REPLA@IVENT SHEET PHASE LOCK LOOP W TH ERRC]g 7/ 3 ]&/
MEASUREMENT 5 . ¢ AND C(JJ?RECTI ON I N ALTERNATE PERI e
The invention relates to an arrangenent for generati ng a%e&?“&iﬁghail
Digital video signal processing:systenms with features such =%, oo
on-screen display of text and pi‘cture-in-picture for both e P\?

A PHASE LOCK LOOP WITH ERROR MEASUREMENT
5 AND. CORRECTION IN ALTERNATE PERIODS
_ The invention relates to an arrangement for
generating a clock signal.
 Digital video signal proces'sing, systems with features
such as on-screen display of text and picture-in-picture for both
10 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
15 CMOS video signal processing integrated circuits. In such PLL, it
may be desirable to have, for example, a clock frequency that
ranges from 25 MHz to 40 MHz with a jitter that is less than 2nS.
For such PLL it may be desirable to utilize only one pin for off-
chip components. It may also be desirable to use the PLL system
20 with each of the NTSC, PAL and SECAM systems.

It may also be advantageous to operate the PLL with
input sync signal encountered in low-cost consumer video tape
recorders without time-base correction where the horizontal sync
can periodically make large phase changes such that the clock

25 signal tracks such sync signal. It may be further desirable to
rapidly reduce phase and frequency errors and minimize
overshoot and jitter as the PLL settles into phase lock. In
addition, it may be desirable to have the PLL discriminate
between true output clock phase/frequency errors and those

30 arising from contamination of the input horizontal sync 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

35 output clock with respect to an input horizontal sync signal.
Depending on the magnitude and consistency of the output clock
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1 0 television receiver and video tape recorder signal sources may

require a clock signal that is phase |locked to a horizonta

synchroni zation signal, referred to as line-locked clock. It may be

advant ageous to form a phase-| ocked | oop (PLL) systemfor |ine- | ocked
cl ock generation for use as a building block in large scale 1 5 CMOS vi deo
signal processing integrated circuits. In such PLL, it may be
desirable to have, for exanple, a clock frequency that ranges from 25
Mz to 40 MHz with a jitter that is | &s than 2nS. For such PLL it may
be desirable to utilize only one pin for off- chi p conponents. It may
al so be desirable to use the PLL system 20 wth each of the NTSC, PAL and

SECAM syst f e 2L vleRf AHYATHIRIIBH Sseléci8Pongt e the
PLL with eﬁﬁaslen&?td s;l;%%u%?c&'na?ﬁgﬁggu%t éeﬁeig I'n gw— c% Bjélonsumar vi deo tape

recordeds vwhhir examplpadive sondtali MpdesePt ePRIaHORi SbnYAYIRgnc can
periodi cal | yeri§ptifityar JEhdhesiftr6lNa6dSs BfCbpéhaior RRechwslk that large

errors result in large, coarse corrective actions, and small errors
result in small, or fine corrective actions. A frequency detector
measures a frequency error between an output of an oscillator

10 and a horizontal sync signal for operating the PLL in a frequency
error control mode of operation when the frequency error exceeds
a first value. When the frequency error does not exceed the first
value, the PLL operates in a phase error control mode of
operation. | -

15 In accordance with another inventive feature, in the
frequency error control mode of operation, the measurement of
the frequency error occurs in alternate horizontal line periods.
Whereas, variation of the oscillator frequency for correcting the
frequency error occurs in other alternate horizontal line periods.

20 Advantageously, the measurement and correction of the
frequency error occur in non-overlapping horizontal line periods.
The result is a more stable and better controllable feedback loop.
On the other hand, in a phase error correction mode of operation,
correction of the phase error and measurement of the phase error

25 occur simultaneously in the same horizontal line period.

An apparatus, embodying an inventive feature, for |
generating an oscillatory signal includes a source of a
synchronizing signal at a frequency that is related to a horizontal |
scanning frequency. A controllable oscillator for generating the

30 oscillatory signal is provided. A detector responsive to the
oscillatory and synchronizing signals is used for measuring a cycle
related error therebetween and for generating a signal that is
indicative of the error. The error indicative signal is coupled to
the oscillator for varying a cycle of the oscillatory signal when the

35 error exceeds a first value. The variation of the cycle of the
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25 signal tracks such sync signal. It may be further desirable to

rapi dly reduce phase and frequency errors and mnim ze over shoot and
jitter as the PLL settles into phase lock. In addition, it may be
desirabl e to have the PLL discrimnate bet ween true out put clock
phase/ frequency errors and those 3 0 arising fromcontam nation of the

I nput horizontal sync signal wi th noise bursts or occasional m ssing
pul ses. o A PLL system enbodying an inventive feature,
utilizes both digital and anal og contr®l of an R-C Voltage- Control |l ed
Cscillator to acquire and nmai ntain phase |lock of an 3 5 output clock with
respect to an input horizontal sync signal. Dependi ng on the magnitude

and consi st ggey14tbry highYl Pitld theCkneasurement of the error occur,
5 alternately, in non-overlapping periods.
FIGURE 1 illustrates a-block diagram of a phase-lock-
loop (PLL), embodying an aspect of the invention;
FIGURES 2A, 2B and 2C illustrate a detailed schematic
diagram of a programmable switched R-C voltage controlled
10 oscillator of the PLL of FIGURE 1; ' "
FIGURE 3 illustrates a switched capacitor arrangement
of the oscillator of FIGURES 2A-2C; ,
FIGURE 4 illustrates waveforms useful for explaining
the arrangement of FIGURES 2A-2C; :
15 FIGURE 5 illustrates a flow chart useful for explaining
the operation of the PLL of FIGURE 1;
FIGURES 6, 7A and 7B illustrate more detailed
_ diagréms of portions of the PLL of FIGURE 1;
FIGURE 8 is a table useful for explaining the operation
20 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
stage of the PLL of FIGURE 1; '
25 FIGURE - 11 illustrates a detailed schematic of a phase
detector of the PLL of FIGURE 1;
FIGURES 12a-12g illustrate waveforms useful for
explaining the operation of the phase ‘detector of FIGURE 11; and
FIGURES 13a-13d illustrate waveforms useful for
30 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
base band video signal VIDEO-IN obtained from, for example, a
35 video detector, not shown, of a television receiver is coupled to a
conventional sync separator 50 that generates pulses of a
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REPLACEMENT SHEET 2 phase and
frequency error, the systemautonatically selects one 5 of , for exanple,

five control nodes of operation of varying sensitivity. The control
nodes of operation are such that |arge errors result in large, coarse
corrective actions, and small errors result in small, or fine
corrective actions. A frequency detector

4 .

horizontal sync signal HSRef having a period H at a horizontal
S5 deflection frequency fy that is in, for example, the NTSC standard -
15,734 Hz.
An oscillatory signal ClkDiv is produced at an output of
a programmable divide-by-N counter 52 by frequency dividing an
output signal Clk of PLL 100 produced in a programmable,
10 resistor-capacitor (R-C) type voltage-controlled-oscillator (RCVCO)
53, Qutput signal Clk may be used in various stages, not shown, of
the television receiver for video signal processing. In steady state
operation, the frequency of signal Clk is equal to N x fg. The value
N denotes a ratio between the frequency of signal Clk and that of
15 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
period of signal CIkDiv. | |
FIGURES 2A, 2B and 2C illustrate a schematic diagram
20 of RCVCO 53 of FIGURE 1. Similar symbols and numerals in
FIGURES 1 and 2A-2C indicate similar items or functions. RCVCO
53 of FIGURE 2B includes a differential amplifier 531 formed by a
pair of transistors MP9 and MP10. A current source transistor
MP8 produces a corresponding source electrode current in each of
25 transistors MP9 and MP10. Amplifier 531 includes load resistors
RS and R6 of transistors MP9 and MPI10, respectively. Similarly, a
differential amplifier 532 of FIGURE 2C is formed by transistors
MP11, MP12 and MP13 and load resistors R7 and R8. A pair of
signals X2a and Xla developed in load resistors R5 and R6 of
30 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
phase shift produced by network 533a or 533b is controllable in a
coarse frequency correction mode of operation, as explained later
35 on. The phase shift determines, in part, the frequency of
oscillation of signal Clk.
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measures a frequency error between an output of an oscillator | 0 and a

hori zontal sync signal for operating the PLL in a frequency error
control node of operation when the frequency error exceeds a first _
value. Wen the frequency error does not exceed the first . val ue, the
PLL operates in a phase error control node of operation. 1 5

I n accordance with another inventive feature, in the frequency error
control node of operation, the measurenent of t he frequency error
occurs in alternate horizontal |ine pe¥iods. Wher eas, variation of the
oscillator frequency for correcting the frequency error occurs in
other alternate horizontal |ine periods. 20 Advant ageously, the

o sop . S AP e, g lidescy Sty S s
and bet geﬂtsr‘ﬂt?l&?ff 595cgqel‘&bop switchgd tqqgag&tg&bzwj&@@ Phase
error correatsloon.onplw o6 capacitbr dD1A. A delayed signal TA(O) is |
developed at a junction terminal TA(O)a, between capacitor C1A
and resistor R1A. Signal TA(O) is coupled via a resistor R2A to a
capacitor C2A. A switched capacitor bank SWA(1) is also coupled
10 to capacitor C2A. A delayed signal TA(1l) 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
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
15 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
coupled via R-C delay networks 534b and 534a, respectively, that
produce nominally the same phase shift. Networks 534a and

20 534b operate in a similar manner to networks 533a and 533b.
Network 534a includes a resistor R3A, a capacitor C3A and a bank
SWA(2) that produces a delayed signal TA(2).. Signal TA(2) is
coupled via a resistor R4A to a capacitor C4A and to a bank
SWA(3) that produces a delayed signal TA(3). Signal TA(3) is

25 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
R3A, R4A and RSA, respectively, and capacitors C3B, C4B and C5B
that are analogous to capacitors C3A, C4A and CSA, respectively.

30 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'(B) and TA(3) are coupled to gate electrodes
of a pair of transistors MP3 and MP2, respectively, of an analog
multiplier 535 of FIGURE 2A. Similarly, signals TB(4) and TA(4),

35 that are delayed with respect to signals TB(3) and TA(3),
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correction of the phase error and neasurenent of the phase error 25 occur

sinmul taneously in the sane horizontal |ine period. An
appar atus, enbodying an inventive feature, for generating an
oscillatory signal includes a source of a synchroni'zing signal at a
frequency that is related to a horizontal scanni ng frequency. A
controllable oscillator for generating the 30 oscillatory signal is
provi ded. A detector responsive to the oscillatory and synchroni zi ng
signals is used for neasuring a cycleb rel ated error therebetween and
for generating a signal that is i ndi cative of the.error. The error

I ndi cative signal is coupled to the oscillator for varying a cycle of

the oscill pégpectivietyalarahesupled fo Sgater ERcuRdeseBs & pdif Séf MBankistorbe

variation ghph e, E¥Ip8, SYespictively, of multiplier 535 of FIGURE 2A.

' In multiplier 535, transistors MP2 and MP3 form a
differential amplifier 535a having a controllable gain. Similarly,
transistor MP6 and MP7 form a differential amplifier 535b having
a controllable gain.' The gains of amplifiers 535a and 535b vary in

10 oi:positc directions in accordance with variations in drain currents
producéd by a pair of transistors MP1 and MP5 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 MPS.

15 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

20 of operation, as explained later on.

The drain electrode of transistor MP2 is coupled to the
drain electrode of transistor MP§ to develop.a sum signal X1.
Signal X1 is developed in a pair of parallel coupléd load resistors

- R10 and R12 and is coupled to the gate electrode of transistor

25 MPI10 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

30 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

35 currents in transistors MP2 and MP6, respectively. Thus, the

phase shift of signal X1 varies in a fine or gradual manner when
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oscill,atory signal and the neasurenent of the error occur, 5

alternately, in non-overl apping peri ods. FI GURE 1
ilkustrates a bl ock di agram of a phase-| ock- | oop (PLL), enbodying an

aspect of the invention; - FIGURES 2A, 2B and 2C illustrate
a detailed schematic : '
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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
X2. Varying the phase shift of signal X1 or X2 causes the
oscillation frequency of RCVCO 53 and of signal Clk to vary, as
explained later on.

It may be desirable to achieve a wide frequency range

of, for example, 25-40 MHz of signal Clk and also to compensate

for tolerances, temperature variations and for aging in the R-C
delay networks. The R-C delay networks are formed in RCVCO 53
using integrating circuit fabrication technique.

The frequency of RCVCO 53 can be stepped up or down
in a coarse frequency correction mode of operation. For example,
the coarse frequency correction mode may occur immediately
after power is applied. To provide the coarse frequency
correction mode, the aforementioned four switch-capacitor banks,
SWA(), are provided. The parameter "i" that designates the
switch-capacitor bank assumes the four values, 0 to 3. Switch-
capacitor banks SWA(i) are coupled to four corresponding
terminals where signals TA(i), referred to before, are developed.
Thus, a given bank SWA(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),
referred to before, are developed. In the same way, the
parameter "i" assumes the values O 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(i) is
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
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di agram of a programmabl e switched R-C voltage controlled 1 0 oscillator

of the PLL of FI GURE 1, FIGURE 3 illustrates a switched
capaci tor arrangenent of the oscillator of FIGURES 2A-2C;

FIGURE 4 illustrates waveforns useful for explaining t he arrangenent
of FIGURES 2A-2C, 1 5 FIGURE 5 illustrates a flow chart useful
for expl aining the operation of the PLL of FIGURE 1;

FIGURES 6, 7A and 7B illustrate nore detail ed di agranms of portions of
the PLL of FIGURE 1, gFIGURE 8 is a table useful for

expl aining the operation 20 of a decoder of FIGURE 1,

FI GURES 9a-9c are waveforns useful for explaining t he operation of the

cphlz;mr gfe FL%@%&@ functions. For a gitdiPHank SWhl#Sof ¥BURESCIBBh4C Of 2

g) 2C, the parameter j assumes, selectively, one of the eight values O
to 7.

