse error correction mode of operation;
means responsive to said oscillatory signal and to said
synchronizing signal for generating a first signal that is indicative
25 of said error therebetween, said first signal being coupled via a
loop filter to a control input of said oscillator to control said
oscillator in a fine error correction mode of operation when said
error is smaller than a first value such that in said fine error
correction mode of operation the selection of said switched
30 reactive elements does not vary; and
a comparator responsive to said filtered first signal
and to a signal at a reference level and coupled to said switched
reactive element selecting means for initiating operation in said
coarse error correction mode of operation, when said filtered first
35 signal is outside a predetermined correction range of said
oscillator.
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pl ayback node. The coarse phase error correction is acconplished via a

signal path between RCVCO 53 of FIGURE 1 and phase 1 0 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 CkDiv is aligned

with that of signal HSRef without significantly affecjj t he phase of
signal k. In this way, advantageously, transient di i n. RCVCO 53
is elimnated 1 5 or significantly reduged. Should si ﬁ/ m RE
7B that is indicative of a |arge phase e dor be gener ated ahd si ”BU

CONSI STENCY, that is indicative of a stable sync signal HSRef, not Be
generated, signal RST woul d not be generated and the idle node of operation
woul d 9. An apparatus for generating an oscillatory signal

5 that is locked to an input signal, comprising:

a controllable oscillator for generating said oscillatory
signal;

a source of said input signal at a frequency that is
related to a scanning frequency;

10 a plurality of selectable switched reactive elements
coupled in a feedback path of said oscillator;

a frequency detector responsive to said oscillatory and
synchronizing signals for generating a first signal that is indicative
of a frequency error therebetween;

15 a _chargé pump responsive to said first signal for
generating a filtered second signal that is coupled to a control
input of said oscillator for varying said frequency-of said
oscillatory signal in a fine frequency error correction mode of
operation to correct for said frequency error in a feedback loop

20 manner without varying a selection of said switched reactive
elements; :

means for initiating operation in g coarse frequency
error correction mode in accordance with said first signal via a
signal path that bypasses said charge pump when said frequency

25 error exceeds a first predetermined 'magnitude such that in said
coarse frequency error correction mode the selection of said
switched reactive elements varies in a manner to reduce said
frequency error; and

a comparator responsive to said second signal of said

30 charge pump and to a signal at a reference level and coupled to
said switched reactive elements for initiating operation in said
coarse frequency error correction mode of operation when a
difference between said second signal and said signal at said

reference level is outside a normal operation range of values.
35




|
20 oceur. Flow chart path 213 in the flow chart of FIGURE 5 depicts this
way in which the idle node is obtained. The advantage of operating in the
i dl e ,rode and preventing the coarse phase error correction when signal
CONSI STENCY of FIGURE 7B is not generated is that disturbance or transient
in PLL 100 of FIGURE 1 25 may be reduced. Such disturbance may be

reduced when, for exanple, the duration of the i nterrUpﬁI L signal HSRef
i's short. 2 8 WHAT IS CLAIMED | S: ! M////I/I/
32 » e

Mgy

10. An oscillator that is locked to a synchronizing
5 signal, comprising:

a first amplifier;

a first switched reactive element selectively coupled in
a first positive feedback path formed between an output and an
input of said first amplifier;

10 a second amplifier;

a second switched reactive elements selectively
coupled in a second positive feedback path formed between an
output and an input of said second amplifier for producing a pair
of differentially symmetrical signals in said first and second

15 positive feedback paths, respectively;

means for combining said pair of differentially
symmetrical signals to generate an oscillatory signal;

a source of said synchronizing signal; and

means coupled to said switched reactive elements for

20 varying the selection of said switched reactive elements in a given
switching step in a manner to reduce a frequency error of said
oscillatory signal with respect to that of said synchronizing signal
in a frequency correction mode of operation, such that, when the
selection of said first switched reactive element varies in said first

25 positive feedback path the selection of said second switched
reactive element also varies in said second positive feedback path
in a manner to maintain said pair of signals differentially
symmetrical.

30 11. An oscillator according to Claim 10 further
comprising, means responsive to said oscillatory and
synchronizing signals for generating a gain control signal that is
coupled to a gain control input of one of said amplifier for _
reducing one of a frequency error and a phase error in a fine

35 error correction mode of operation.




