TUNI NG SYSTEM FOR A DI G TAL SATELLI TE RECEI VER W TH FI NE TUNING PROVI SI ONS
The invention concerns a tuning systemfor a satellite 5“

especi al |y one capabl e of receiving and processing tele

transmitted in digital form Satellite television receiving systens ual l'y
conprise an "outdoor unit" including a dish-like receiving antenna and a
"bl ock” converter, and an "indoor unit" including a tuner and a 10 signal
processi ng section. The bl ock converter converts the entire range ("bl ock™")
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receiver. In newer satel mt@ tevitional sateliR@btelovigibrradinisS§ion] oper at ed
by the Hughes Corp atcievmon i orIn%ruI(])'na is transmitted in analog form and
15 the RF signals transmitted by the satellite are in the C (e.g., 3.7 to
4.2 GHz) and Ku (e.g., 11.7 to 14.2 GHz) bands. The RF signal
received from the satellite by the antenna of the receiving system
are converted by the block converter to the L band (e.g., 900 to
2000 MHz). An RF filter section of the tuner of the indoor unit
20 selects the one of the RF signals received from the block converter
corresponding to the selected channel, and a mixer/local oscillator
section of the tuner converts the selected RF signal to a lower,
intermediate frequency (IF) range for filtering and demodulation.
‘Typically, the IF frequency range has a nominal center frequency
25 of 479.5 MHz. Analog satellite television systems typically
employ FM modulation, and a baseband video signal is readily
obtained from the 479.5 MHz IF signal by an FM demodulator
after filtering by an IF filter. A relatively simple surface acoustic
wave (SAW) device can provide adequate filtering in an analog
30 satellite television receiver.
In newer satellite television systems, such as the
DirecTv™ operated by the Hughes Corporation of California,
television information is transinitted in digital form. The RF
signals are transmitted by the satellite in the Ku band, and are
35 converted by the block converter to the L band. The frequency
range of the RF signals transmitted by the satellite is somewhat




television information is transmtted in digital form The RF signals are
tranSmtted by the satellite in the Ku band, and are 35 converted by the

bl ock converter to the L band. The frequency range of the RF signals
transmtted by the satellite is somewhat 2 smaller (e.g., between 12.2
and 12.7 GHz) than that for the analog satellite television system  and the
frequency range of RF signals produced by the bl ock converter is
accordingly sonewhat smaller (e.g., betéﬁeen 950 and 1450 MHz). 5
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system of the dRIfIrEymbo interference” caused by bandwidth limitations.
However, the symbol shaping function cannot readily be
performed at ‘relatively high IF frequencies, such as at the 479.5
15 MHz IF frequency employed in an analog satellite television
receiver, especially when the IF filter comprises a SAW device.
As a result, a relatively expensive separate digital filter is
required. It is possible to employ a second conversion stage to
convert a relatively high frequency (e.g., 479.5 MHz) first IF signal
20 to a second, lower frequency (e.g., less than 100 MHz) IF signal
prior to IF filtering. However, the second conversion stage adds
undesirable cost to the receiver.
It is also desirable that the tuning system of the digital
satellite television receiver be capable of being constructed
25 utilizing components which are already commercially available
and therefore relatively inexpensive. Specifically, in this regard it
is desirable that the tuning system be capable of being
constructed utilizing a commercially available integrated circuit
(IC) which incorporates a phase locked loop (PLL) for controlling
30 the frequency of the local oscillator. Since a large number of
tuner PLL ICs for conventional television receivers which receive
and process conventional terrestrial broadcast and cable television
signals are already widely available, it is particularly desirable
that the tuning system of a digital satellite television receiver be

35 capable of being constructed utilizing such a conventional tuner
PLL IC.




satellite television receiver be capable of being constructed 25 utilizing
conponents which are already commercially available and therefore

rel atively inexpensive. Specifically, inthis regard it is desirable that
the tuni ng system be capabl e of being constructed utilizing a cormmercially
avai labl e integrated circuit (1 C which incorporates a phase | ocked | oop
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A single conversion tuning system for a digital satellite
television receiver of the type just described performs very
satisfactorily under most operating conditions. However, the
present inventors have discovered that due to the characteristics

20 of the block converter of the outdoor unit, the nature of the digital
signal demodulation process, and certain limitations of the
terrestrial broadcast and cable PLL tuning control IC, the
reproduced image may be occasionally interrupted.