A given transistor switch SA(4j+i) of FIGURE 3 is
coupled in series with a corresponding capacitor CA(4j+i) such that
the value of "i" is common to both switch SA(4j+i) and to capacitor

‘10 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

15 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

20 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

25 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

30 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

35 phase delay and a corresponding decrease in the oscillation
frequency of signal Clk of FIGURE 2C occur. On the other hand,
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stage.of the PLL of FIGURE 1; 25

detail ed schematic of a phase detector of the PLL of FI GURE 1;
FI'GURES 12a-12g illustrate waveforns useful for. expl ai ni ng t he

operation of the phase detector of FIGURE 11; and

FIGJRE 11 illustrates a

FI GURES

13a-13d illustrate waveforns useful for 30 explaining the operation of the
charge punp stage of the PLL of FI GURE 1. FI GURE 1

illustrates a bl ock diagram of a phase-| ock

embodyi ng an aspect of the invention. 9A base band vi deo signal
VIDEO- I N obtained from for exanple, a 3 5 video detector, not shown,

tel evision receiver is coupled to a conventi onal sync separator 50

that gener ayRén Rilgieén ondrol signal CF(4j+i) of FIGURE 3 assumes a FALSE

5
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state, the corresponding pair of capacitors are switched out or
decoupled, causing an increase in the oscillation frequency of
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 '
transistor MN10, typically 0.8V. Voltages at a terminal NR and at
terminal NB are compared in a balanced PMOS current mirror

amplifier formed by transistors MP23, MP24, MN13 and MNI14.

Negative feedback from a terminal NF is applied to the
gate of a transistor MN12 forcing the voltages at terminals NR and
NB to be equal. The current flowing in a resistor Rl is, therefore,
proporfional 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
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 MPI11 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

REPLACED
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4 . horizontal sync signal HSRef having a period H at a horizontal 5
deflection frequency [err]Hthat is in, for exanple, the NTSC standard

15,734 Hz.

out put of
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An oscillatory signal kD v is produced at an

10

differentially symmetrical with respect to signals X1, Y2, TB(0),
TB(1), TA(2), TA(3) and TA(4), respectively, defining a second
positive feedback signal path. Therefore, phase difference
between a pair of differentially symmetrical signals such as, for
example, signals Y1 and Y2 does not vary when the 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

positive feedback paths.

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

As shown in FIGURE 4, signals Y1 and Y2 are nearly
identical in magnitude and they are phased by 180 degrees with
respect to each other. Signals Y1 and Y2 are differentially
symmetrical signals because of the differential symmetrical
configuration. Thus, crossover points in signals Y1 and Y2, such as
points CO, that occur when the instantaneous values of signals Y1
and Y2 are simultaneously the same, occur at the opposite phase.
Advantageously, the crossover points CO are nearly equally '
spaced in time as a result of the aforementioned differential
symmetrical configuration. Because of the symmetrical
configuration, the duty cycle of signal Clk is, advantageously, not
affected by gain variations and temperature caused component
variations. Therefore, advantageously, a relatively simple
differential-to-single ended translation circuit 536 of FIGURE 2C
that receives signals Y1 and Y2 and is formed by transistors
MP15, MP16, MN20 and MN21 and gates Ul and U2 generates
signal Clk at approximately 50% duty cycle. Furthermore, the
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a_progrannable di vi de- by-N counter 52 by frequency dividing an out put
signal Ck of PLL 100 produced in a programmable, 1 O resistor-capacitor
(R-C) type voltage-controlled-oscillator (RCVCO 53. Qutput..signal Ck
may be used in various stages, not shown, of the tel evision recelver —

for video signal processing. In steady state oper at i Tiis § equenc
of signal Gk is equal to Nx [err]H. yThe val ue P N den i Heél(ﬁajﬁ q Pace%
bet ween t he frequency of signal Gk and that of 1 5 si gna/! M

value N that is selectable in the ranhé of 750- 2600 |

constant digital word signal Nset that is coupled to counter 52 for

presetting counter 52 once in each period of signal CKkDiv.

FI GURES 2A, jfeaéitiZC d)‘ﬁ\ﬁﬁét Oﬁt @oﬁfﬁg@b&ﬁbhl providesnmproverf EEM@WH3 of
Fl GURE ]ﬁ Si m(iﬁer synbols and nunerals in FIGURES 1 and 2A-2C indicate
simlardte BRHSEL THRSHOReCO 53 of FI GURE 2B includes a

differential anplifieMHe3méasured moise bandwidth of RCVCO 53 is -30dB
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 pusec.

10 To control the frequency of RCVCO 53, sync signal
HSRef of FIGURE 1 is coupled to a frequency detector and control
stage 55. FIGURE 5 illustrates a flow chart useful for explaining
the operation of PLL 100 of FIGURE 1. FIGURES 6, 7A and 7B
illustrate corresponding portions of stage 55 of FIGURE 1 in more

15 detailed block diagram. Similar symbols and numerals in FIGURES
1, 2A-2C, 3-6, 7A and 7B indicate similar items or functions.

In the portion of stage 55 that is shown in FIGURE 6,
s1gna1 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

20 an input terminal CLOCK of counter 56 of FIGURE 6. FIGURES 9a
and 9b illustrate an example of the pulses of signals CIkDiv and
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. _.

25 Counter 56 of FIGURE 6 counts pulses of signal Clk that
occur during a given period H and referred to as an interval
MEASUREMENT in FIGURE 9b. At the end of interval
MEASUREMENT, counter 56 of FIGURE 6 contains a binary word
signal NCL. Signal NCL has a numerical value that is equal to the

30 number of clock pulses or periods of signal Clk that occur during a

» given period of signal HSRef. Thus, signal NCL contains the ratio
between the frequency of signal Clk and that of signal HSRef.
| Signal NCL is coupled to a subtractor 65 that generates
a binary word signal Nerr by forming a difference between the

35 value of signal NSET and that of signal NCL. Signal NSET is a

constant binary word that is equal to the ratio between the
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pair of transistors MP9 and MP10. A current source transistor VP8
produces a correspondi ng source el ectrode current in each of 25
transistors MP9 and MP10. Anplifier 531 includes |oad resistors
and R6 of transistors MP9 and MP10, respectively. Simlarly, a

RS
differential anplifier 532 of FIGURE 2C is forned-by t&ﬁsr@is ors MP11,
MP12 and MP13 and | oad resistors R7 and R8. A pair of CE' i“ﬁ dand

Xl a devel oped in load resistors R5 and R6 of 30 anpli fi“illl pl ed
to gate el ectrodes of transistors MP1b2 and MP13 vi

del ay networ ks 533a.and 533b, - respectively, that produce nomnally the
sane phase shift. The phase shift produced by network 533a or 533b is

control | abl érequeacy of sig@als€lk ramliehay ofogigaal iCIkDiRgeasoindipatedt i on, as

g;(pl a ned OL@{aﬁfrgf’ i ?dgggl ﬁ%ﬁgﬁagjeqzég a adf"a{tce:ﬁ "§7%hen ng F}%ﬁng tc%em;orlequency
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

10 as an output signal NERR. Error signal NERR has a value that is
equal to a difference between the number of clock periods of
signal Clk that occur during the given period MEASUREMENT of
'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

15 of FIGURE 9a. Such difference is zero and represents no error, for
example, when PLL 100 of FIGURE 1 is in a phase-lock condition.
Thus, signal NERR is indicative of a cycle related or frequency
error. The measurement operation in which signal NERR is
developed is depicted in a flowchart path 197 of the flow chart of

20 FIGURES.

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 |

25 is compared in a comparator 59 with a constant value word signal
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

30 measured by the number of clock cycles of signal CIk, is greater
than 8% of the desired period length of signal ClkDiv.

Signal 59a is coupled to a reset input terminal RESET
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

35 produces a signal 6la, the most-significant-bit MSB of counter 61.

~ Counting is enabled in counter 61 when signal 59a is generated.
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5 Del ay network 533a includes a resistor RIA and a 5
non- swi t ched capacitor A A switched capacitor bank SWA(O) is

13

Signal 61a is coupled via an OR gate 62 to a "J" input
5 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.

10 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

15 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

20 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

25 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

30 which error signal | Nerr | is greater than 8% of the desired period
length exceeds 32. This situation is indicative of a large frequency
error not due to operation in the vertical blanking interval. |
Therefore, signal CFR of flip-flop 63 of FIGURE 7A would be
generated at the TRUE state. When signal CFR is generated, it

'35 causes PLL 100 of FIGURE 1 to operate in the coarse frequency
error correction mode of operation. During operation in the coarse
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al so coupled to capacitor O A A delayed signal TA(Q) is devel oped at

a junction termnal TA(O)a, between capacitor C A and resistor R A
Si-gnal TA(O is coupled via a resistor RRAto a capacitor C2A. A

swi tched capacitor bank SWA(l) is also coupled 1 0 to capacitor- CCA. A

del ayed signal TA(1l) is devel oped in capacitor C2A. Signal TA(1l) is
del ayed with respect to signal TA(O. Simlarly, network 533b includes
a resistor RIB, a capacitor CIB and a bank SWB(O) that produces a
signal TB(O . Network 533b incl ddkes a resistor R2B, a capacitor C2ZB
and a bank SWB(l) that 1 5 produces a signal TB(l). A pair
of signals Y1 and Y2 of FI GURE 2C devel oped in | oad resistors R7 and

! g Siebaaopiante pldiginin, coprge matbatn il 10T
chi Tt Ret dsAReed Spaosilaly it VIR, S8cin Avataltng | BePhandbe PEInGL vor ks
533a and 53ignal 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
10 in FIGURES 1, 2A-2C, 3-6, 7A, 7B, 9a-9¢c 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
15 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
20 Dbinary 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
25 decoder 64, referred to herein as a "thermometer” decoder.
Thermometer decoder 64 produces the aforementioned 32
separate control signals CF(4]+1) by decoding the 5-bit signal
CFRL(4:0).
The table of FIGURE 8 shows those of signals CF(4j+i) of
30 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
CFRL(4:0) of FIGURES 6 and 8. In the table of FIGURE 8, binary "1"
represents the TRUE state and binary "0" represents the FALSE
state. As shown in FIGURE 8, when counter 66 of FIGURE 6 counts
35 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
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Net work 534a includes a resistor R3A, a capacitor C3A and a bank

SWA(2) that produces a delayed signal TA(2). Signal TA(2) is coupl ed
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 25 further -delayed via a
resistor RSA and a capacitor C5A to produce a further del ayed signal
TA(4). Simlarly, delay net wor k 534b i ncl udes resistors R3B, R4B and
R5B t hat are anal ogous to resistors R3A, R4A and R5A, respectively,
and capacitors C3B, C4B and C5B lihat are anal ogous to capacitors C3A,
CAA and C5A, respectively. 3 0 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), respesintée!66 of FIGURE 6 counts Ycg! enfyBlohe %P%C?WM&) s egpegglolvgfly

ft
En? gﬁt SRS: ggﬁ‘?q' frﬂfl HGE{&:& @ﬁ{a&% ﬁls@jQEr ansu; ors mtﬁ%rq nge; {:}héFasﬁeTE( 4) and
TA(4), 3 5 fromTRUE tdeFALSE.wi t h respect to signals TB(3) and TA(3),

In accordance with an inventive feature, in the coarse
frequency error correction mode, a measure/control sequencer
unit 67 of FIGURE 6 generates a signal CFR_Enable that enables’

10 counter 66 to count up/down alternate pulses of signal ClkDiv.
Alternate pulses of signal ClkDiv occur in alternate periods H of
signal HSRef. Only during intervals CONTROL, that occur in
alternate periods of signal HSRef of FIGURE 9b, between intervals
MEASUREMENT, signal CFR_Enable enables counter 66 of FIGURE 6

15 to change states. During the other alternate periods of signal
HSRef of FIGURE 9b, when intervals MEASUREMENT occur, the
value of signal NCL is measured, as explained before, but counter
66 of FIGURE 6 does not change states. Counter 66 does not
change states while signals NERR or NCL of FIGURE 9b are being

20 measured.

In carrying out a further inventive feature, by
preventing counter 66 of FIGURE 6 from changing states, during a
given interval MEASUREMENT of FIGURE 9b, the frequency of
RCVCO 53 of FIGURE 1 does not change at the same time that the

25 frequency of RCVCO 53 is being measured. Thus, a given
switching step in the coarse frequency correction mode requires
‘two horizontal clock 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

30 frequency control -operation is obtained.

For explanation purposes of the coarse frequency error
correction mode, assume that, in a given interval MEASUREMENT
of FIGURES 9a and 9b, denoted as interval 602, the measured
frequency of signal Clk of RCVCO 53 of FIGURES 2A-2C is higher

35 than required. Such situation is indicated by the occurrence of a
positive value of signal NERR of FIGURE 6. Consequently, at the
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6 . respectively, are coupled to gate el ectrodes of a pair of
transistors b5 MP7 and MP6, respectively, of nmultiplier 535 of FI GURE 2A.

16

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

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

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

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

'25 advantageously, the change, increase or decrease, in the frequency
of signal Clk of FIGURE 2C is monotonical and not affected by
component tolerances. Thus, for the entire frequency range, the
frequency of signal Clk is proportional to the value of word signal
CFRL(4:0) of FIGURE 6. : '

30 For explanation purpose, assume that prior to the end
of a given interval CONTROL, denoted as an interval 601, of
FIGURES 9a and 9b, the value of signal CFRL(4:0) of FIGURE 6 is
equal to 23. The value 23 corresponds to j=5 and i=3, since
4j+i=23. As explained before, i is selected only from the values O

35 1to0 3 and, j is selected only from the values O to 7.
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I'n muldiplier 535, transistors MP2 and MP3 form a differenti al

anplifier 535a having a controllable gain. Simlarly, transi stor MP6
and MP7 form a differential anplifier 535b having a controll abl e
gain. The gains of anplifiers 535a and 535b vary in 1 0. 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 MP1 and MP2 vary in opposite
directions in accordance with a voltabg di fference between gate

el ectrodes of transistors MP1 and MP5. 15 A constant DC
reference voltage VREF is devel oped at the gate of transistor MPI. A

control, output signalFurtt@t\Vassume ghadtiedigm lfit CSiﬂNeolesfgmﬂONE’lezl it %EGZA
2 Lo 61 g, comfEE SEBLRE ol U0 B 5l
correction fBde ZFhusgfinopesul semenasnmah MEASHUREMEBNT, denoted as '
an interval 602 of FIGURES 9a and 9b, signal CFRL(4:0) of FIGURE
6 contains an incremental value that is equal to 24, corresponding
to j=6 and i=0 since 4j+i=24. Only capacitors CA(24) and CB(24) in
10 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
9a and 9b. The switched capacitors that were already coupled to
the corresponding positive feedback paths, prior to the end of
15 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
switched in or out in a progressive or monotonical manner.
- In each interval CONTROL of FIGURE 9b, the change in
20 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
capacitor switching steps or fewer.
Sign bit SIGN of signal NERR of FIGURE 7A is coupled,
25 both délayed 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"
input terminal of J-K flip-flop- 63.
~ Advantageously, switched capacitors CA(4j+i) and
30 CB(4j+i) are switched in or switched out of the positive feedback
path in steps of a negative feedback loop. The generation of signal
CFR is disabled and operation in the coarse frequency error
control mode ceases when the difference between the measured
and expected lengths of the period of signal ClkDiv, as determined
35 by the sign bit SIGN of signal NERR, changes sign. The sign change
of signal NERR is indicative of attaining a frequency error that is
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The drain electrode of transistor MP2 is coupled to the drain

el ectrode of transistor MP6 to devel op a sum signal Xl. Signal X1 is
devel oped in a pair of parallel coupled |oad resistors R10 and R12 and
is coupled to the gate el ectrode of transistor 25 MP10 of anplifier 531
of FIGURE 2B. Simlarly, the drain el ectrode of transistors MP3 of
FIGURE 2A is coupled to the drain el ectrode of transistor MP7 to
devel op a sumsignal X2. Signal X2 is developed in a pair of |oad
resistors R11 and R13 and is coupled 18 to the gate el ectrode of

transi stor MP9 of anplifier 531 of FI GURE 30 2B. The
signal gain, for exanple, via transistor MP2 varies I n the opposite

way to that S r h [
de%lerm ngd bs3Y/Tll flhéerr \Q/’gc%éﬁﬂ (8% t}@‘%?ﬁlré flfehuggfg rang®. ggeiu‘%‘;élagegh

differe r%&g REf o358 fig @ ‘éhaeng? states @and &g dast, state
transi stors gfPgighats MIRL" @03 dnd €F -(4jHih UemdiAe unchanged.