5 L 1. An apparatus for generating an oscillatory signal that is
| ocked to. an input signal, conprising: an anplifier; a plurality of
switehed reactive el enents selectively coupled in a positive feedback path
fornmed between an output 10 and an input of said anplifier for.generating
said oscillatory signal having a frequency that is.setected froma

correspondi ng portion of a range of frequencies in acg mﬂm
selection of said switched reactive ele ts; first ™ to
said oscillatory signal for 15 neasuri ﬁ‘ga’na frequen L tween said

oscillatory and input signals and for generating a first switching control

signal that is 12. An apparatus according to Claim 11 wherein, in

5 said given switching step, said gain control signal has a variation
range that produces a larger frequency variation range in said
oscillatory signal than that produced by varying the selection of
said switched reactive elements in said given switching step.

10 13. An apparatus according to Claim 11 wherein said
gain control signal generating means comprises a phase detector
for providing a phase correction in a fine phase correction mode of
operation.

15 14. An apparatus according to Claim 11 wherein said
gain control signal generating means comprises a frequency
detector for providing a frequency correction in a fine frequency
correction mode of operation.

20 15. An apparatus according to Claim 10 wherein said
given switching step occurs sequentially at a rate that is equal to a
multiple of a horizontal deflection frequency.

16. An apparatus according to Claim 10 wherein at
25 least one of said switched reactive elements comprises a switched
capacitors that are’ formed by an integrated circuit fabrication
technique. '

17. An apparatus according to Claim 10 wherein said
30 combining means comprises a differential amplifier having an
inverting input terminal that is responsive to one of said pair of
signals and a noninverting input terminal that is responsive to the
other one of said pair of signals.
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coupled-to a switching arrangenent associated with said switched reactive
elements to select said switched reactive elenents in accordance with said
frequency error such that when said 20 frequency error exceeds a first
val ue, the selection of said switched reactive elenent varies in swtching
steps of a coarse frequency correction ndfle of operation, to reduce said
frequency error progressively in successive switching steps; and second
nmeans responsive to said oscillatory. signal and 25 to said synchroni zing
signal for generating a second control signal that is coupled to a contro
i nput of said anplifier for varying said frequency of said oscillatory
signal within said corresponding portion of said range to correct said
frequency error AN @SCILEATOR WITH SWITCHED REACTIVE ELEMENTS

ABSTRACT

A phase-locked-loop circuit includes an oscillator
having switched capacitors that are selectively coupled to a
positive feedback path of the oscillator in a coarse frequency error
correction mode of operation. When the frequency error is small,
10 the circuit operates in a fine error correction mode without
varying the selection of the switched reactive elements.

Figures 1, 2A-2C
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error correction node of operation when said frequency error 30 does not
exceed said first value, wthout varying the selection of said sw tched
react.i ve el enents. 2 9 2. An apparatus according to Claim1l further 5
conprising, a conparator responsive to said second control signal and to a
signal at a reference level and coupled to said first neans for initiating
operation in said coarse frequency error correction node of operation, when
said second control signal is outside a
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predeterm ned correction range of said oscillator. 10 3. An apparatus
according to Claim1l wherein said second control signal generating neans
conprises-a frequency detector for generating a third signal that is

i ndicative of said frequency error and a phase detector for generating a
fourth 1 5 signal that is indicative of said phase error said third and
fourth signals being selectively coupled to said control input of said
anplifier to formsaid second controlgyﬂﬁbal at said control input, such

t hat when said frequency error is smaller than said first value and | arger
than a second value, said third signal i Vapplied 20 to said oscillator
in a fine frequency error correction no of
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oper atii on and when said frequency error is smaller than said second val ue
said fourth signal is applied to said oscillator in a fine phase error
corgection node of operation. 25 4. An apparatus according to
Claim1 wherein said second control signal is an analog signal. 5. An
apparatus according to Claiml1l wherein a given switched reactive el enent
conprises a switched capacitor. 30 6. An apparatus according to Caiml

wherein said first neans conpri ses, rféz¥afcw generating a coded signal and
a decoder for decoding said coded sig 0 generate a plurality of switch

control signals that are applied to said switches in a
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3 5 manner to vary said frequency of said oscillator signal nonotonically
in each switching step. 7. An apparatus according to Caim1 wherein an
5 Jnpedance of a given switched reactive el enent determ nes said
frequency of said oscillatory signal. 8. Apparatus for generating an
oscillatory signal that is |ocked to an input signal, conprising: 10

a controllable oscillator for generatin%/igid oscillatory signal;
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a plurality of swtched reactive elenents selectively coupled to a feedback
path of said oscillator for controlling said oscillatory signal in
accordance with the selection of said switched 1 5 reactive el enments;
means coupled to said switched reactive elenments for sequentially selecting
fromsaid swtched reactive elenents a given switched reactive el enent that
is to be coupled to said feedback path and a given switched reactive
elenent that is to be 20  decoupl ed frdfiBsai d feedback path in a manner
to reduce an error between said oscillatory and synchronizing signals in a
gi ven sequential step of a coarse error correction node of operation; means
responsive to said oscillatory signal and to said