More specifically, the conversion stage of the block

25 converter of the outdoor unit usually includes a local oscillator
which is not stabilized against variations of temperature and age.
The result is that the frequency of the local oscillator signal of the
block converter changes, causing a corresponding change of the
frequencies of the carrier signals of the RF signals received by the

30 tuner of the indoor unit. As a consequence, the frequency of the
IF signal produced by the tuner also changes from its nominal
value. If the frequency of the IF signal changes too far from its
nominal value, the digital signals modulated on the IF signal
cannot be properly demodulated and the information they

35 represent cannot be properly reconstructed. To overcome this
problem, the frequency of the local oscillator of the tuner of the
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under nost operating conditions. However, the present inventors have
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Accordingly, the use of such a conventional terrestrial tuning
15 control PLL IC in a digital satellite television receiver may result
in the interruption of the video and audio responses.
In accordance with an aspect of the invention, in a
preferred embodiment of the invention, in which the tuner of a
digital satellite television receiver comprises a single conversion
20 stage utilizing a conventional terrestrial tuning control PLL IC for
controlling the local oscillator frequency, the speed at which the
PLL arrangement controls the frequency of the local oscillator
signal is reduced during a fine tuning mode. This enables the
digital data demodulator to more readily track the frequency
25 changes of the IF signal during the fine tuning mode, and thereby
reduces the possibility of interruptions of the video and audio
responses.
This and other aspects of the invention will be
described in detail with reference to the accompanying Drawings.
30 In the Drawing:
Figure 1 is a block diagram of a digital satellite
television receiver including a tuning system which is constructed
in accordance with an aspect of the invention;
Figure 2 includes a block diagram of a phase locked
35 loop tuning control integrated circuit used in the tuning system
shown in Figure 1 and a schematic diagram of a circuit




the fine tuning operation. However, if the frequency of the | ocal
oscillator signal is changed in steps which are too |large, the operation of
the digital denodul ator may not be able to follow the changes and the
digital signals nmay not be properly denodul ated 10 during the fine tuning
operation. Unfortunately, PLL ICs conventionally enployed in terrestrial
broadcast and cabl e tuning systens typically provide for changes of the
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15 The invention will be described with reference to a
digital satellite television system in which television information
is transmitted in encoded and compressed form in accordance
with a predetermined digital compression standard, such as MPEG.,
MPEG is an international standard for the coded representation of

20 moving picture and associated audio information developed by
the Motion Pictures Expert Group. The DirecTv™ satellite
television transmission system operated by the Hughes
Corporation of California is such a digital satellite television
transmission system. _

25 In the transmitter, the television information is
digitized, compressed and organized into a series or stream of data
packets corresponding to respective video and audio portions of
the television information. The digital data is modulated on to a
RF carrier signal in what is known as QPSK (Quaternary Phase

30 Shift Keying) modulation and the RF signal is transmitted to a
satellite in earth orbit, from which it is retransmitted back to the
earth. In QPSK modulation, the phases of two quadrature phase
signals, I and Q, are controlled in response to the bits of respective
digital data streams. For example, the phase is set to O degrees (°)

35 in response to a low logic level ("0"), and the phase is set to 180 °
in response to a high logic level ("1"). The phase shift modulated I




5 inplementation of a controllable phase | ocked loop filter which is
constructed in accordance with another aspect of the invention; Figure 3 is
a flow chart of a mcroprocessor control programfor the tuning system
shown in Figure 1 in accordance 5 with another aspect of the invention;
Figure 4 is a block diagramof a digital data denodul ator for use in the
satellite receiver shown in Figure 1 and useful in understanding a problem
solved in accordance with an aspect of the invention; and 10
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programs simultaneously. Each program corresponds to groups of
video and audio packets which are identified by a unique header
appended to the packets which identifies the program.
15 Accordingly, to view a program, both the corresponding RF signal
and the corresponding packets need to be selected.

In the digital satellite television receiver shown in
Figure 1, RF signals modulated with digital signals representing
video and audio information which have been transmitted by a

20 satellite (not shown) are received by a dish-like antenna 1. The
relatively high frequency received RF signals (e.g., in the Ku
frequency range between 12.2 and 12.7 GHz) are converted by a -
block converter 3, including a RF amplifier 3-1, a mixer 3-3 and
an oscillator 3-5, to relatively lower frequency RF signals (e.g., in

25 the L band between 950 and 1450 MHz). Amplifier 3-1 is a “low
noise" amplifier and therefore block converter 3 is often referred
to by the initials "LNB" for "low noise block converter". Antenna 1
and LNB 3 are included in a so called "outdoor unit" 5 of the
receiving system. The remaining portion of the receiver is

30 included in a so called "indoor unit" 7.

Indoor unit 7 includes a tuning system 9 for selecting
the RF signal which contains the packets for the desired program
from the plurality of RF signals received from outdoor unit 5 and
for converting the selected RF signal to a corresponding lower,

35 intermediate frequency (IF) signal. The present invention is



the television information. The digital data is nodulated on to a RF
carrier signal in what -is known as QPSK (Quaternary Phase 30 Shift Keying)
nodul ation and the RF signal is transmtted to a satellite in earth orbit,
from-which it is retransmtted back to the earth. In QPSK nodul ation, the
phases of two quadrature phase signals, | and Q are controlled in response
to the bits of respective digital data streans. For exanple, the phase is
set to O degrees [err] 35 in response to,a low logic level ("0"), and the
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generated in the transmitter. A decoder 13 organizes the bits of
the IP and QP signals into data blocks, corrects transmission errors

15 in the data blocks based on error codes which have been
embedded in the transmitted data at the transmitter, and
reproduces the transmitted MPEG video and audio packets. The
video and audio packets are routed by a transport unit 15 to
respective video and audio sections of a data processing unit 17

20 where they are decompressed and converted to respective analog
signals. A microprocessor 19 controls the operation of various
sections of indoor unit 7. However, only the control signals
generated and received by microprocessor 19 with which the
invention is directly concerned are indicated in Figure 1.