Signal NERR of FIGURE 7B is coupled to a first input A
of a subtractor 70. Signal NERR, delayed via a latch 71 by one
period of signal ClkDiv, is coupled to a second input B of subtractor

10 70. An absolute value of a difference between the input signals of
subtractor 70 is obtained in an absolute value forming stage 72
and is compared in a comparator 73 against a value contained in a
digital word signal THRESHOLD_2.

~ Assume that the period length error of signal ClkDiv

15 changes, from a given period H to the immediately following one

' of signal ClkDiv, by less than 2% of the expected period length of
clock signal ClkDiv. The 2% threshold value is contained in signal
THRESHOLD_2. Therefore, a signal CONSISTENCY is generated in
an output 73a of comparator 73. Thus, signal CONSISTENCY is

20 generated when the magnitude of signal NERR varies by no more
than 2% of the value of signal NSET of FIGURE 6 from one clock
period H to the immediately following 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

25 error signal Nerr.

‘Signal |Nerr| of FIGURE 7A is compared with a
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

30 is smaller than 2 clock periods of signal Clk.

' Assume that all of the followings occur: signal
CONSISTENCY of FIGURE 7A is produced, the value of signal |Nerr|
is greater than or equal to 2, but smaller than 8% of the value of
signal Nset, as provided in signal 60a of FIGURE 7A and signal CFR

35 is not generated. Therefore, an "AND" gate 74 produces a signal
FFR. Signal FFR initiates and establishes a fine or gradual
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phase .shift of signal Xl varies in a fine or gradual manner when
7

19

frequency error correction mode of operation in which the state of
5 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

10 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 §.

In the fine frequency error correction mode, signal FFR
of FIGURE 7A controls the operation of charge pump stage 54 of

15 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
20 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

25 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.

30 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
required. Similarly, a given pulse of signal FFR_DN has a pulse

35 width that is proportional to the magnitude of signal NERR and
‘occurs when the frequency of signal Clk is higher than required.
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anal og si gnal VOOCV that is coupled to anplifier 535c varies ina 5
gradual manner. Simlarly, the phase shift of signal X2 al so varies

ina fine or gradual manner in accordance with signal VCOCV. Si gnal X1
-1s nomnally at an opposite phase with respect to signal X2. Varying

t he phase shift of signal X1 or X2 causes the oscillation frequency of
RCVCO 53 and of signal Gk to vary, as 1 0 explained |ater on.

It may be desirable to achieve a wi de frequency range of , for exanple,
25-40 MHz of signal Ak and also to 2dhpensate for tol erances,
tenperature variations and for aging in the R-C del ay networks. The

R-C del ay networks are formed in RCVCO 53 1 5 wusing integrating circuit
fabrication techni queUnder the control of sTﬁIﬁlfFERU% aloFFRCUIO gr3 can be

o cPDedb B N o GRS 10 b I AA A B O P11 o
I medi at el ycorresponding one of a pair of two-input multlplexers 54a and
54b and through the corresponding one of a pair of gates 54c and
54d to the corresponding one of a pair of control terminals 54ca
and 54cb of the corresponding one of a pair of switches SW3 and
10 SW4. When the pulse of signal FFR_UP is generated, switch SW3
' couples a positive pulse current I3 to a terminal 54f. Similarly,
~ when the pulse of signal FFR_DN is generated, switch SW4 couples
a negatlve pulse current 14 to terminal 54f.
A capacitor Cint, formed using an mtegratmg circuit

15 fabrication technique, is coupled in parallel with a discrete
capacitor Cext via switch SW1. This is done by having the selector
of switch SW1 coupled to terminal 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

20 in parallel, when signal FFR_UP is produced, by an amount that is
proportional to the pulse width of signal FFR_UP. Capacitors Cext
and Cint are discharged, in a similar manner, when signal FFR_DN
occurs. Signal VCOCYV is produced in capacitor Cext and is coupled
to RCVCO 53 of FIGURE 2A. ,

25 Similarly to the coarse frequency error correction
mode, and for similar reasons, during intervals MEASUREMENT,
that occur during alternate periods H of signal HSRef of FIGURE 9b,
the frequency of signal Clk does not change simultaneously with
the measurement of the frequency error. Charging/discharging of

30 capacitors Cint and Cext of FIGURE 10, in accordance with signal
NERR, is enabled only during the other alternate periods intervals .
CONTROL of signal HSRef of FIGURE 9b. During operation in the
fine frequency error correction mode, the difference between the
period length of signal ClkDiv and that of signal HSRef is brought

35 to within 2 period length of signal Clk or approxxmately 0.2% of
period H of signal HSRef. e
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af t er spower is applied. To provide the coarse frequency 20 correction

node, the aforenentioned four sw tch-capacitor banks, SWA(i), are
provi ded. The paraneter "i" that designates the swi t ch-capaci tor bank
assunmes the four values, 0 to 3. Switch- capaci tor banks SWA(i) are
coupled to four correspondi ng termnals where signals TA(i), referred
to before, are devel oped. 25 Thus, a given bank SWA(i) is coupled to a
correspondi ng term nal where signhal TA(i) is designated by the same
value "i".-Simlarly, the afore ntioned four sw tch-capacitor banks,
SWB(i), are coupl ed to correspondi ng four term nals where signal
TB(i), referred to before, are devel oped In the same way, the 30
par aneter "i" assunesThbecon'BonenOrangeSthat is produced by sigiadhVEOEVBWA(i ),

Sui - apat bt arransanered SHgr cometfoh B of opBhdply, PG
of a given gé,g he optire)frequency range of RCVCO 53 of FIGURES 2A-2C.
Therefore, advantageously, signal VCOCV has a sufficiently large
range that overlaps each range of frequencies associated with a
given switching step of signals CF(4j+i) that occurs in the coarse
10 frequency error correction mode. This is so because, as explained
before, the range of frequencies associated with a given switching
step in the coarse frequency error correction mode is equal to
approximately 4% of the entire frequency range of RCVCO 53.
Advantageously, the correction range of signal VCOCV is still
15 sufficiently small so that sensitivity to noise is reduced.
As explained before, when signal CONSISTENCY of
FIGURE 7B is not .generated, the idle mode of operation occurs.
The idle mode occurs when, for example, signal HSRef of FIGURE 1
is contaminated with noise. In the idle mode, switch SW1 of
20 FIGURE 10 decouples capacitor Cext from terminal 54f. Therefore,
capacitor Cext of FIGURE 10 is neither charged nor discharged and
signal VCOCV is maintained relatively constant. In the idle mode,
signal VCOCYV is coupled via a unity gain amplifier and a switch
SW2 to capacitor Cint such that the capacitor voltage in terminal
25 54f of capacitor Cint tracks the voltage of signal VCOCV. The
control of switch SW2 is shown by the table in FIGURE 10.
Assume that after an interruption interval in signal
HSRef of FIGURE 1, normal operation signal HSRef is restored such
that signal CONSISTENCY of FIGURE 7B is again produced. Because
30 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
approximately required level for steady state phase lock
operation after the interruption interval in signal HSRef has
ended. Thus, transient condition in PLL 100 of FIGURE 1 may be,
35 advantageously, of short duration.
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formed by a transistor switch SA(4j+i), shown in FIGURE 3, that is 3 5
coupled in series with a correspondi ng capacitor CA(4j+i). Simlar
symbol s and nunerals in FIGURES 1, 2A-2C and 3 indicate simlar

22

FIGURE 11 illustrates in more detail a phase detector
5 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, &,
9a-9¢, 10, 11 and 12a-12g indicate similar items or functions.
Detector 51 of FIGURE 11 includes a D-type flip-flop Sic that is

10 clocked by signal HSRef and reset by signal ClkDiv. Flip-flop 5lc
generates a given pulse of signal FPH_UP of FIGURE 12c when the
leading edge of signal ClkDiv of FIGURE 12b lags behind that of
signal HSRef of FIGURE 12a. A D-type flip-flop 51d of FIGURE 11
is clocked by signal ClkDiv and reset by signal HSRef via a one-

15 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.
The pulse width of each of pulse signals FPH_UP and FPH_DN is
proportional to the phase difference. Only one of pulse signals

20 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 errdr, an

25 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.
Signal 60a is generated when signal | Nerr| is smaller than 2,
representing 2 clock periods of signal Clk.

30 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

35 error correction mode occurs. Flow chart paths 202, 206, 207 and
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itens.or functions. For a given bank SWA(i) of FIGURES 2B and 5 2C, the

paraneter |j assunes, selectively, one of the eight values 0O to 7.
A-given transistor switch SA(4j+i) of FIGURE 3 is 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 1 0 C(4j+i) and the val ue
of "j" is also common for both. Simlarly, each bank SWB(i) of " FlI GURES
2B and 2C includes eight parallel coupl ed transi stor sw tch-capacitor
arrangenents, such as,  for exanpl3e, bank SWA. Each of such ei ght
arrangenents is formed by a transistor switch SB(4j+i) of FIGURE 3

that is coupled in series 1 5 wth a capacitor CB(4j+i).

-Idn each palzrosofm %@kﬂo“ﬁwake o@nﬁxémm)s dB;piEﬂ %'i&?y the fiReapRaseC
es| gnay ed er¥ora cotrection am%dc is ogtameé1 S, TOr exampre,

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
FIGURE 9b. In the fine phase error correction mode, analog signal

10 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.
Similar symbols and numerals in FIGURES 1, 2A-2C, 3-6. 7A, 7B, 8,

15 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
multiplexers 54a and 54b and through gates 54c and 54d to

20 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.

In the first operation of the aforementioned three

25 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
SW4 would couple negative pulse current 14 to terminal 54f.

30 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
filter that develops in capacitor Cint a voltage proportional to the

35 phase error.
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‘banks. SWA(0Q) and SWB( 0), eight control signals CF(4j+i) control t he
correspondi ng eight pairs of transistor switches SA(4j+i) and 20 SB(4) +i)

desi gnated al so by the conmon value of "i" and the comon val ue of
"j". Signals CF(4j+i) are devel oped in a manner that is described

| ater on. Thus, the total of 32 pairs of sw tches SA(4j +i) and

SB(4j +i) are controlled by the 32 control signals CF(4) +i)
respectively. The value of "i*¥ for a given pair of switches 25 SA(4j+i) of
FIGURE 3 and SB(4j +i) and foor contrdl4signal. CF(4j+i) that controls
such pair of switches is the same. The value of "j" is al so common for
the given pair of switches SA(4j+i) and SB(4j+i) and for control

si gnal CF( 4j +i) that Iﬁofﬁer %éoﬁ&caq_&%'tfog of the sequence, a£0 a given
control nal ate, C SPO. paci t or
CA( 4] +.5) of e{lﬁ@t%@ﬁ %&3@@5 6 gencgaler RSO signal CHE éﬁ&
capaci tor 6BardH3c Qéllmeg the trailingeedge b sighat KCRIBY of FIGRE ched in
or coupl ed 1§ba Puise " signal CHK of FIGURE 6 causes, in a manner not shown,
switch SW2 of FIGURE 10 to open and switch SW1 to couple R
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 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 indicative of a situation in which signal VCOCV
30 approaches a magnitude that is outside a linear control range of
operation of RCYCO 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 of FIGURE 5 depict such situation. )
35 Should the phase error be large, resulting in a time
difference between the leading edge of signal HSRef of FIGURE 12a
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of the switches SA(4j +i) and SB(4j+i)to the term nals where signals
TA(i) and TB(i), respectively, are devel oped. Thereby, an increase 3 5

phase delay and a correspondi ng decrease in the oscillation _frequency
of signal Ok of FIGURE 2C occur. On the other hand.,
9 o

25

| and that of signal ClkDiv of FIGURE 12b or 12c that is equal to or

5 greater than 2 clock periods of signal Clk of FIGURE 7B, signal 81la
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 _
coupled to flip-flop S1c and 51d of phase detector 51 of FIGURE
11 via "OR" gates S5la and 51b for terminating or producing a

10 trailing edge of the then occurring pulse of signal FPH_UP or
FPH_DN. Thus, advantageously, in the fine phase error correction
mode, when detector 51 controls stage 54 of FIGURE 10, detector
51 of FIGURE 11 is prevented from varying the frequency/phase
of signal Clk by an excessive amount in each period of signal

15 ClkDiv. : '

Signal 81a of FIGURE 7B at the TRUE level that is
indicative of a large phase error is coupled to an input C of an
"AND" gate 90. Signal CONSISTENCY that is indicative of consistent
frequency error from one period H of signal HSRef of FIGURE 9b to

20 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
lNerrI 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,

25 8la, 60a and CONSISTENCY, are generated. Signal CPH_RST is
coupled to a clock input of a D-type flip-flop 91. An output Q of
ﬂip-ﬂop 91 is coupled to an input D of a D-type flip-flop 92 that
produces a pulse signal RST when the leading edge of signal HSRef

- occurs following the generation of signal CPH_RST.