TA(G) TB()

i) cﬂ”“ﬁq Bbi)

CA(4«i4) =L—...29 CB(dsl) == 2P

FORi:=0T03- FORj:=0T07

FIG. 3

[REPLACEMENT SHEET

e : .{5(&‘}&. "L,




synchroeni zing signal for generating a first signal that is indicative 25
of said error therebetween, said first signal being coupled via a | oop
filter to a control input of said oscillator to control said oscillator in
a fine error correction node of operation when said error is snmaller than a
first value such that in said fine error correction node of operation the
selection of said swwtched 3 0 reactive elenents does not vary; and a
conparator responsive to said filtered Bi t signal and to a signal at a
reference | evel and coupled to said sw éiéd reactive el ement sel ecting
means for initiating operation in said coarse error correction node of
operation, when said filtered first 3 5 signal is outside a predeterm ned
correction range of said
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oscill ator.

conpri si ng:

for generating said oscillatory signal;

frequency that is related to a scanning frequency;

31 9. An apparatus for generating an oscillatory signa
that is | ocked to an input signal,

5

a controllable oscillator
a source of said input signa

plurality of selectable switched reactive elenments
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coupled-in a feedback path of said oscillator; a frequency detector
responsive to said oscillatory and synchroni zing signals for generating a
first signal that is indicative of a frequency error therebetween; 1 5

a charge punp responsive to said first signal for generating a filtered
second signal that is coupled to a cont%OHGinput of said oscillator for
varying said frequency of said oscillato/y signal in a fine frequency error
correction node of operation to correct for said frequency error in a

f eedback | oop 20 mannes without varyddg a sel ection of said swtched

reactive el enents; ==“J°’for initiati@guuperation In a coarse frequency
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error eorrection node in accordance with said first signal via a signa
path that bypasses said charge punp when said frequency 25 error exceeds
a fi.rst predeterm ned magnitude such that in said coarse frequency error
correction node the selection of said switched reactive elenents varies in
a manner to reduce said frequency error; and a conparator responsive to
sai d second signal of said 30 charge punp and to a signal at a reference
| evel and coupled to said switched reactive elemgnts for initiating
operation in said coarse frequency er9f16correct' node of operation when
a difference between said second signal and sai al at saijd reference
| evel is outside a normal operation range of valgggsga

|
a-
-
Q2=
o= = |
T2 S 2
=EZ s =
o — <t [oe
OO N~—1 e
- l
A - [ R am |

L]

4
162
ZINerrl
—

2
- |
=W s |2 =l 2
S — 3 S 2| 8
= 8= =" of |
SR e o
3 Slagg —| @ = |
T( Sz 3| (— ‘°§ !
éégg = 5 = TN\
S =S & == s g <
- = 2E Ee»E3 | S Y B 1 M~
1 2 k g8 T 2 S
— = . T
e n"—'cs
é—\g 7 %-! l §<
gl © 8| £ 2| & |
I
ERE YR
2| =LF Lol
\ éo
[P £ 2
<gm E— == |
5l
7 Y =
el [2 '
=55 g's
= {

REPLACEMENT SHEET|
| .- 30 JUL 1996 ' g

JR———




a second

Is locked to a synchroni zing 5 signal
10

a first switched reactive el enent

selectively coupled in a first positive feedback path fornmed between an

a first anplifier;

3% 2 10. An oscillator that

outﬁut and an input of said first anplifier;

conpri si ng:
anplifier;

35
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a second switched reactive elenents selectively coupled in a second
positive feedback path fornmed between an output and an input of said second
anpli.fier for producing a pair of differentially symretrical signals in
said first and second 1 5 positive feedback paths, respectively; neans for
conbining said pair of differentially symetrical signals to generate an
oscillatory signal; a source of said synchronizing signal; and neans
coupled to said switched reactive elenments for 20 varying the sel ection
of said switched reactive elenments in a given switching step in a manner to
reduce a frequency error of said oscillaq?ryssignal Wi th respect to that of
sai d synchroni zing signa