25 The digital satellite television receiver described so far
is similar to the RCA™ type DSS™ digital satellite system television
receiver commercially available from Thomson Consumer
Electronics, Inc. of Indianapolis, Indiana.

As noted earlier the present invention is concerned

30 with the construction of tuning system 9. Tuning system 9 :
receives the RF signal provided by LNB 3 at an input 901. The RF
input signals are filtered by a wideband filter 903, amplified by
an RF amplifier 905, and filtered by a tunable bandpass filter 907.
Tunable bandpass filter (BPF) 907 selects the desired RF signal

35 and rejects unwanted RF signals. The resultant RF signal is
coupled to a first input of a mixer 909. A local oscillator signal



video and audi o information which have been transmtted by a 20 satellite
(not "shown) are received by a dish-like antenna 1. The relatively high
frequency received RF signals (e.g., in the Ku frequency range between 12.2
and 12.7 GHz) are converted by a block converter 3, including a RF
anplifier 3-1, a mxer 3-3 and an oscillator 3-5, to relatively |ower
frequency RF signals (e.g., in 25 the L band between 950 and 1450 MHz).
Amplifier 3-1 is a "low noise" anpllfler and therefore block converter 3 is
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contain “prescalar” frequency divider 921-1 for dividing the frequency of

the LO signal followed by a programmable frequency divider (+N)

15 921-3. PLL IC 921 also includes an amplifier 921-5, which in
combination with external crystal 923, comprises a reference
frequency oscillator. The output of the reference frequency
oscillator is coupled to the input of a reference frequency divider
(+R) 921-7. The output signals of programmable divider (+N)

20 921-3 and reference divider (+R) 921-7 are coupled to respective
inputs of a phase detector 921-9. The output signal of phase
detector 921-9 is an error signal which represents the frequency
and phase differences between the frequency divided version of
the LO signal produced at the output of programmable divider

25 (+N) 921-3 and the reference signal produced at the output of
reference divider (+R) 921-7. The error signal contains pulses
which have either a relatively positive polarity or a relatively
negative polarity depending on the sense of the phase and
frequency differences between the input signals of phase detector

30 921-9 and a variable duration which depends on the magnitude of -
the phase and frequency differences. The error signal is coupled
to an amplifier 921-11, which together with external filter
network 925, comprises a loop filter 927, for filtering the error
signal to produce a tuning control voltage for LO 911. The tuning

35 control voltage also controls tunable bandpass filter 907. Loop



respective streans of data bits corresponding to the data represented by
the phase shift nodulated | and Q signals generated in the transmtter. A
decoder 13 organizes the bits of the IP and QP signals into data bl ocks,
corrects transmssion errors 1 5 in the data bl ocks based on error codes
whi ch have been enbedded in the transmtted data at the transmtter, and
reproduces the transmtted MPEG vi deo and audi o packets. The video and
audi o packets are routed by a transport9unit 15 to respective video and
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to a second  programmable divider (+N) 921-3. Programmable division factor
N is controlled in response to data generated by microprocessor
15 19 in order to control the LO frequency.

For cost reasons, it is desirable that tuning system 9
have the following three characteristics: (1) comprise only a single
conversion stage prior to the IF filter stage; (2) provide an IF
signal with a low enough frequency to allow a SAW device to be

20 used for so called "digital symbol shaping", as well as normal IF
filtering; and (3) be capable of being constructed utilizing a PLL
tuning control IC conventionally used for broadcast and cable
receivers. Basically, these goals are accomplished by: (1) selecting
an IF center frequency to be in the order of the difference (e.g.,

25 140 MHz) between the highest frequency of the RF signal received
from the block converter (e.g., 1450 MHz) and highest local
oscillator frequency (e.g., in the order of 1300 MHz) available by
utilizing a conventional terrestrial broadcast and cable tuning
control PLL IC; and (2) utilizing a local oscillator signal with a

30 frequency range which is lower than, rather than higher than, the
frequency range of the received RF signals. In the exemplary
tuning system the center frequency of the IF signal is 140 MHz.
However other IF frequencies are possible utilizing the guidelines
set forth above.