30 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
ClkDiv. Thus, signal RST provides a coarse phase error correction
mode of operation. Flow chart paths 210, 211 and 212 in the flow

35 chart of FIGURE 5 depict the way the coarse phase correction

" mode is obtained. This mode can occur when, for example, the
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‘when a given control signal CF(4j+i) of FIGURE 3 assunes a FALSE 5 state,

the corresponding pair of capacitors are swtched out or decoupl ed,
causing an increase in the oscillation frequency of signal dk of

FI GURE 2C. A current mrror reference circuit 537 of

FI GURE 2A I ncludes a PMOS transistor MP20 that provides a smal
start-up 1 O current such as 1 [err]. The start-up current causes a vol tage
| evel at atermnal NBto initially rise to a threshold voltage of ‘a
transi stor MN10, typically 0.8V. Vol2lges at a ternminal NR and at

termnal NB are conpared in a bal anced PMOS current mrror anplifier
formed by transistors MP23, MP24, MN13 and MN 14. 1 5 Negati ve

f eedback f phaze dfef,l?‘naﬁ'Hﬁﬁef of BBIGURE t P thieis prodddéd iRfa aridéanapet or
MNL2 f%rm ngcor%%rv%han €s gtt)rup?fy, ﬁ%lrlsngN% vecli'tlcal 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
detector 51 in a manner that bypasses the .signal path of signal
VCOCV. As a result of the abrupt or coarse phase correction, the
10 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
or significantly reduced.
Should signal 81a of FIGURE 7B that is indicative of a
15 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
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
20 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
may be reduced. Such disturbance may be reduced when, for

example, the duration of the interruption in signal HSRef is short.
25
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‘NB to, be equal. The current flowmng in a resistor RL is, therefore,
proportional to the voltage at termnal NB. Once current starts
flrowng in resistor RL, in transistor MN12 and in transistor MP22, 20
additional current is sourced into termnal NB which causes the
voltage at termnal NBto rise to a |evel of about 1.5V. Thus, a

reference current flowng in transistor MP22 is nomnally 0.25 mA.

An out put voltage CS1 of current mrror reference 25 circuit 537

devel oped at the drain of transistor2WP22 is coupled to t he gates of
transi stors MP4 and MP8 of FI GURE 2B and transi stor MP11 of FI GURE 2C.
As a result, the current flow ng in-transistor MP4 of FIGURE 2A is
nom nal |y SVAARIS (gnp,mmme[lst f1 ow ng i n each of' the anplifiers

sourced, by transi stors MR8 and MP11l # (iwt 537 of FI GURE
A mai mtains stabilitly of\fy Agparatus; %@&H&gﬁ%g t"H’e Q§§kl1 ?‘IOQYO?“%!“I h respect
to supply vt i?cgelochedlg&) a synchronizing signal, comprising:

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

a controllable oscillator for generating said oscillatory

10 signal; and _

a detector responsive to said oscillatory and
synchronizing signals for measuring a cycle related error
therebetween and for generating a signal that is indicative of said
error, said error indicative signal being coupled to said oscillator

15 for varying a cycle of said oscillatory signal when said error -
exceeds a first value, the variation of said cycle of said oscillatory
signal and the measurement of said error occurring, alternately, in
non-overlapping periods.

20 2. An apparatus according to Claim 1 wherein said
detector comprises' a frequency detector, wherein said cyéle
related error is a frequency error and wherein said frequency
error indicative signél varies a frequency of said oscillatory signal.

25 3. An apparatus according to Claim 2 wherein the
variation of said oscillatory signal is prevented from occuring
simultaneously with the measurement of said frequeny error.

4. An apparatus according to Claim 3 wherein the
30 frequency measurement occurs in each of a given pair of
horizontal line periods and wherein the variation of said
oscillatory signal occurs during an interval between said pair
having a length that is equal to an integer multiple of a length of a
horizontal line period.

35
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'Si mul.ation shows that sensitivity to supply voltage change is 0.9% V

and to tenperature change is -0:012%[err]C. RCVCO 53 of
FFGURES 2A-2C is constructed in a 3 5 differential symretrical manner.
Signals X2, Y1, TA(O0), TA(l), TB(2), TB(3) and TB(4), defining a first

positive feedback path, are

28

5. An apparatus according to Claim 3 further
5 comprising, means for controlling said apparatus in a coarse
frequency correction mode when said frequency error exceeds a
second value that is larger than said first value and for controlling
said apparatus in a fine frequency correction mode when said

frequency error exceeds said first value and does not exceed said
10 second value.

6. An apparatus according to Claim 3 further
comprising, a phase detector responsive to said oscillatory and
synchronizing signals for measuring a phase error therebetween

15 to generate a signal that is indicative of said phase error, -said
phase error indicative signal being coupled to a control input of
said oscillator for varying a phase of said oscillatory signal when
said frequency error does not exceed said first value, the variation
of said phase of said oscillatory signal and the measurement of

20 said phase error occurring simultaneously.

7. An apparatus according to Claim 3 wherein said
frequency detector comprises, means for measuring a ratio
between a length of a period of said oscillatory signal and a length

25 of a period of said synchronizing signal and for generating a signal
‘that is indicative of said ratio, and means responsive to a signal
that is indicative of an anticipated ratio between said length of
said period of said oscillatory signal and said length of said period
of said synchronizing signal for generating said frequency error

30 indicative signal in accordance with a difference between said
ratios.

* c L M S *
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_'10 . differentially symmetrical with respect to signals X1, Y2, TB(O0),
5 TB(1), TA(2), TA(3) and TA(4), respectively, defining a second

positive feedback signal path. Therefore, phase difference bet ween a
pair of differentially symretrical signals such as, for exanpl e,
signals Y1 and Y2 does not vary when the gain of, for exanpl e,
anplifiers 535a and 535b of FIGURE 2A varies or when 1 0 a tenperature
variation occurs. RCVCO 53 oscillates at a frequency which is
deternmined by the total phase shift 29its pair posi tive feedback
pat hs. FIGURE 4 illustrates an exanple of simulated
wavef orns of signals Y1 and Y2 of FIGURE 1 when all the

' : ABSTRACT

5

In a phase-lock-loop circuit a frequency detector

measures a frequency error between an oscillatory signal and a
synchronizing signal in alternate horizontal line periods for
generating a frequency error indicative signal. The frequency

10 error indicative signal is applied to an oscillator for correcting the
frequency error in other alternate horizontal line periods in a
manner to prevent frequency error measurement and correction
from occurring in the same horizontal line period.
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1 5 switched capacitors in RCVCO 53 are decoupl ed by signals CF(4j+i),

resulting in maxi mum frequency or mninum period of signal Ok such as
19: 62nS. Simlar synbols and nunerals in FIGURES 1, 2A- 2C, 3 and 4
indicate simlar items or functions. As shown in Fl GURE 4,
signals Y1 and Y2 are nearly 20 identical in magnitude and they are phased
by 180 degrees with respect to each other. Signals Y1l and Y2 are
differentially symmetrical signals because of the differential
synmmetri cal configuration. Th%?réwossover points in signals Y1l and
Y2, such as points CO, that oc J when the instantaneous val ues of
signals Y1 25 and Y2 are si-nultaneously the sane, occur at the opposite
phase. - Advant ageously, the crossover points CO are nearly equally '
spaced in time as a result of= he aforenentioned differential
symretrical configuration. BeCause of the symetrical configuration
the duty cycle qf signal UK igs, advantageously, not
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3 0 af.fected by gain variations and tenperature caused conponent

vari ations. Therefore, advantageously, a relatively sinple _
"differential-to-single ended translation circuit 536 of FI GURE 2C t hat
receives signals Y1 and Y2 and is forned by transistors MP15, MP16,
MN20 and MN21 and gates U and U2 generates 35 signal Ck at approximtely
50% duty cycle. Furthernore, the

2016
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differential symmetry configuration provides inproved common 5 node

noi se rejection. The nmeasured noi se bandw dth of RCVCO 53
i s -30dB at 350 Hz. The short termstability 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 Hof 63.5 [err]sec. 1 0 To
control the frequency of RCVCO 53, sync signal HSRef of FIGURE | is
coupled to a frequency detector and coB/T@H stage 55. FIGURE 5
illustrates a flow chart useful for explaining t he operation of PLL
100 of FIGURE 1. FIGURES 6, 7A and 7B il lustrate correspondi ng
portions of stage 55 of FIGURE 1 in nore

. | .
SWA(O) "w
{ |
SA(O)’
' & e |
| . - mpsl TA(U)Q I
! 51— — .

| ' 1A o
MP9 MP10 1K (A SW-
.SP:__I_: s 2

e ndbn jm = aﬂ_w_ '
= = WS OBO R W) -

| Y24 5_31 . vl i(‘v‘ : '
! Xa (18 CZB 2330 !
RS R6 SW- ~

—> P 3P SW- 1
K Crage) [CAP] ™ — L |G CFdsil) |

' R 0 Lo senL -

FIG. 2B
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1 5 detailed bl ock di agram Simlar synbols and nunmerals in FlI GURES 1,
2A-2C, 3-6, 7A and 7B indicate simlar itens or functions.

In*the portion of stage 55 that is shown in FlI GURE 6, signal HSRef is
coupled to an input termnal C ear/Enable of a 13- "~ bit-counter 56.
Signal Gk oft RCVCO 53 of FIGURE 1 is coupled to 20 an input term nal
CLOCK of counter 56 of FIGURE 6. FlI GURES 9a and 9b illustrate an -
exanpl e of the pulses of signals C kD v ﬁq(s HSRef, respectively, of
FIGURE 6. Simlar synbols and nuneral s i FI GURES 1, 2A-2C, 3-6, 7A,
7B and 9A-9C indicate simlar itens or functions. 25

Count er 56 g” FI GURE 6 counts pul ses of signal Ck that occur during a
given periody H and referred to as an interval VMEASUREMENT i n FlI GURE
9b. At the ehd of interval MEASUREMENT, counter 56 of FI GURE 6
contains a bj ntry word signal NCL. Signal NCL has a nunerical value

that is equaj to the

| v
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3 0 nunber of clock pulses or periods of signal Ok that occur during a
gi ven period of signal HSRef. Thus, signal NCL contains the ratio
bet ween the frequency of signal Ok and that of signal HSRef.

Signal NCL is coupled to a subtractor 65 that generates a binary word
signal Nerr by formng a difference between the 3 5 val ue of signal NSET
and that of signal NCL. Signal NSET is a constant binary word that is
equal to the ratio between the 5/16 :

e 'MI__, gg!,,,m

CA(4si4i) .'I[—.2P 03(4.,'4)1 2p

FORI:0TO3 FORj:0T07 -

FIG. 3
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12 . _ frequency of signal Ck and that of
signal kD v, as indicated 5 before. Signal Nerr is stored in a latch 57
when a timng control signal CLKH occurs. Signal CLKH occurs
i mmedi ately followng that period H of signal HSRef during which
signal Nerr is neasured and gener at ed. ' Stored signal
Nerr is read out at an output of latch 57 1 0 as an output signal NERR
- Error signal NERR has a value that is equal to a difference between

t he nunber of clock periods of ' nal Cl k that occur during the given
peri od MEASUREMENT of si gnal HSRe%Vgﬁ FI GURE 9b and the nunber of
cl ock periods of
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signal Ok of FIGURE 6 that occur during the period of signal dkDiv 15
of FIGQURE 9a. Such difference is zero and represents no error, for

exanpl e, when PLL 100 of FIGURE I is in a phase-lock condition. . Thus,
signal NERR is indicative of a cycle related or frequency error. The
measur enent operation in which signal NERR is devel oped is depicted in
a flowhart path 197 of the flow chart of 20 FIGURE 5.

Frequency error indicative signal NERR of FIGURE 6 is . coupled to an

i nput of an absol ute val ue form ng_stage 58 of FI GURE 7A that produces

a bianry word signal Nerr . Signaff16  Nerr is equal to the absolute
val ue of signal NERR Signal Nerr 25 is conpared in a conparator_59 with

a constant val ue word signal THRESHOLD 1 that is equal to 8¥aA the
magni t ude of word signal NSET. The desired period |l ength of<§t§nal
CkDiv is contained in word signal NSET. Conparator 59 geneggtes a
word signal 59a

206 \
MEASURE PHASE ERROR |

214
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ANALOG
VGO OUT OF
RANGE

215

P-CHDiv PERIOD

MEASURENERR 197
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199

196
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when the error in the length of the period of signal ClkDiv, as 30

R
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measured by the nunber of clock cycles of signal Ok, is greater t han
8% of the desired period |l ength of signal CkDv. - Si gnal
59a is coupled to a reset input term nal RESET of a 6-bit counter 61
that counts up once in each period of clock signal d kD v, when
counting is enabled in counter 61. Counter 61 35 produces a signal 61a,
the nost-significant-bit MSB of countgls61. Counting is led in
counter 61 when si g_ggg% i s gener atg&® ‘87%6
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13
I nput
of *

5

term

flip-flop 63 is obtained shoul d,

nal

Si gnal

precedi ng periods H of signal
period of signal

d kD v,

d

6la is coupled via an OR gate 62 to a "J"
of a flip-flop 63. A TRUE state of an output signal
in each of the 32 i medi ately
in the length of the

as provided by the value of signal
greater than 8% of the desired period | ength.
such 32 periods H of signal

cd kD v,

the error

kDi v obﬁbGURE

RCVCO 53 of FIGURE 1 is not affected,

10
Suba have not el apsed,

NERR
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referred to as an idl e node operation and depicted in a path 194 of
the flow chart of FIGURE 5. Advantageously, the idle node occurs in a
manner to prevents the occurrence of the coarse 1 5 frequency correction
node, for exanple, throughout a verti cal bl anki ng interval (VBI).
During the vertical blanking interval, equal i zi ng pul ses EP of FI GURE

1 occur. Pul ses EP have a period: that is one-half of period H
Therefore, equalizing pulses EP in signal HSRef of FIGURE 1 produce a
val ue of error signal Nerr of 20 tg E 7A that is greaker than 8% of
the desired period | ength. However!,' “ecause t he nunbergﬁf equal i zation

pul ses EP of FI GURE 1is smaller than 32, counter 61 ag&gl "OR' gate 62

of FI GURE 7A prevent signal CFR fromattaining the TRE state
t hr oughout the vertical blanking interval. Therefore, foperation in
the coarse 25 [ requen correction node is prevented. Eh result of the
operation in the|idle advant ageousl y, the phase of= ~
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53 is not disturbed throughout the vertical blanking or retrace

i nt erval

desired period
| ar ge frequency

i nt erval . Ther ef or e,

Assune that the nunber of periods of signal
ClkDiv in 3 0 which error signal | Nerr | is greater than 8%

of the

| ength exceeds 32. This situation is indicative of a
error not due to operation in the vertical blanking