00000 0000 0000 0000 0000 0Q0CO 0000 0000 0000
00001 0000 0000 0000 0000 0000 0000 0000 0001
00010 0000 0000 0000 0000 0000 0000 0000 Q011
00011 0000 0000 0000 0000 0000 0000 0000 0111
00100 0000 0000 0000 0000 0000 0000 0000 1111
00101 0000 0000 0000 0000 0000 0000 0001 1111
00110 0000 -0000 0000 0000 0000 0000 0011 1111
00111 0000 0000 0000 000G 0000 0000 0111 1111
01000 0000 0000 0OOO 0000 0000 0000 1111 1111
01001 0000 0000 0000 0000 0000 0001 1111 1111
10 01010 0000 0000 0000 0000 0000 0011 1111 1111
11 01011 0000 0000 0000 0000 0000 O111 1111 11N
12 01100 0000 0000 0000 0000 0000 t111 1111 1114
13 01101 0000 0000 0000 0000 0001 1111 1111 1111
14 01110 0000 0000 0000 0000 0011 1111 1111 1111
15 01 0000 000G ©000O 000D O111 1111 1111 111
16 10000 0000 0000 0000 0000 1111 1111 1111 1111
17 10001 0000 0000 0000 0001 1111 1111 1111 1111
18 10010 0000 0000 0000 0011 1111 1111 1111 111
19 10011 0000 0000 0000 O111 1111 1111 1111 1114
20 10100 0000 0000 0000 1111 1111 111 1111 1114
21 10101 0000 0000 0001 111 1111 1111 1111 1111
22 10110 0000 0000 0011 1111 111 1111 1111 1119
23 10111 0000 0000 O111 1111 1111 1111 111 1119
24 11000 0000 0000 1111 1111 1111 1111 1111 1111
25 11001 0000 0001 1111 1111 1111 1111 1111 1111
26 11010 0000 0011 1111 1111 1111 1111 1191 111
27 11011 0000 0111 1111 1111 111 1111 1111 1111
28 11100 0000 1111 1111 111t 1111 1111 1111 111
29 11101 0001 1111 1111 1M1 111 It 1111 11
30 11110 0011 111 111 1111 111 1111 111 111
31 1 o1t 1M1t 111 1Mt 11t 111 11l 11
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in a frequency correction node of operation, such that, when the sel ection
of saj~d first switched reactive elenent varies in said first 25 positive
f eedback path the selection of said second switched reactive el enent al so
varies in said second positive feedback path in a nmanner to maintain said
pair of signals differentially symetrical. 30 11. An
oscillator according to Claim 10 further conprising, nmeans responsive to
said oscillatory and synchronizingéai%gals for generating a gain contro
signal that is coupled to a gain ﬂ | input of one of said anplifier for
reduci ng one of a frequency error and a phase error in a fine 3 5 error

correction node of operation. g?
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12. An‘*apparatus according to Caim 11l wherein,
has a variation range that produces a | arger

step,«said gain contro

si gnal
fregquency variation range in said oscillatory signa

in 5 said given switching

than that produced by

varying the selection of said switched reactive elenents in said given
13. An apparatus according to Claim1ll

switching step. 10

wherein said gain contro
detector for
of operati on.

si gnal

generating neans conprises a phase
provi di ng a phase correfé}fglin a fine phase correction node
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15
contr ol

A

si gnal

operation. 20

said given switching step occurs sequentially at a rate that
defl ection frequency. 16. An apparatus according

"multiple of a horizontal
| east one of

to Caim10 wherein at 25
conprises a switched capacitors that ar
fabrication techni que.

14. An apparatus according to Caim1l wherein said gain
generating neans conprises a frequency detector for
provdi ding a frequency correction in a fine frequency correction node of
15. An apparatus according to Caim 10 wherein

HSref

PE_LAT

ClkDiv

s

I s equal

to a

swi tched reactive el ements
med by an integrated circuit
17. An apparatus according to Caim 10 wherein said

l_ G
AR Q > GUTPUTTO
FF CHARGE PUMP
v [T
CLR
51e\ : T Sja
LEADING EDGE
oNeSHor [t OR
. 1
|_ FPH_DN
Lo q » QUTRUTT0
N CHARGE PUMP
.- ST
CR
51t T 51d
LEADING EDGE
— ovesior [T OR [ S
- %

al

FIG. 11

REPLACEMENT SHEET

3 QJUL »ne

-




30 congining nmeans conprises a differential anplifier having an inverting
I nput frermnal that is responsive to one of said pair of signals and a
noni riverting input termnal that is responsive to the other one of said
pai r of signals.
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