35 A relatively low IF center frequency, e.g., in the order
of 140 MHz, allows a single conversion tuner rather than a more



i nput of mxer 909. The output of mxer 909 is anplified by an anplifier
913 and coupled to the input of an IF filter 915 conprising a SAW devi ce.
The output of IF filter 915 is coupled to 5 output 917 of tuning system9.
The frequency of LO 911 is controlled by a phase | ocked | oop (PLL)
arrangenment 919 conprising a PLL integrated circuit (1C 921, an external
frequency reference crystal 923 and an external filter network 925. The
frequency of the LOsignal is 1 0 contrldled by PLL 919 in accordance wth
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whi ch t oget R&Y S&Wh lésgg'e?}ﬁius fshoway in Figure 1. Tt has a center frequency at

140 MHz and a relatively flat passband of about 24 MHz
corresponding to the bandwidth of the received RF signals. A
SAW filter with these characteristics utilizing a lithium tantalate
substrate is described in detail in US patent application serial

20 number 08/467,095 entitled "SAW Filter for a Tuner of a Digital
Satellite Receiver", filed on June 6, 1995 for K. J. Richter, M. A.
Pugel and J. S. Stewart, and which is assigned to the same assignee
as the present application.

In addition, with an IF center frequency of 140 MHz

25 and a RF input frequency range between 950 and 1450 MHz, the
LO frequency range is between 810 and 1310 MHz. The '
810-1310 MHz frequency range of the LO signal permits PLL
tuning control ICs which are conventionally and widely used for
broadcast and cable receivers, and therefore relatively

30 inexpensive, to be used rather than a PLL tuning control IC
especially designed for satellite receivers. Such a broadcast and
cable PLL tuning control IC is the TSA5515T commercially
available form Philips Semiconductors of the Netherlands and
others. The maximum LO frequency available using the

35 TSASS515T and similar ICs is in the order of 1300 MHz, which is
adequate.



network 925, conprises a loop filter 927, for filtering the error signal to
produce a tuning control voltage for LO 911. The tuning 3 5 control voltage
al so controls tunabl e bandpass filter 907. Loop 9 filter 927 is
constructed in accordance with an aspect of the invention and wll be
described in detail below In operation, the frequency of the LO signal is
controlled in response to the tuning voltage until the frequency 5 and
phase of the frequency divided version pf the LO signal produced at the
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the order of th&omhule\rra ue, t{xg ' ﬂéQuencies of carriers of the RF signals
received by tuning system 9 of indoor unit 7 will be at their
15 nominal values. Unfortunately, the frequency of oscillator 3-5 can
change with time and temperature. The frequency offsets of the
oscillator 3-5 with respect to its nominal frequency cause
corresponding offsets of carrier frequencies of the RF signals
received by tuning system 9. To compensate for these frequency
20 offsets, the frequency of the LO 911 of tuning system 9 is changed
under the control of microprocessor 19 in response to frequency
status information received from QPSK demodulator during two
search operations. The flow chart of the control program of
microprocessor 19 for tuning system 9, including the search
25 operations, is shown in Figure 3. |
A first search may occur during an acquisition mode
after a new program is initially selected. When a new program is
selected, microprocessor 19 causes the LO frequency to be set to a
nominal LO frequency corresponding to the nominal RF frequency
30 of the transponder for the new program. Thereafter, the status of .
a LOCK signal generated by QPSK demodulator 11 is monitored.
The LOCK signal indicates whether or not QPSK demodulator 11 is
operating correctly to demodulate the digital data carried by the
IF signal. For example, the LOCK signal has a low logic level when
35 QPSK demodulator 11 is not properly demodulating the digital
data, and the LOCK signal has a high logic level when QPSK



25 140 MHz) between the hi ghest frequency of the RF signal received from

t he bl ock converter (e.g., 1450 MHz) and hi ghest local oscillator frequency
(e.g., in the order of 1300 MHz) available by utilizing a conventional
terrestrial broadcast and cable tuning control PLL IC and (2) utilizing a
| ocal oscillator signal with a 30 frequency range which is | ower than,

rat her than higher than, the frequency range of the received RF signals. In
the exenplary tuning systemthe center Iéequency of the I'F signal is 140
MHz. However other |F frequencies are sible utilizing the guidelines set
forth above. 3%emodulator 11 As proper Veﬂ?ﬂliOdWatﬁlgcéhQ edigitabolatacy If e¢hg. , in
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915 i s shown |ﬁ'§1°ng"d*3“ I °n£§ss<5’5 n® é% L.e., 1
frequency of the carrier of the IF signal is at the nominal IF center
frequency, e.g., 140 MHz in the present embodiment. The -
15 performance of the QPSK demodulator 11 will be degraded and
data errors will occur if the frequency of the IF carrier falls
outside of a predetermined range surrounding the nominal center
frequency. If the FREQUENCY signal indicates that a
predetermined frequency offset has not been exceeded, the
20 frequency of LO 911 is left changed from the initial value .
established during the acquisition mode. However, if the
FREQUENCY signal indicates that a predetermined frequency offset
has been exceeded, the frequency of LO 911 is changed during a
second or “"fine tuning" search operation until the situation is
25 corrected. The present invention is directed to solving a problem

which may occur during the fine tuning mode, as will now be
explained.