_ signal CFR of flip-flop 63 of FI GURE 7A woul d be
-generated at the TRUE state. Wen signal CFR is generated, it
PLL 100 of FIGURE 1 to operate in the coarse frequency
correction node of operation. During oququon In the coarse

3 5 causes
error

0 00000 0000 0000 0000 0000 0000 0000 0000 0000
1 00001 0000 0000 0000 0000 0000 0000 0000 0001
2 00010 0000 0000 0000 0000 0000 0000 0000 0011
3 00011 0000 0000 0000 0000 0000 0000 0000 0111
4 00100 0000 0000 0000 00O0O .0000 0000 0000 1111
5 00101 0000 0000 0000 0000 0000 0000 OQOO1 1111
6 00110 0000 0000 0000 0000 0000 0000 0011 1111
7 00111 0000 0000 0000 0000 0000 0000 O111 1111
8 01000 0000 0000 0000 0000 0000 0000 1111 1111
9 01001 0000 0000 0000 0000 0000 0001 1111 1111
10 01010 0000 0000 0000 0000 0000 0011 1111 1111
11 01011 0000 0000 0000 Q000 G000 Of11 1111 1111
12 01100 0000 0000 0000 0000 0000 1111 1111 1111
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 111 1111 1111
16 10000 0000 0000 0000 0000 1111 1111 1111 1111
17 10001 0000 0000 0000 0001 1111 1111 1111 111d
18 10010 0000 0000 0000 0011 1111 11111 1111 1111
19 10011 0000 0000 0000 O111 1111 #1111 1111 1111
20 10100 0000 0000 0000 1111 1111 1111 111 1111
21 10101 0000 0000 0001 1111 1111 1111 111 1114
22 10110 0000 0000 0011 1111 1111 1111 111 1111
23 10111 0000 0000 Of11 1111 1111 1111 1111 1111
24 11000 0000 0000 1111 1111 1111 1111 1111 1111
25 11001 0000 0001 1111 1111 1111 1111 1111 11
26 11010 0000 0011 1111 1111 1111 1111 1111 1111
27 11011 0000 o111 1111 111 1111 #1111 111 111
28 - 11100 0000 1111 111 111 1M1 1111 1111 1N
29 11101 0001 1111 11 111 111 11 1111 1N
30 11110 0011 1111 111 111 111 111 111 111
31 111 o1 1111 1111 111 11 1111 1111 11
CFRL(4:0) CF{31:28) CF{23:28) CF(15:12) CF{7:4)
' CFT:24) CF(19:16) CF(11:8) CF(30)
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14 . frequency error correction node, coarse frequency error is 5

reduced sequentially in RCVCO 53 in switching steps. The way si gnal
CFR is generated is indicated in flow chart paths 197, 200, 201, 196
and 199 of the flow chart in FlI GURE 5. FI GURE 10
Illustrates a nore detail ed di agram of charge punp stage 54 of FI GURE

1. Simlar synbols and nuneral s
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10 .in FIGURES 1, 2A-2C, 3-6, 7A, 7B, 9a-9c¢c and 10 indicate sinmlar

itens or functions. The table in FIGURE 10 provides the direction of
signal flow and the state of the switches in stage 54. Thr oughout the
coarse frequency error correction node, charge punp stage 54 of FI GURE
10 produces anal og control signal VCOCV 1 5 of RCVCO 53 of FIGURE 2A at a
constant level that is equal to reference vol tage VREF, provided via a
switch SW. of FI GURE 10. Signg ngcv of FIGURE 10 is established
approximately at its m ddl e v GV ariation range.

In the coarse frequency errogcorrection node, a 5-bit 20 bin counter
66 of FIGURE 6 counts up or éémn al ternate pul ses of signa kDi v.

The direction of counting in
accordance with the .state o
word signal NERR A 5-bit out
Is coupled to an input of a

ounter 66,
a nost

or down, is detersmned in
“ignificant or a sign&Pt SIGN of
al CFRL(4:0) of hmunter 66
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25 decoder 64, referred to herein as a "thernoneter" decoder.

Ther monet er decoder 64 produces the aforenentioned 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 3 0 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 CFRL(4:0) of FIGURES 6 and
8. Inthe table of FIGURE 8, binary "1" represents the TRUE state and

bi nary "0" represents the FALSE As shown in FIGURE 8, when
counter 66 of FIGURE 6 counts 3 5 up]4dg one of control signals CF(4j+i)
of FI GURE 8 changes state. The change in state is from FALSE to TRUE
state. Simlarly, when ' '

L 9y p
DATA Q > (UTPUTTO
o CHARGE PUMP
HSret f 0K Q :
: o CIR
518'\ T 5}3_
.| LEADING EDGE
™ oneshor || OR
PE_LAT —o- ' 1
FPH_DN
DATA Q > QUTPUTTO
~ | F_| | CHARGEPUMP
CKDiv ¢ {0k 0O
’ CLR' \
51f ) T ~ 51d
LEADING EDGE |
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15 counter 66 of FIGURE 6 counts down, only one of control signal s
5 CF(4J+I) of FI GQURE 8 changes state; mhereas the change in state is
from TRUE to FALSE. - I'n accordance with an inventive
feature, in the coarse frequency error correction node,  a
measur e/ control sequencer
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unlt/67 of FIGURE 6 generates a signal CFREnable that enables 10 counter

66_t0 count up/down alternate pul ses of signal C kDiv. Al ternate
puIses of signal C kDiv occur in alternate periods H of si gnal HSRef.
+Only during intervals CONTROL, that occur in al ternate periods of
“ signal HSRef of FIGURE 9b, between intervals MEASUREMENT, si gnal

CFR _Enabl e enabl es counter 66 of FIGURE 6 1 5 to change states. During
the other alternate periods of signal 16 /16H8Ref of FIGURE 9b, when

i nterval s MEASUREMENT occur, the ue of signal NCL is neasured, as
expl ai ned before, but counter 66 of FI GURE 6 does not change states.
Counter 66 does not change states while signals NERR or NCL of FI GURE
9b are being 20 neasured. In carrying out a further
inventive feature, by preventing counter 66 of FIGURE 6 from changi ng
states, during a gi ven interval MEASUREMENT of FI GURE 9b, the
frequency of : :

t—BLANKING—
G 198 w—tF L4 ¢ f
FIG.138 oo —if L (¢ 1
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R9/CO 53 of FIGURE 1 does not change at the sane time that the 25

ftequency of RCVCO 53 is being neasured. Thus, a give
in the coarse frequency correction node requires

| tep
t REPLAGEMENT (SHEETE | 'ock

pul ses of signal C kD v and occurs every pair of | pf

result of not having the frequency of RCVCO 53 c1awg¢§d4\gm1n% [

bei ng neasured, a nore stable and precise 3 0 frequepcy cControl ‘opergty on
i s obtai ned. For expl anation purposes|o

frequency error

VEASURENMENT
measur ed

correction node, assume that, in}la given interval
of FI GURES 9a and 9b, denoted as intervar—60Z,—the

frequency of signal Ok of RCVCO 53 of FIGURES 2A-2C is

hi gher 3 5 than requi EPHASBIEOCK LOGH WITHERROREASUREMENDCCUT F ence
of a po§itive val ue om éﬁﬁhﬁBﬁﬁvﬁ%ﬁm%&%ﬁe““y at the

10

15

20

25

30

35

The invention relates to an arrangement for
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 also be advantageous to operate the PLL with
input sync signal encountered in low-cost consumer video tape
recorders without time-base correction wheré 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



16 end of the immediately follow ng interval CONTRCL of FlI GURES 9a
5¢ and 9b, denoted as interval 603, counter 66 of FIGURE 6 is

incremented. The result is that a corresponding pair o YEY _ '
CA(4j +i) and CB(4j+i) of FIGURES 2A, 2B and 2C are Cvi { cREPLACEMBNT SHEET
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phase and frequency error, the system automatically selects one
5 of, for example, five control modes of operation of varying
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. A frequency detector
measures a frequency error between an output of an oscillator
10 and a horizontal sync signal for operating the PLL in a frequency
error control mode of operation when the frequency error exceeds
~a first value. When the frequency error does not exceed the first
value, the PLL operates in a phase error control mode of
operation. ,
15 In accordance with another inventive feature, in the
- frequency error control mode of operation, the measurement of
the frequency error occurs in alternate horizontal line periods.
Whereas, variation of the oscillator frequency for correcting the
frequency error occurs in other alternate horizontal line periods.
20 Advantageously, the measurement and correction of the
frequency error occur in non-overlapping horizontal line periods.
The result is a more stable and better controllable feedback loop.
On the other hand, in a phase error correction mode of operation,
correction of the phase error and measurement of the phase error
25 occur simultaneously in the same horizontal line period.
An apparatus, embodying an inventive feature, for
generating an oscillatory signal includes a source of a
synchronizing signal at a frequency that is related to a horizontal
scanning frequency. A controllable oscillator for generating the
30 oscillatory signal is provided. A detector responsive to the
oscillatory and synchronizing signals is used for measuring a cycle
related error therebetween and for generating a signal that is
indicative of the error. The error indicative signal is coupled to
the oscillator for varying a cycle of the oscillatory signal when the
35 error exceeds a first value. The variation of the cycle of the
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accordance with updated increnented val ue of word signal CFRL(4:0) of
FI QURE 6. The updated val ue of signal CFRL(4:0) is 10 i ncremented or

decrenented in accordance with the sign bit SIGN

FI GURE 6. Because additional pair of capacitors ; HEE _
positive feedback paths, a decrease in the frequpngy of signal

occurs. On the other hand, if the frequency of s|ghal2 £Jul 99%0

than required, a pair of capacitors 1 5 CA(4j+i) and|CB(4j+i) of FI ES
2B or 2C woul d be sw tched out or decoupled fromt 1 ack
pat hs. The capacitor switching occurs in the i rrrrLdi ately follown

I nterval CONTROL, or interval 603, of FIGURES 9a and 9b, causing an

i ncrease in th%scﬂlatorf %lf‘arlci(n@fthmsél%n?ém%ﬁ%ﬁgse%r 2Gecut?

Ther not er dgecod GURE 6 operates In 1?iuc way that a change
of state in’ cod gpatg méﬁs&@“b‘?ﬂ? NG o PETIGES switched capacitors in
t he correspondi ng pair oFIGURE ilvéllhistextesnicak block diagram of a phase-lock-

loop (PLL), embodying an aspect of the invention;
FIGURES 2A, 2B and 2C illustrate a detailed schematic
diagram of a programmable switched R-C voltage controlled
10 oscillator of the PLL of FIGURE 1;
FIGURE 3 illustrates a switched capacitor arrangement
of the oscillator of FIGURES 2A-2C;
FIGURE 4 illustrates waveforms useful for explaining
the arrangement of FIGURES 2A-2C;
15 FIGURE 5 illustrates a flow chart useful for explaining
the operation of the PLL of FIGURE 1;
FIGURES 6, 7A and 7B illustrate more detailed
diagrams of portions of the PLL of FIGURE 1;
FIGURE 8 is a table useful for explaining the operation
20 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
stage of the PLL of FIGURE 1; |
25 FIGURE 11 illustrates a detailed schematic of a phase
detector of the PLL of FIGURE 1;
FIGURES 12a-12g illustrate waveforms useful for.
explaining the operation of the phase detector of FIGURE 11; and
FIGURES 13a-13d illustrate waveforms useful for
30 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
base band video signal VIDEO-IN obtained from, for example, a
35 video detector, not shown, of a television receiver is coupled to a
.conventional sync separator 50 that generates pulses of a



paths, respectively, to be switched in or out and no other pair of
capacitors is affected, as explained before. Therefore.25. _advantageously,

t he change, increase or decrease, in the frequency REPLACE I cle of
FI GURE 2C i s nonotoni cal and not affected by co cmi%s
Thus, for the entire frequency range, the frequg¢ngy of signal Ckjis
proportional to the value of word signal CFRL(410 cf“F‘ﬁ&Jl@‘B 3P
For explanation purpose, assunme that prior to the end of a giveh
interval CONTROL, denoted as an interval 01, of FI GURES 9a and 9p,
the value of signal CFRL(4:0) of FIGURE 6 is eq ue

23 corresponds to j=5 and i=3, since 4j +i =23. As expl ai 'néd before, i
![ ﬁ es\e;'gleﬁteS'doo? LX}PTr{z%n glhgyn\éalsyg%%l q{§Rgf th%vignga%.dpellio&i SHSEJ %Ch&qz&ﬂla}’ from
deflection frequency fy that is in, for example, the NTSC standard
15,734 Hz.
An oscillatory signal ClkDiv is produced at an output of
a programmable divide-by-N counter 52 by frequency dividing an
output signal Clk of PLL 100 produced in a programmable,

10 resistor-capacitor (R-C) type voltage-controlled-oscillator (RCVCO)
53. Output signal Clk may be used in various stages, not shown, of
the television receiver for video signal processing. In steady state
operation, the frequency of signal Clk is equal to N x fg. The value
N denotes a ratio between the frequency of signal Clk and that of

15 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
period of signal ClkDiv. '-

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

20 of RCVCO 53 of FIGURE 1. Similar symbols and numerals in
FIGURES 1 and 2A-2C indicate similar items or functions. RCVCO
53 of FIGURE 2B includes a differential amplifier 531 formed by a
pair of transistors MP9 and MP10. A current source transistor
MP8 produces a corresponding source electrode current in each of

25 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
MP11, MP12 and MP13 and load resistors R7 and R8. A pair of
signals X2a and Xla developed in load resistors RS and R6 of

30 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
phase shift produced by network 533a or 533b is controllable in a
coarse frequency correction mode of operation, as explained later

35 on. The phase shift determines, in part, the frequency of
oscillation of signal Clk. .
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is 5 such that counter 66 of FIGURE 6 counts up,

1] 'Erre'rval
601. Thus, in a subsequent interval MEASUREMENT, deno rj &E‘:‘WEW §H ET
interval 602 of FIGURES 9a and 9b, signal CFRL(4:0) | GURE
. 24 JUL 199
5
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35