Tuning system 9, comprising terrestrial broadcast and

cable PLL IC 921, has been found to perform very satisfactorily

30 under most circumstances. However, terrestrial tuning PLL IC
921 has certain limitations which may result in the temporary
loss of video and/or audio information. The size of the smallest
frequency changes of a local oscillator controlled by a phase
locked loop is related to the value of smallest possible increments

35 of programmable division factor (N) of programmable divider (+N)
and to the frequency of the reference signal of PLL IC 921.



140 MHz and a relatively flat passband of about 24 MHz corresponding to the
bandw dth of the received RF signals. A SAWfilter wth these
characteristics utilizing a lithiumtantal ate substrate is described in
detail in US patent application serial 20 nunber 08/ 467,095 entitled "SAW
Filter for a Tuner of a Digital Satellite Receiver", filed on June 6, 1995
for K J. Richter, M A Pugel and J. S. Stewart, and which is assigned to
t he sane assignee as the present applid&ion. In addition, with an IF
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SRt Eet ko Mo R
appl i cation seandl atnhnbdntaOSI 467,097 entitled "Tuner of a Digi taI Satellite

\lzﬁlcglhvleg 5f Iétl sg on Jun g a'f égdégylasébraﬁggegc&ﬂgeﬁg?é eir?ltecraa% llmctg(é}?on.
The present in Fﬁacéﬁ Wtd% Qq?epFo\ﬁ SXRfifded by a
contr.ol ling LOv&ihﬂc:dmhamglamqumuomnpmdss‘ |foe 4 uriwi(progeamt will, take
some time. However, should the second or fine tuning operation
become necessary during the steady-state mode, the video and/or
15 audio responses of the program presently be viewed may be
interrupted. In accordance with an aspect of the invention, the
possibility of such interruptions is reduced by reducing the "slew
rate" of PLL arrangement 919, i.e., the rate at which the -tuning
voltage is allowed to change amplitude, during the fine tuning
20 operation. More specifically, the response time of loop filter 927
is increased in response to a FINE TUNING control signal generated
by microprocessor 19. The problem to which this solution is
directed will now be described in greater detail with respect to
Figure 4, which shows a block diagram of an 1mplementat10n of
25 QPSK demodulator 11.
As shown in Figure 4, the IF signal produced by IF
SAW filter 915 is coupled to respective first inputs of mixers
1101] and 1101Q. The letters “I" and "Q" signify "in-phase” and
"quadrature”. The output signal of a relatively stable frequency
30 oscillator 1103 is directly coupled to mixer 1101l and indirectly
coupled to mixer 1101Q via a 90 degree (90°) phase shift network
1105. Mixer 11011 produces an "in-phase”, “"near” baseband
(much lower frequency) version (IA) of the IF signal, while mixer
1101Q produces an "quadrature", near baseband version (QA) of
35 the IF signal, which is shifted 90 degrees with respect to the
"in-phase” signal (IA). The letter. "A" signifies “analog"”.




whi ch_wi Il now be described. The carriers of the RF signals transmtted by
the 1 0 satellite and received by antenna 1 have very stable frequencies
which remain at "nom nal" values. Therefore, as long as the frequency of
oscil-lator 3-5 of LNB 3 is stable and rermains at its nom nal value, the
frequencies of carriers of the RF signals received by tuning system9 of
indoor unit 7 will be at their 1 5 nomnal values. Unfortunately, the
frequency of oscillator 3 5 can change jth time and tenperature. The

frequency offsets of th i.llato th res t.to its nom nal
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signal has a hidigitalo gamplesy caresypckyonized “with correspondmg amphtu e
levels of the IA and QA analog signals, i.e., the maximum and

15 minimum sample values correspond to the maximum and
minimum amplitudes of the analog signals. In other words, timing
recovery loop 1109 synchronizes the sampling operation of ADCs
11071 and 1107Q with the IF signal.

The ID and QD signals are also coupled to a "carrier

20 recovery loop" 1111, Carrier recovery loop 1111 demodulates the
phase shifts of the IA and QA analog signals represented digital
sample signals ID and QD so as to form respective pulse signals IP
and QP. The letter "P" signifies "pulse". Each of the IP and QP
pulse signals contain a series of pulses corresponding to data bits.

25 The data bits have either a logic low ("0" ) level or'logic high ("1")
level corresponding to 0° and 180° phase shifts, respectively, of
the I and Q signals of the transmitted QPSK RF carrier. The IP and
IQ signal components are coupled to decoder 13, where the
various data bits are formatted into MPEG data packets.

30 Carrier recovery loop 1111 includes a digital phase
locked loop (PLL) comprising a controlled oscillator 1111-1, a
phase detector 1111-3 and a loop filter 1111-5. Phase detector
1111-3 generates a phase error signal in response to the ID and
QD signals and to the output signal of controlled oscillator 1111-1.