Furt her assune that the sign bit SIGN of signal NERR

. Delay network 533a includes a resistor R1A and a
non-switched capacitor C1A. A switched capacitor bank SWA(O) is
also coupled to capacitor C1A. A deldyed signal TA(O) is
developed at a junction terminal TA(O)a, between capacitor Cl1A
and resistor R1A. Signal TA(0) is coupled via a resistor R2A to a
capacitor C2A. A switched capacitor bank SWA(1) is also coupled
to capacitor C2A. A delayed signal TA(1) is developed in capacitor
C2A. Signal TA(1) is delayed with respect to signal TA(0).
Similarly, network 533b includes a resistor R1B, a capacitor C1B
and a bank SWB(0) that produces a signal TB(0). Network 533b
includes a resistor R2B, a capacitor C2B and a bank SWB(1) that
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
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
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 R5A and a capacitor CSA to produce
a further delayed signal TA(4). Similarly, delay network 534b
includes resistors R3B, R4B and RSB that are analogous to resistors
R3A, R4A and 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
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),



§

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) ang¢g—€Bt24)—h-1-0__hanks
SWA(0) and SWB(0), respectively, of FIGURE 2 will be REIBLASEMENFI%EEM nd

coupled to the corresponding pair of positive f ¢e CO
53 at the end of interval 601 of FI GURES 9a and}9b. heh
capacitors that were already coupled to the corjfe pond| %-WB% VE
feedback paths, prior to the end of 1 5 interval 60 an
will not be affected by the i ncremeft of the vajue of signal ,1(4 0)
of FIGURE 8. In this way, capacitors CA(4j+i) anid o4 r—of—~F-URES

2B and 2C are
manner .

of he entipo’ RICkng M?? E?fl??egcw

swtched in or out in a progressive or nonotoni cal
respectlvely, afe eaplédtter %ie elINiisdes 0bf Fal PaE oPbtrafidistogdhange

arbhee sdscef BYUURRCER Y

entire frequency range ofln Roubipber r5 bisansisfoesh dME2i ang2MP3 form a
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differential amplifier 535a having a controllable gain. Similarly,
transistor MP6 and MP7 form a differential amplifier 535b having
a controllable gain. The gains of amplifiers 535a and 535b vary in
opposite directions in accordance with variations in drain currents
produced by a pair of transistors MP1 and MP5 that form a
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 MPG6, respectively. Thus, the
phase shift of signal X1 varies in a fine or gradual manner when



capacitor switching steps or fewer. Sign bit SI GN of

signal NERR of FIGURE 7A is coupled, 25 both del ayed a ed _to a
pair of input termnals of an excl usive or gate 69 lﬂ#@Aﬂﬂmﬂﬂe “pn
bit is produced in a latch 68. Gate 69 produces an o Spe

that is coupled to a "K" i nput termnal of J-K flip- p :

Advant ageously, switched capacitors CA(4j+i) and 3 0O (4j %ﬁ Ji’ttewﬁﬁ' tichjed
in or switched out of the positive feedback path i i
negative feedback | oop. The generation ofysignal R is disabled and
operation in the coarse frequency error control no

di fference betmeen t he nmeasured and expected | engths of the period of

changes sign. The dlca i ve of
attaining a ﬁrecg]@ql, BYaNPEr.t hgtmqlgrly, 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

X2. Varying the phase shift of signal X1 or X2 causes the

oscillation frequency of RCVCO 53 and of signal Clk to vary, as
10 explained later on.

signal CkDv, %%f@gﬁ%Cé@ ttﬂ}é H?%oﬁ?%&&@lﬂpgﬁ INlesNGRE

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

15 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
after power is applied. To provide the coarse frequency

20 correction mode, the aforementioned four switch-capacitor banks,
SWA(), are provided. The parameter "i" that designates the
switch-capacitor bank assumes the four values, 0 to 3. Switch-
capacitor banks SWA(i) are coupled to four corresponding
terminals where signals TA(i), referred to before, are developed.

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

30 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

~ formed by a transistor switch SA(4j+i), shown in FIGURE 3, that is
35 coupled in series with a corresponding capacitor CA(4j+i). Similar
. symbols and numerals in FIGURES 1, 2A-2C and 3 indicate similar
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items or functions. For a given bank SWA(i) of FIGURES 2B and
2C, the parameter j assumes, selectively, one of the eight values O
to 7.

A given transistor switch SA(4j+i) of FIGURE 3 is
coupled in series with a corresponding capacitor CA(4j+i) such that
the value of "i" is common to both switch SA(4j+i) and to capacitor
C(4j+i) and the value of "j" is also common for both. Similarly,
each bank SWB(i) of FIGURES 2B and 2C includes eight parallel
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() 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,
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FIGURE 7B is coupled to a first input A of a subtractor
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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, MN13 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 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
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



period Hto the imediately follow ng one of signal AkD.yv. It fol |l ows

that signal CONSI STENCY of FIGURE 7B is indicative of tr@EPLACEME'i\Q SEN f
a stabl e and noi se free synchroni zing signal HSRef and |25—-eflQL_Si

Nerr . Signal Nerr of FIGURE 7TAis cqnpared with a
constant value that is equal to 2 in a conparator 60. (o 4l 1996 |6p
generates a signal 60a when the error or difference infthe peri of

|l ength of signal CkDiv with respect to that of signaIJHSRef 3 07r1s smal}er
than 2 clock periods of signal dKk. Assune.that all of fhe
foll owi ngs occur: signal CONSI STEII\Q:Y of FIGURE 7A is produced, the
val ue of signal Nerr Is greater than or equal to 2, but snmaller than

c : ; . .
TA and oi gnal GHRETensally REPRIUHER Ul TPRRSREr bt SIS RNOY Hal B
produces a 3i giAd@(1), TAQKHRA@Q)gmad TAR)| nespestioslygndefésingbh i sebeada fine or
gradual positive feedback signal path. Therefore, phase difference
between a pair of differentially symmetrical signals such as, for
example, signals Y1 and Y2 does not vary when the gain of, for
example, amplifiers 535a and 535b of FIGURE 2A varies or when
10 a temperature variation occurs. RCVCO 53 oscillates at a
frequency which is determined by the total phase shift in its pair
positive feedback paths.
FIGURE 4 illustrates an example of simulated
waveforms of signals Y1 and Y2 of FIGURE 1 when all the
15 switched capacitors in RCVCO 53 are decoupled by signals CF(4j+i),
resulting in maximum frequency or minimum period of signal Clk
such as 19.62nS. Similar symbols and numerals in' FIGURES 1, 2A-
2C, 3 and 4 indicate similar items or functions.
As shown in FIGURE 4, signals Y1 and Y2 are nearly
20 identical in magnitude and they are phased by 180 degrees with
respect to each other. Signals Y1 and Y2 are differentially
symmetrical signals because of the differential symmetrical
configuration. Thus, crossover points in signals Y1 and Y2, such as
points CO, that occur when the instantaneous values of signals Y1
25 and Y2 are simultaneously the same, occur at the opposite phase.
Advantageously, the crossover points CO are nearly equally
spaced in time as a result of the aforementioned differential
symmetrical configuration. Because of the symmetrical
configuration, the duty cycle of signal Clk is, advantageously, not
30 affected by gain variations and temperature caused component
variations. Therefore, advantageously, a relatively simple
differential-to-single ended translation circuit 536 of FIGURE 2C
that receives signals Y1 and Y2 and is formed by transistors
MP15, MP16, MN20 and MN21 and gates Ul and U2 generates
35 signal Clk at approximately 50% duty cycle. Furthermore, the
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differential symmetry configuration provides improved common
mode noise rejection.

The measured noise bandwidth of RCVCO 53 is -30dB
at 350 Hz. The short term stability of RCVCO 53 within 1 second is
about +150 Hz or 20 ppm, corresponding to a 1.3 ns jitter -in one
horizontal line period H of 63.5 usec.

To control the frequency of RCVCO 53, sync signal
HSRef of FIGURE 1 is coupled to a frequency detector and control
stage 55. FIGURE 5§ illustrates a flow chart useful for explaining
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.

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
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
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
between the frequency of signal Clk and that of signal HSRef.

Signal NCL is coupled to a subtractor 65 that generates
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
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5 coupling or decoupling of the switched capacitor in FI GURES 2A-2C

‘is not affected. Flow chart paths 202, 203, 204 and [205.,] T everal I OwW

chart of FIGURE 5 depict the conditions for the genér%?ﬂdﬂm ‘ﬁﬂ“sr‘&q‘i nal

FFR of FIGURE 7A. On the other hand, should signal CONSI STENCY [n¢t be
generated, RCVCO 53 of FIGURE 1 will not be 1 0 affledte®A JUEBB NG iin t he
af orenenti oned idl e node of operation, as depidqtgqd in flow chajt {pat hs
197, 204 and 209 of the flow chart of FI GURE 5. kn the
fine frequency error correction node, sgignal FFR of FIGURE 7A comtrols
the operation of charge punp stage 54 of 1 5 FIGJURE 10 for varyi ng anal og
signal VCOCV. Variation of signal VCOCV causes the frequency of RCVCO

53 of FI GURE N cad : B ney of ROVO
o3 of FLOURE TerbQuatiy of Nifhal Clic $hiddufk SRQNGI PRI ! HUdRMEN N0 Step

apacttor,. unl | rse frequency erro
correct i on nodeefore. 1gnaf Netr'is StQF"dﬁdP *Nlémhog%F‘P’ glm’élgcﬁﬂ‘ﬂ)‘lr‘é{i

t hrough a wor dsignal 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

10 as an output signal NERR. Error signal NERR has a value that is
equal to a difference between the number of clock periods of
signal Clk that occur during the given period MEASUREMENT of
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

15 of FIGURE %a. Such difference is zero and represents no error, for
example, when PLL 100 of FIGURE 1 is in a phase-lock condition.
Thus, signal NERR is indicative of a cycle related or frequency
error. The measurement operation in which signal NERR is
developed is depicted in a flowchart path 197 of the flow chart of

20 FIGURES.

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|

25 is compared in a comparator 59 with a constant value word signal
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

30 measured by the number of clock cycles of signal Clk, is greater
than 8% of the desired period length of signal ClkDiv.

Signal 59a is coupled to a reset input terminal RESET
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

35 produces a signal 61a, the most-significant-bit MSB of counter 61.
- Counting is enabled in counter 61 when signal 59a is generated.
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20 limter 75 to a pulse generator 76. Limter 75 produces an eight-
btt, 2's conplenent word signal 75a fromthe | east significant ei ght
bits of signal NERR Signal NERR is a. 13-bit word sign he
magni t ude of signal NERR be | arger than what can be akp‘bA,rgrEMEgntp £

eight-bit word signal 75a, signal 75a would be 25 eg4tgblished at a yalue
that is equal to the upper limt, positive or nedati @4 HIL 3996
eight-bit, 2's conplenent word. Word signal 75a ifs]stored in a binary
counter, not shown, of a pul se generator %6' Pul §e generator /6
generates a pulse of a signal FFR_UP or L pul se a signal FER DN in
accordance with bit SIGN of signal NERR 3 0 A given pul se of
out put signal FFRUP has a pul se width that is propartional to the

magni t ude of error signal SKEmk 61a is gaupled vin QR sate$2 i aval apst
signal NERR s negainalef Hiftipaflop 63. BFARWPEostaer 6f whesutphe signal| @FR yofof

signal Qlcis | AE-abBa8s is obfabibl Shdutd F bRE) Yor eI mRtlcie ST Onal
- preceding periods H of signal CikDiv, the error in the length of the
period of signal ClkDiv, as provided by the value of signal lNerr_l,
be greater than 8% of the desired period length.
10 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
15 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
20 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
25 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
30 which error signal | Nerr | is greater than 8% of the desired period
length exceeds 32. This situation is indicative of a large frequency
“ error not due to operation in the vertical blanking interval.
Therefore, signal CFR of flip-flop 63 of FIGURE 7A would be
generated at the TRUE state. When signal CFR is generated, it
35 causes PLL 100 of FIGURE 1 to operate in the coarse frequency
error correction mode of operation. .During operation in the coarse
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frequency error correction mode, coarse frequency error is
reduced sequentially in RCVCO 53 in switching steps. The way
signal CFR is generated is indicated in flow chart paths 197, 200,
201, 196 and 199 of the flow chart in FIGURE 5.

FIGURE 10 illustrates a more detailed diagram of
charge pump stage 54 of FIGURE 1. Similar symbols and numerals
in FIGURES 1, 2A-2C, 3-6, 7A, 7B, 9a-9¢c 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
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
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
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

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



Under the control of signal FFR, signal FFRUP or 5 FFRDN of FIGURE 10 is
sél ected and coupl ed through the correspondi ng onge-of-.a_pair of
two-input nultiplexers 54a and 54b and through th RE?LKBEMEIW'SHI;?“

of a pair of gates 54c and 54d to the correspondi g
control term nals 54ca and 54cb of the correspondin %23 g% a Eai
swtches SWB and 1 0 SWI. Wen the pul se of signal FFRJUP i‘s” d
switch SWB couples a positive pulse current 13 tofjaliernmpal 54f.
Simlarly, when the pul se of signal ] GFRDN i s genefated, swtch SW
coupl es a negative pulse current 14 to term nal 54f- A
capacitor Cint, fornmed using an integrating circuit 1 5 fabrication =

technique, is C%Q.h%i 55' ﬁmt}mw Ebuﬁtsda&@ﬁebmy one_ &taeaﬁﬂrbprsl K via

Co termnai Sar GHAHD of MOLRE I channss sifes Whereasn Mo RenEnin CEHE S| of
switch SW i s sHoom ’B&Uﬁﬁm FARISE.

In accordance with an inventive feature, in the coarse
frequency error correction mode, a measure/control sequencer
unit 67 of FIGURE 6 generates a signal CFR_Enable that enables

1'0  counter 66 to count up/down alternate pulses of signal ClkDiv.
Alternate pulses of signal ClkDiv occur in alternate periods H of
signal HSRef. Only during intervals CONTROL, that occur in
alternate periods of signal HSRef of FIGURE 9b, between intervals
MEASUREMENT, signal CFR_Enable enables counter 66 of FIGURE 6

15 to change states. During the other alternate periods of signal
HSRef of FIGURE 9b, when intervals MEASUREMENT occur, the
value of signal NCL is measured, as explained before, but counter
66 of FIGURE 6 does not change states. Counter 66 does not
change states while signals NERR or NCL of FIGURE 9b are being

20 measured.

LY

@)

D f

In carrying out a further inventive feature, by
preventing counter 66 of FIGURE 6 from changing states, during a
given interval MEASUREMENT of FIGURE 9b, the frequency of
RCVCO 53 of FIGURE 1 does not change at the same time that the

25 frequency of RCVCO 53 is being measured. Thus, a given
switching step in the coarse frequency correction mode requires
two horizontal clock 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

30 frequency control operation is obtained.