35 The nominal frequency and nominal phase of the output signal of
controlled oscillator 1111-1 corresponds to the nominal frequency



1 2 denodul ator 11 is properly denodulating the digital data. |If the LOCK
signal has the low logic level after the LO frequency has been set to the
nom nal LO frequency for the selected transponder, the frequency of LO 911
i s changed a range 5 surrounding the nom nal LO frequency until the LOCK
signal has the high logic level. The generation of the LOCK signal

I ndi cates the begi nning of a steady-state operating node of tuning system
9. During the steady-state node, a FREQUENCY signal 10 generated by QPSK
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example, due to a LNB derived frequency offset of the selected RF
signal, causes a so called "rotation” of the position of the two-bit
15 demodulated data of the QPSK signal with time. The direction of
rotation is dependent on whether the frequency offset is positive
or negative. As is shown in Figure 4, the data constellation for
QPSK modulation has four points corresponding to the four
possible logic combinations (00, 01, 10 and 11) of the respective
20 two possible logic levels represented by the two possible phase
shift values of the I and Q signals. Phase detector 1111-3
measures the position of the demodulated data relative to the
ideal position in the data constellation. To correct for data
rotation and tilt, the frequency, and thus the phase, of the output
25 signal of controlled oscillator 1111-1 is changed in response to the
output signal of phase detector 1111-3 until the rotation stops
and the tilt is eliminated. At this point, the demodulated data is
reliable and the loop is said to be "locked". A high logic level LOCK
signal is generated to indicate that the data is being reliably
30 demodulated and can be decoded. The LOCK signal is generated
by examining the derivative of the phase error signal to
determine when the change in phase error falls below a
predetermined limit. As noted above, during the acquisition
mode, the LOCK signal is monitored by microprocessor 19 and the
35 frequency of LO 911 is adjusted by microprocessor 19 until the
LOCK signal has a high logic level.




30 under nost circumstances. However, terrestrial tuning PLL I C 921 has
certain limtations which may result in the tenmporary |oss of video and/or
audio information. The size of the smallest frequency changes of a | ocal
oscillator controlled by a phase |ocked loop is related to the val ue of
smal | est possible increnents 35 of programrabl e division factor (N) of
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i nt er?ﬁp??gce 3 E@H\Pg@t@%‘dﬁﬂﬁ t&hggté“}r&ﬁ/‘rr Ossiqgle‘ln’r ?af];?gzlrjrggt
919, i.e., t helﬂ(ﬁéﬁeathe\/\/ﬁreqluehm dffiset nof Wi tIFgsigmal.al othel frequenapge
?rens):oloﬁ]gge ' (rjnl;r gfﬂ# r@(c&é{iﬁe i l@f?@t&&lﬂé@rlﬁhip NmidffpPocdisst 1o aldukes t he
frequency to be adjusted to reduce the frequency offset
durmg the fine tuning mode. The FREQUENCY signal is generated
15 by integrating the phase error detected by phase detector 1111-3.
As noted above, the frequency of the LO signal, and
therefore the frequency of the IF signal, changes in relatively
large frequency steps, e.g. 62:5 kHz, and it may not be possible for
QPSK demodulator 11 to track such relatively large frequency
20 steps. As a result, an interruption of proper demodulation
operation and a loss of video and audio data may occur. The
ability of QPSK demodulator 11 to track the relatively large
frequency changes is a function of the loop bandwidth of carrier
recovery loop 1111, and more specifically the response of loop
25 filter 1111-5. The loop bandwidth of carrier recovery loop 1111
should not be made arbitrarily large so as to decrease its response
time because an increased loop bandwidth would degrade the
signal to noise characteristics of the receiver and therefore the
capability of the receiver to receive low level signals. It is also
30 not desirable to decrease the loop bandwidth of PLL 919 so as to
decrease its response time because a decreased response time
would result in excessively long acquisition times when new
transponder frequencies are selected. As noted above, to reduce
the possibility of the interruption of the demodulation process
35 during the fine tuning operation, the response time of tuning
control PLL 919 is selectively increased to reduce the rate at

of



Is increased in response to a FINE TUNI NG control signal generated by

m croprocessor 19. The problemto which this solution is directed will now
be described in greater detail with respect to Figure 4, which shows a

bl ock di agram of an inplenentation of 25 QPSK denodul ator 11. As shown in
Figure 4, the IF signal produced by IF SAWfilter 915 is coupled to
respective first inputs of mxers 11011 and 1101Q The letters "I" and "Q'
signify "in-phase" and "quadrature". out put signal of a relatively

The
stabl e frequengy. 30.0s¢j | at 103 ] irect|ly, coupled to mxer 011 and
i ndirectly coup 1é:§ fhoe %“J)‘(lé‘% %B%%ffv?ﬁaat%ﬁffe%%rfgg f’fgﬂ?i““aha??efégiﬁ * net wor k
1105. M xer 1dscalloweddacekange duringhtheefine funing eperetiand Thish | ower
frequency) versplétion |vll Glow se Ides&riBé®lin Bédakle M xer 1101Q produces an

Shi Tted 90 degrees vt h Rebent 1Bl fBgle 3. At morepdlati € T o,
"A" signifies tharpersign, of tha rirmét labeled "GOQP JITERr R E'oas| desaribed
Lesioectitvedan_a&dfleré,owﬂpgitfﬂeér 9%7mvm&11ﬁ{ie§1§zﬁ 'i)elrléﬁr?-llawiIuﬁ&Oﬁg, c.
(o 10 AL A i R 008 e e b
digital sanpl €25 includesn filker stageD92§t hyrand a@s seching, t controllatde
frequency and gfiasesie 1925-8 AbkcH! 4Batoisie8’ i NQScARE HetRBER Ninfesdfal t Ne
digital sa ées aﬁfi a_%_ﬁie ﬁhaﬁﬁ gf Fhe digital sanples of the ID and QD
di gi tal S|gﬁ | ¥MPHHLT P‘é A& QA anal og signals. Timng recovery
| oop 1109 includes a 1 Ficssnfiltet |ssage 9251 aansl amplifiern 82431 % pfnPhii € t he
clock signal feys Aeh hhOHitegiaforl 10Nfrk SsptRifivAly, fibq EoRErQhbedypsngil ! ator
'S includes a bipolar transistor Q1 arranged as a common-emitter
amplifier. The base of transistor Q1 is connected to the output of
15 amplifier 921-11 via an IC terminal. The emitter of transistor Q1
is’ connected to signal ground. A load resistor R6 is connected
between the collector of transistor Q1 and a source of a supply
voltage (+VCC). A filter section, including a resistor R1 and
capacitors C1 and C2, is connected in a negative feedback path
20 between the collector of transistor Q1 and the input of amplifier
921-11 via an IC terminal to complete the integrator. The
feedback is negative due to the signal inversion provided by
common-emitter configured transistor QI.
The use of an integrator comprising amplifier 921-11
25 and first filter stage 925-1 connected in a 'negativé feedback
configuration makes PLL 919 a tyi)e IT phase locked loop. A type
II phase locked loop minimizes both the phase and frequency
differences between the frequency divided version of the LO
signal developed at the output of programmable frequency
30 divider (+N) 921-3 and the reference frequency signal developed
at the output of reference frequency divider (+R) 921-7, and
therefore stabilizes both the phase and frequency of the LO 911.
Second filter stage 925-2 includes a double-pole,
double-zero filter section, including resistors R2, R4 and RS and
35 capacitors C3 and C4, and an electronically controlled switch
section comprising field-effect transistor Q2 and relatively low



controlled by a digital phase | ocked | oop (not shown) so that the digital
sanpl’es are synchroni zed with corresponding anplitude levels of the I A and
QA anal og signals, i.e., the nmaxi rum and 15 m ni mrum sanpl e val ues
correspond to the maxi mum and m ni rum anplitudes of the analog signals. In
ot her words, timng recovery |l oop 1109 synchroni zes the sanpling operation
of ADCs 11071 and 1107Q with the IF signal. The ID and QD signals are al so
coupled to a "carrier 20 recovery |loop"18111. Carrier recovery |loop 1111

g_errpflu: ates It h@amba&ﬁsiﬁtjbigksa Oﬁ‘h’éheoﬂdhdi@iﬁf Hate v &anﬁgﬁeaqal {sepr _esen} edI 5
igital sanple sign an S0,,as espective si gnal s
and QP. The | etcfggmﬁﬁa Y é?ﬁﬂoln%) wpmesg't[ﬁEEgr}F&%f SighRa Igﬁnﬁﬁge%%ypul se
signal s cont ai rigreprocessost 19ul Sesondr fikspaedting 925-datin selectivelp The data
bits have eithejongrdlR@ Go! eithér Effectivelf! bPlpasP e lMoabid-péle, | evel

: pa . n

correspondi ng t rr]l_a errl. e If&? espe veP .of the | and Q
signal s of tl%'e ‘foru&ﬁes'ﬁ%rtot g@teb:’gkll?g@rr %’r rg;Iaﬁaaﬁgi’lﬁiﬁ’dﬂﬁ‘ud&oﬂ’ﬁonents
are coupl ed to dbsbderpole,3 dowblerzerohilterr seatiomdnaths tpathr betweemafiret! i nt o
MPEG dat a packeglter Se@ion 925-1 ancﬂ;@!m.rewergpebm&%%heﬂ%m%