For explanation purposes of the coarse frequency error
correction mode, assume that, in a given interval MEASUREMENT
of FIGURES 9a and 9b, denoted as interval 602, the measured
frequency of signal Clk of RCVCO 53 of FIGURES 2A-2C is higher

35 than required. Such situation is indicated by the occurrence of a
positive value of signal NERR of FIGURE 6. Consequently, at the



in FIGURE 10. Consequently, capacitors Cext and Cnt are charged 20 _in

paral l el , when signal FFRUP is produced, by an anount tjhapj Q
proportional to the pulse width of signal FFR UP. Capadit %TL@EMEM aHEET and
Cint are discharged, in a simlar manner, when signal HAFRDN (o]} urc.
Signal VCOCV is produced in capacitor Cext and is coupljed 24 JUb Cp %3
of FIGURE 2A. 2 5 Simlarly to the coarse |frlequency_error
correction node, and for simlar reasons, during ijntervals
VEASURENMENT, that occur during alteypate periods H-gfwnsighalHSRefof
FI GURE 9D, t he frequency of signal E:Fk does not change simultaneously
\é\ﬁ'gh t he rreasurerrent of the frequency error. Charging/discharging of
capaC| tors O Cext C
NERR, 1o enabl ednh Tkl AR VAT iR ED Wﬁ%ﬁ LEI@WE‘S o

CONTROL of sﬁgnaﬂnd depoted| @ mmtenyal 603, ngu@pér&“ FIGUR is  fine

frequency error jaefen@site@n MEe redule 1§iltfhfaer£rt©erel@pbmmrg Tphﬁ' of capacitors
CA(4j+i) and CB(4j+i) of FIGURES 2A, 2B and 2C are switched-in, in
accordance with updated incremented value of word signal
CFRL(4:0) of FIGURE 6. The updated value of signal CFRL(4:0) is

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

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

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

25 advantageously, the change, increase or decrease, in the frequency
of signal Clk of FIGURE 2C is monotonical and not affected by
component tolerances. Thus, for the entire frequency range, the
frequency of signal Clk is proportional to the value of word signal
CFRL(4:0) of FIGURE 6.

30 For explanation purpose, assume that prior to the end
of a given interval CONTROL, denoted as an interval 601, of
FIGURES 9a and 9b, the value of signal CFRL(4:0) of FIGURE 6 is
equal to 23. The value 23 corresponds to j=5 and i=3, since
4j+i=23. As explained before, i is selected only from the values O

35 to 3 and, j is selected only from the values O to 7.
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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
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
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
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
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"
input terminal of J-K flip-flop 63.

Advantageously, 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 coarse frequency error
control mode ceases when the difference between the measured
and expected lengths of the period of signal ClkDiv, as determined
by the sign bit SIGN of signal NERR, changes sign. The sign change
of signal NERR is indicative of attaining a frequency error that is



The .correction range that is produced by signal VCOCV 5 in the fine
f. i ti de i imately 8 % —of7" TITE, |
reguency error correction node is approxi mately 0 fﬂum-ﬁ? gHEeET

frequency range of RCVCO 53 of FI GURES 2A- 2C. Ther 4

advant ageously, signal VCOCV has a sufficiently |arge range that
over |l aps each range of frequencies associated with a gi 24nJEM 199K Ng
step of signals CF(4j+i) that occurs in the coarse 10 fjrqgquency error
correction node. This is so because, as expl ai ned Qef , Q
frequenci es associated with a given sw tlc?i ng stepJin the coarse
frequency error correction node is equal to approxi mately 4% of the
entire frequency range of RCVCO 53. Advant ageously, the correction
range of signal V is stiJl 1 sufficientlw small s at et Vity
to noise is reds@alfer or equal to 2% o tkg E%WCa%f‘f?@&eB%’f orgg,gg'v\hgﬁgg%i%dne& |

CONSI STENCY ®f counteF| 68URE FEGURE 6t cgancer tx ebiangehstatey angodie kst gfteat i on
oceurs. of signals CFRL (4:0) and CF (4j+i) remains unchanged.

Signal NERR of FIGURE 7B is coupled to a first input A
of a subtractor 70. Signal NERR, delayed via a latch 71 by one
period of signal ClkDiv, is coupled to a second input B of subtractor

10 70. An absolute value of a difference between the input signals of
subtractor 70 is obtained in an absolute value forming stage 72
and is compared in a comparator 73 against a value contained in a
digital word signal THRESHOLD_2.

Assume that the period length error of signal ClkDiv

15 changes, from a given period H to the immediately following one
of signal ClkDiv, by less than 2% of the expected period length of
clock signal ClkDiv. The 2% threshold value is contained in signal
THRESHOLD_2. Therefore, a signal CONSISTENCY is generated in
an output 73a of comparator 73. Thus, signal CONSISTENCY is

20 generated when the magnitude of signal NERR varies by no more
than 2% of the value of signal NSET of FIGURE 6 from one clock
period H to the immediately following 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

25 error signal Nerr.

Signal |Nerr| of FIGURE 7A is compared with a
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

30 is smaller than 2 clock periods of signal Clk.

Assume that all of the followings occur: signal
CONSISTENCY of FIGURE 7A is produced, the value of signal |Nerr|
is greater than or equal to 2, but smaller than 8% of the value of
signal Nset, as provided in signal 60a of FIGURE 7A and signal CFR

35 is not generated. Therefore, an "AND" gate 74 produces a signal
FFR. Signal FFR initiates and establishes a fine or gradual



The idl e node occurs when, for exanple, signal HSRef of FIGURE 1 IS
contam nated with noise. In the idle node, switch SW_of 20 __ _FEJ GURE 10
decoupl es capacitor Cext fromterm nal 54f. Therefo GEEPri Cext
of FIGURE 10 is neither charged nor discharged and REPLACEMENP SALE S
mai ntai ned relatively constant. In the idle node, V\%Igﬂﬁ' &C\/ Ik
coupled via a unity gain anplifier and a switch i tor] G nt
such that the capacitor voltage in termnal 25 541 ¢f capacitor §
tracks the voltage of signal VCOCV. The19 controf of switch SW2 isfshown

by the table in FI GURE 10. Assune t-h i
interruption interval in si gnal HSRef of FIGURE 1, normal operation

si gnal HSRef |sfrestored such 8 al_ CONSI STENCfHBﬁf FIGURE 7B is
agai n produced. "BALERSE 5EOT 8P“Fﬁ8°8p8‘r°é‘?u TRETRHRD | W hes St Ofvcooy

of FIGURE 105 i scoupling@ir déecouplingdofintbie issvitahed tapasliter tin EEGEJIRE&C%A -2C

lmg'CEt ained at tRenot affRed.OXFIGR &hart’ paths’ 202 288! 20ar asd ¥y islifee phase
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

10 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

15 FIGURE 10 for varying analog signal VCOCV. Variation of signal
VCOCY 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

20 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

25 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.

30 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
required. Similarly, a given pulse of signal FFR_DN has a pulse

35 width that is proportional to the magnitude of signal NERR and

. occurs when the frequency of signal Clk is higher than required.



operation after the interruption interval in signal HSRef has ended.

Thus, transient condition in PLL 100 of FIGURE 1 may &3 PPN
advant ageously, of short duration. HE?‘-"“%E"‘AE“'T SHiEt
REPLACENMENT SHEET 32
24 JUL 1996
20

10

15

20

25

30

35

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
54b and through the corresponding one of a pair of gates 54c and
54d to the corresponding one of a pair of control terminals 54ca
and 54cb of the corresponding one of a pair of switches SW3 and
SW4. When the pulse of signal FFR_UP is generated, switch SW3
couples a positive pulse current I3 to a terminal 54f. Similarly,
when the pulse of signal FFR_DN is generated, switch SW4 couples
a negative pulse current I4 to terminal 54f.

A capacitor Cint, formed using an integrating circuit
fabrication technique, is coupled in parallel with a discrete
capacitor Cext via switch SW1. This is done by having the selector
of switch SW1 coupled to terminal 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
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,
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
CONTROL of signal HSRef of FIGURE 9b. During operation in the
fine frequency error correction mode, the difference between the
period length of signal ClkDiv and that of signal HSRef is brought
to within 2 period length of signal Clk or approximately 0.2% of
period H of signal HSRef.



FIGURE 11 illustrates in nore detail a phase detector 5 51 of FIGRE 1
that is used in a phase error correction node of d)pﬁE A@QENT@W

12a-12g illustrate correspondi ng wavef or ns. Simlar Sy SE=Ya
nunmeral s in FIGURES 1, 2A-2C, 3-6, 7A, 7B, 8, 9a- 9c, 10 11 and
12a-12g indicate simlar itens or functions.. Det edt ¢r 34 HL WWURE |1
I ncludes a D-type flip-flop 51c that is 1 0 clocked by g4ignal HSRef ahd

reset by signal dkDiv. Flip-flop 5lc generates a|lgi ven pul se of
signal FPH UP of FIGURE 12c when the 211 eadi ng edge 'af_signal ClkDia.bf

FI GURE 12b | ags behind that of signal HSRef of FIGURE 12a. A D-type
flip-flop 51d of FIGURE 11 I's clocked by signal kD v and reset by

;ieggggt g?Rgf vagna one- 1The ﬁi@icltmrrlﬂ &aﬁ[glgbrmolg ﬁﬂd‘ducg&ﬂb P-sigd $TOCV
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of the entire frequency range of RCVCO 53 of FIGURES 2A-2C.
Therefore, advantageously, signal VCOCV has a sufficiently large
range that overlaps each range of frequencies associated with a
given switching step of signals CF(4j+i) that occurs in the coarse
10 frequency error correction mode. This is so because, as explained
before, the range of frequencies associated with a given switching
step in the coarse frequency error correction mode is equal to
approximately 4% of the entire frequency range of RCVCO 353.
Advantageously, the correction range of signal VCOCYV is still
15 sufficiently small so that sensitivity to noise is reduced.
As explained before, when signal CONSISTENCY of
FIGURE 7B is not generated, the idle mode of operation occurs.
The idle mode occurs when, for example, signal HSRef of FIGURE 1
is contaminated with noise. In the idle mode, switch SW1 of
20 FIGURE 10 decouples capacitor Cext from terminal 54f. Therefore,
capacitor Cext of FIGURE 10 is neither charged nor discharged and
signal VCOCV is maintained relatively constant. In the idle mode,
signal VCOCYV is coupled via a unity gain amplifier and a switch
SW2 to capacitor Cint such that the capacitor voltage in terminal
25 54f of capacitor Cint tracks the voltage of signal VCOCV. The
control of switch SW2 is shown by the table in FIGURE 10.
Assume that after an interruption interval in signal
HSRef of FIGURE 1, normal operation signal HSRef is restored such
that signal CONSISTENCY of FIGURE 7B is again produced. Because
30 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
approximately required level for steady state phase lock
operation after the interruption interval in signal HSRef has
ended. Thus, transient condition in PLL 100 of FIGURE 1 may be,
35 advantageously, of short duration.
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Similar symbols and numerals in FIGURES 1, 2A-2C, 3-6, 7A, 7B, 8,
9a-9c, 10, 11 and 12a-12g indicate similar items or functions.
Detector 51 of FIGURE 11 includes a D-type flip-flop 5lc that is
clocked by signal HSRef and reset by signal ClkDiv. Flip-flop 51c
generates a given pulse of signal FPH_UP of FIGURE 12c when the
leading edge of signal ClkDiv of FIGURE 12b lags behind that of
signal HSRef of FIGURE 12a. A D-type flip-flop 51d of FIGURE 11
is clocked by signal ClkDiv and reset by signal HSRef via a one-
shot multivibrator 51f. Flip-flop 51d generates a given pulse of
signal FPH_DN of FIGURE 12g, when the leading edge of signal
ClkDiv 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 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.
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 signai 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
error correction mode occurs. Flow chart paths 202, 206, 207 and

Sl gnal ﬁiUitEQel’leEﬂ‘ﬁ fab9R RdiBlerhlir 4 pifasr@dtetort han
8 SAOTIRE ! [that i vsed dnt § s Tor cormeation, mods, £t on



I ndi cated by signal 8la being at the FALSE | evel, 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 3 5§ REPIVCEMENT EPN
node occurs. Flow chart paths 202, 206, 207 and v CSHEE?
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208 in the flow chart of FIGURE 5 depict the way the fine phase
S 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
FIGURE 9b. In the fine phase error correction mode, analog signal

10 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.
Similar symbols and numerals in FIGURES 1, 2A-2C, 3-6. 7A, 7B, 8,

15 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
multiplexers 54a and 54b and through gates 54c and 54d to

20 terminals 54ca and 54cb of switches SW3 and SW4, respectively.
Signal FPH_UP, alternatively, FPH_DN is applied to capacitors Cint
and Cext in the following three operation sequence that occurs
during each period of signal ClkDiv of FIGURE 13B.

In the first operation of the aforementioned three

25 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
SW4 would couple negative pulse current 14 to terminal 54f.

30 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
filter that develops in capacitor Cint a voltage proportional to the

35 phase error.
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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 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 indicative of a situation in which signal VCOCV

30 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 of FIGURE 5 depict such situation.

35 Should the phase error be large, resulting in a time
difference between the leading edge of signal HSRef of FIGURE 12a



functions. When signal FPH of FIGURE 7B i s generated,

si gnal FPHUP, alternatively, FPHDN, of FIGURE 10 is _coupled through
mul ti pl exers 54a and 54b and through gates 54c and 54d
54ca and 54cb of- switches SWB and SW4, respectively.

alternatively, FPHPDN is applied to capacitors C nt an Oext
follow ng three operation sequence that occurs durfi gécsl’uub
signal C kDiv of FIGURE 13B. In the fir
aforenentioned three 25  operation seqgence, switch S\
a position HOLD. Shoul d the pul se of signal FPH_UF
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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

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

11 via "OR" gates 5la and 51b for terminating or producing a

10 trailing edge of the then occurring pulse of signal FPH_UP or
FPH_DN. Thus, advantageously, in the fine phase error correction
mode, when detector 51 controls stage 54 of FIGURE 10, detector
51 of FIGURE 11 is prevented from varying the frequency/phase
of signal Clk by an excessive amount in each period of signal

15 ClkDiv.

Signal 81a of FIGURE 7B at the TRUE level that is
indicative of a large phase error is coupled to an input C of an
"AND" gate 90. Signal CONSISTENCY that is indicative of consistent
frequency error from one period H of signal HSRef of FIGURE 9b to

- 20 the immediately next one, as explained before, is coupled to a
second input A of gate 90 of FIGURE 7B. Signal 60a that is
indicative of a small frequency error, when the value of signal
| Nerr| is smaller than 2, is coupled to a third input B of gate 90.
Gate 90 generates a signal CPH_RST when all the three signals,

25 8la, 60a and CONSISTENCY, are generated. Signal CPH_RST is
coupled to a clock input of a D-type flip-flop 91. An output Q of
flip-flop 91 is coupled to an input D of a D-type flip-flop 92 that
produces a pulse signal RST when the leading edge of signal HSRef
occurs following the generation of signal CPH_RST.

30 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
ClkDiv. Thus, signal RST provides a coarse phase error correction
mode of operation. Flow chart paths 210, 211 and 212 in the flow

35 chart of FIGURE 5 depict the way the coarse phase correction
mode is obtained. This mode can occur when, for example, the
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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
detector 51 in a manner that bypasses the signal path of signal
VCOCV. As a result of the abrupt or coarse phase correction, the
phase of signal CikDiv is aligned with that of signal HSRef without
significantly affecting the phase of signal Clk. In this way,
advantageously, transient disturbance in RCVCO 53 is eliminated
or significantly reduced.

Should signal 8la 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

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
may be reduced. Such disturbance mdy be reduced when, for
example, the duration of the interruption in signal HSRef is short.



24 In the second operation of the sequence, a pulse 5
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generator 85 of FIGURE 6 generates a pul se signal CHK of
13c following the trailing edge of signal CkDiv of FIGUJ
signal CHK of FIGURE 6 causes, in a manner not shown,
FIGURE 10 to open and switch SW to couple capaci tor
54f. Thus, capacitors Cint and Cext are 1 O coupled in
Therefore, the charge in capacitor Cext varies in agc

of capacitor Cnt and is determ ned by bhpe measur ed}jphase error.
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this way, charge transfer occurs bet ween capaci t or s TTEXTarmd—€rHt=

In the third operation of the sequence, generator 85 of 1 5 FIGURE 6
generates a pul gHHATIRACLAMMEDISFI GURES 6 and 13d .
5 1. An apparatus for generating an oscillatory signal
that is locked to a synchronizing signal, comprising:
a source of said synchronizing signal at a frequency
that is related to a horizontal scanning frequency;
a controllable oscillator for generating said oscillatory
10 signal; and
a detector responsive to said oscillatory and
synchronizing signals for measuring a cycle related error
therebetween and for generating a signal that is indicative of said
error, said error indicative signal being coupled to said oscillator
15 for varying a cycle of said oscillatory signal when said error
exceeds a first value, the variation of said cycle of said oscillatory
signal and the measurement of said error occurring, alternately, in
non-overlapping periods.

20 2. An apparatus according to Claim 1 wherein said
detector comprises a frequency detector, wherein said cycle
related error is a frequency error and wherein said frequency
error indicative signal varies a frequency of said oscillatory signal.

25 3. An apparatus according to Claim 2 wherein the
variation of said oscillatory signal is prevented from occuring
simultaneously with the measurement of said frequeny error.

4. An apparatus according to Claim 3 wherein the
30 frequency measurement occurs in each of a given pair of
horizontal line periods and wherein the variation of said
oscillatory signal occurs during an interval between said pair

having a length that is equal to an integer multiple of a length of a

horizontal line period.
35
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foll owi ng pul se signal CHK of FIGURE 13c. Pulse INIT causes, in a
nmanner not shown, switch SW of FIGURE 10 to be in positi (r}L HO-D—arrel
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switch SW to be closed. In this way, the initial (o]0 Ttﬁﬂﬁﬂis
mai ntai ned in capacitor Cint the sane as in 20 |larger c itor Cext 1N} |
preparation for the next first operation in the nextf tjhr 2e4 gper % or
sequence the next three operation sequence occurs in tjhe next peri og

of signal C kDiv. Advant ageously, signal CkDiv nmay |s 4

t han, for exanple, 2 ns jitter in fine phase corlrecti on node. 25
Fi ne frequency/phase control signal V of FI GURE 1 is also coUpred
to a conparator 91. A signal OUT- OF- RANGE woul d be generated by

br edet or m ned vol tage ranbe. g GRBMAS aceRitiER RAMEN & THAPERT [ ve of a

situation irb wheommpsisingl méanSMor Goapplltgehhaid appagatut vite at basrses out si de

a | inear Controheﬁﬁ@ﬂ@y Oct,orrection mode when said frequency error exceeds a
second value that is larger than said first value and for controlling
said apparatus in a fine frequency correction mode when said

frequency error exceeds said first value and does not exceed said
10 second value.

6. An apparatus according to Claim 3 further
comprising, a phase detector responsive to said oscillatory and
synchronizing signals for measuring a phase error therebetween

15 to generate a signal that is indicative of said phase error, said
phase error indicative signal being coupled to a control input of
said oscillator for varying a phase of said oscillatory signal when
said frequency error does not exceed said first value, the variation
of said phase of said oscillatory signal and the measurement of

20 said phase error occurring simultaneously.

7. An apparatus according to Claim 3 wherein said
frequency detector comprises, means for measuring a ratio
between a length of a period of said oscillatory signal and a length

25 of a period of said synchronizing signal and for generating a signal
that is indicative of said ratio, and means responsive to a signal
that is indicative of an anticipated ratio between said length of
said period of said oscillatory signal and said length of said period
of said synchronizing signal for generating said frequency error

30 indicative signal in accordance with a difference between said
ratios.

R



operation of RCVCO 53. Wen signal OUT-OF- RANGE is produced, PLL 100

bedi ns operating in the coarse frequency control nbde
expl ai ned before. Flow chart paths 214 and 215 in the
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A PHASE LOCK LOOP WITH ERROR MEASUREMENT AND
CORRECTION IN ALTERNATE PERIODS

ABSTRACT

In a phase-lock-loop circuit a frequency detector
measures a frequency error between an oscillatory signal and a
synchronizing signal in alternate horizontal line periods for
generating a frequency error indicative signal. The frequency
error indicative signal is applied to an oscillator for correcting the
frequency error in other alternate horizontal line periods in a
manner to prevent frequency error measurement and correction
from occurring in the same horizontal line period.
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ar 5 greater than 2 clock periods of signal Ak of FIGJRE 7B, signal _8la
woul d be generated. Signal 8la causes a flip-flop 84 t " 7 e
to generate an output signal PELAT. Signal PELAT is REPLASEMENT SHEET
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15 dkbDiv. Signal 8la of FIGURE 7B at the TRUE | evel
that is i ndi cative of a |arge phase error is coupled Sl C Ol
an "AND' gate 90. Signal CONSI STENCY that is indicatile3EPLAGERMENTS BHPET

frequency error fromone period H of signal HSRef of FIGU
i Indl cgtfgggggqg

I mmedi atel y next one, as explained before, is coupled to
I nput A of gate 90 of FIGURE 7B. Signal 60a that is

smal | frequency error, when the val ue of signal | Nerfr b—es—snmller
than 2, is coupled to a third input B @f{fate 90. Gatle 90 generates a
signal CPH RST when all the three signals, 25 8la, 60a a ;
are generated. Signal CPH RST is cou d to a clock input of a D-type
flip-flop 91. An output Q of flip-fl 91 is coupled to an input D of
a Dtype flip-flop 92 that produces @ pul se signal RST when the
| eadi ng edge of signal HSRef occud®™ flol | owi ng the generation of signal
CPH_RST.
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30 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
provi de an i mredi at e phase | ock between signal s HSRef -
Thus, signal RST provides a coarse phase error correctiprREPLACEMINIe SHEET

operation. Flow chart paths 210, 211 and 212 in the floj B~5. ¢chart..or
FIGURE 5 depict the way the coarse phase correction i n%q e ik ki Ingd.
Thi s node can occur when, for exanple, 3/}1% -"Mt%
REPLACEMENT SHEET
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26 phase of signal HSRef of FIGURE 1 that is produced in a video

tape 5 recorder, changes abruptly, during a vertical retrace interval of

a pl ayback mode. The coarse phase error correctJ_o.n_L-e—-aecvgﬁT d

via a signal path between RCVCO 53 of FIGURE 1 and ﬂhaEELACEMENE of 51

In a manner that bypasses the signal path of signal As esul t

of the abrupt or coarse phase correction, the 1 0 phasle 2 mMgR6CllkDi v i s
ignifi tﬁy affe

aligned with that of signal HSRef vvithow : signifika ctilnd the
phase of signal dk. In this way, \;]efht ageousl y, _‘\
di sturbance in RCVCO 53 is elimnated or signifycantly reduced
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Shoul d signal 8la of FIGURE 7B that is indicative of a 1 5 | arge phase
error be generated and signal CONSI STENCY, that is i ndi cative of a
stabl e sync signal HSRef, not be generated, signal —RSF—wett-e-n
generated and the idle node of operation woul d oct UREPLACEMENH SHEEL At h
213 in the flow chart of FIGURE 5 depicts this wajy [T Wwhich the 14dlle
nmode is obtained. The advantage of 20 operating in the |dleg e199ad
preventing the coarse phase error cgr{ ction when]s|gnal S| STH
of FIGURE 7B i s not generated is th { i st ur bance| ot—t+arst+ert—tn
100 of FIGURE 1 may be reduced. Such disturbance fmy be reduced whef
for exanpl e, the duration of the interruption in stgmar HASRET IS
short. 25
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27 WHAT IS CLAIMED IS: 5 1. An apparatus for
generating an oscillatory signal that is | ocked to.a.synchroni.zi.n

signal, conprising: _ a source of said smhﬁmmmsr{s&%ral
at a frequency that is related to a horizontal schn ;
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a controllable oscillator for generating said oscillatory 1 0 signal; and

a detector responsive to said oscillatory and syng¢h WHA%EM .msi ﬁs
for neasuring a cycle related error t her ebet ween @n gl a
signal that is indicative of said error, said err@r}indicative sipnp
being coupled to said oscillator 1 5 for varying a cy¢l ¢ of 4sHdld 996
oscillatory signal when said error exceeds a firsf vyalkue, the
variation of said cycle of said oscillatory si gnalf and the neasurengnt
of said error occurring, alternately, in non- over "apping.periaods PO
2. An apparatus according to Cler/ wherein said det ector conpri ses
a frequency detector, wherein said J e related error is a frequency

error and wherein said frequency error indicative signal varig€® a
frequency of said oscillatory signal. .
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25 3. An apparatus according to daim 2 wherein the

variation of said oscillatory signal is prevented from ¢t

si frul t aneously with the nmeasurenment of said frequeny erf SAER

66

CFRHOLD
v [ crRL40)

4. An apparatus according to Claim3 wherein the 30 frec uency measur e
occurs in each of a given pair of horizontal line pefi o2i4 pid 199¢r pi
the variation of said oscillatory Sﬁﬂl{? occurs durfing an interval
bet ween said pair having a length t i s equal tojtarmrTTreger ot
of a length of a hori zontal l|ine period. 35
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5. An apparatus according to Claim3 further

means for controlling said apparatus in a coarsg¢

correction node when said frequency error exceeds a
is larger than said first value and for controlling
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said apparatus in a fine frequency correction node when sai r 2] ~—1
error exceeds said first value and does not exceed said 1 O-SQEBH%kggﬁEeghﬁT !
6. An apparatus according to Claim3 further conpri sing, Ja phase g
{
§
{
J

detector responsive to said oscillatory and synchroni zijng s2 4rélils 1998
nmeasuring a phase error therebetween 15 to generate a signal {that is

I ndi cative of said phase error, said phase error indicative Srgnat
bei ng coupled to a control input of said oscillator fof.xarying a
phase of said oscillatory signal when 0/16 sai d frequency error does not
exceed said first value, the variatiox / of said phase okssaid
oscillatory signal and the neasurenent of 20 sai d phase eBor occurring

si mul t aneousl y. 7. An apparatus accordinggo Caim3
wherein said ﬁg
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freduency detector conprises, nmeans for neasuring a rati Y
kength of a period of said oscillatory signal and a | eng rﬁffy‘cg@%ﬁﬁgﬂéﬁ d

of said synchronizing signal and for generating a signal that is
i ndicative of said ratio, and means responsive to a signpl|{ 24 JJhat996s
I ndicative of an anticipated ratio between said | ength sai d perijod
of said oscillatory signal and said length of said perio o1 _sai d
synchroni zing signal for generating said frequency errorl 3 0 indicative
signal in accordance with a difference between said rati os.
11/16

0 00000 0000 0000 0000 0000 000G 0000 0000 QO00Q

1 00001 0000 0000 0000 0000 0000 0000 QGO0 0001

2 00010 0000 0000 0000 0000 0000 0000 0000 Q011

3 00011 0000 0000 0000 0000 0000 0000 0000 0111

4 00100 0000 0000 0000 0000 0000 Q00O 0000 1111

5 00101 0000 0000 00OC QOO0 0000 0000 0001 111t

6 00110 0000 0000 0000 0000 0000 0000 Q011 1111

7 00111 0000 0000 0000 Q000 0000 0000 O111 1111

8 01000 0000 0000 0000 0000 0000 0000 1111 1111

9 01001 0000 0000 0000 0000 0000 0001 1111 1111

10 01010 0000 0000 0000 0000 0000 0011 1111 1111

1 01011 0000 0000 0000 0000 0000 O111 1111 1111

12 01100 0000 0000 0000 0000 0000 1111 1111 1114

13 01101 0000 0000 0000 0000 0001 1111 1111 1111
14 01110 0000 0000 0000 QOO OO11 1111 1111 1114
15 01111 0000 0000 0000 0000 O111 1111 1111 1111
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 1N
19 10011 0000 0000 0000 O111 1111 1111 1111 1111
20 10100 0000 0000 0000 1111 1111 1111 1111 1114
21 10101 0000 0000 Q001 1111 111 1111 1111 111
22 10110 0000 0000 0011 1111 1111 1111 1111 1111
23 10111 0000 0000 O111 1111 1111 1111 1111 1119
24 11000 0000 0000 1111 111 1111 1111 1111 1111
25 11001 0000 0001 1111 111 1M1 111 1111 1N
26 11010 0000 0011 1111 1111 1111 i1 1111 1
27 11011 0000 o011 1111 1111 1111 111 1111 1N
28 11100 0000 111 111t 111 1111 1111 1M1 111
29 11101 goot 1111 111 1 1M1 1N 1111 1N
30 1110 0011 1111 111 1111 111 111 1t 1
31 1M o 11 111 11t 1 1 1111 1N

CFRL{4:0) CF{31:28) CF(23:28) CF{15:12) CF(T4)
' CF(2r:24) CF(19:16) CH{11:8) CF3:0)
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