a
2 bhase dot ot OVSER 2 35 it 1 b R (RS (Bpgecof BReGEoRorbe BNG 111-5
gener at es a phadBUNE isignadihpsad low legipdevel and tthe ddhductionThangeblof and to
the output sj@nfansitof ri@'ézﬁﬂeﬁ%i bé dnOthe! idvt - impetlancd *ﬁf«{é?gir“%n".
frequency and npm nal ase of the .out gi?cskgnal i%co trolled osci! | ator
1111-1 correspditid fﬁs‘ﬁheglﬁmﬁnfﬁdlre?l?@ﬁg yR# and FRPAGILORY, of the
| F signal and tdmst €braf sbeombfilterl séctiamuSy2 aard effestivelyl blyApassedd QA
anal og signals & t6M&n" transistor Q2 and relatively low value resistor R3. In
the fine tuning mode, the FINE TUNE signal has a high logic level
15 and the conduction channel of transistor Q2 is caused to be in the
high impedance state, or “off": As a result, resistors R2, R4 and RS
and capacitors C3 and C4 of second filter section 925-2 are
connected in the path between first filter section 925-1 and LO
911.
20 The Bode amplitude versus frequency characteristic
for double-zero filter section (R2, R4, RS, C3 and C4) of second
filter stage 925-2 by itself is shown in Figure as characteristic # 1.
Amplitudes levels are indicated in decibels (dB) and the
frequency axis is logarithmic. Characteristic # 1 is seen to contain
2S5 two "poles" P1 and P2 and two "zeros" Z1 and Z2, which occur in
the order: pole Pl, zero Z1, zero Z2 and pole P2 at successively
higher frequencies. Pole P1 is due to resistor R2 and capacitor C4;
zero Z1 is due to resistor R2 and capacitor C3; zero Z2 is due to
resistor R5 and capacitor C4; and pole P2 is due to resistor RS and
30 capacitor C3.
Two Bode amplitude versus frequency characteristics
of the overall loop response of PLL 919 are also shown in Figure 5.
Characteristic # 2 is the loop response when tuning system 9 is
not in the fine tuning mode and loop filter 927 includes only first
35 filter stage 925-1, i.e., the double-pole, double-zero filter section
(R2, R4, R5, C3 and C4) of second filter stage 925-2 is by-passed.



corresponding the ID and QD digital sanple signals. In operation, the phase
shifts of the signals 5 represented by the ID and QD signals can be
reliably determ ned fromthe phase error signal if the phase and frequency
of the IF signal are correct. However, if the phase and frequency of the I A
and QA are incorrect, the detected phase shifts will not be at [err] and
[err], but wll instead be shifted fromthese values. In 1 0O essence, a
phase error causes a "tilt'! of the ' p? ition" of two-bit denodul ated data
W|th respect tg the ideal p03|t|on of e two- b|t data in a so called data
"const el | at i orfcharacteristiGeficd isr fhsy loop regponsg| whep aining system dfbis viad
frequency of f sthe finet tmisg! motie darkF lsopnfilter G2Fs éncladeo frst Iféiter” mtget I on”

of the positi f d d W th
time. The di rﬁfénggg Eh\éodphﬁlel?ae E‘d&‘ﬂ%ﬂ {”% fﬁgﬁ% ?%Ju&{]ﬁegar ecfu
of fset is posi€Bvand Cheghtsegand Ailters S@lﬂév\?ﬂ eoepled i casradgat a
constel | ati of CharaddkistitoduRahapmobdseehodraviapitbt scaterinetapizdong to the four

possi bl e |ogic | patj.ons , ) 40 Spect. 0 two
possi bl e | ogi ca‘?@g‘é}"}%’ ygﬁ? é&u%éd&‘n Ch%% \f/\L"/ou]‘%’oi‘éts|i b%r{eHe 2 g@ 4}10}{? | ues of
the | and Q si@vetlap ¢hdbe G’é@@étﬂﬂsnﬁll 3 neasures the position of the
derodul at ed data rel atlvneémmgemacteqte vl oamiplitédee ¥itids cfepgaedyat | on.

To correct for | n i]t h

of the out put ?tg {2, pP Rl Sehdelsoablioehd il Shche SRekald E% PRase

response tolOhmultipheative gpraduct gfhshe twn eadmdqaﬂlphwmmmqsneoxr éhet i on
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reliable and t ogic _l.evel

signal is generea‘te"tt Fhaliaﬁgqr g{ B lres[uﬂé g’:’ﬁ“é &é” L ?e/n%‘b

denodul at ed andhmntel!tgtmdbdedndme Aopeles |ogneharaetegeher#§tle@ab§cSemm ni ng
the derivati velﬁm&é@ dIhaRe siy éfeo(ms Itwadeg*aﬁvdeaﬁéeﬁm Meéhdrﬂ@teﬁbﬁag# in
phase error fSa le S /{) eze%v & BhEAShHHe ¥ dl callies apé?ecggz{s% of ‘the eslopeuEx'nng the
ach|S|t|on
the negative direction) of characteristic # 3. Pole P1 reduces the
overall loop gain and thereby the overall loop bandwidth.
Without zeros Z1 and Z2, the slope of characteristic # 3 would
cross the 0 dB amplitude level with a slope of greater than 20 dB
20 per decade of frequency, causing the loop to be unstable and
thereby subject to oscillations. Pole P2 occurs incidentally due to
the - circuit topology requiring resistor R5 and capacitor C3.
Nevertheless, pole P2 is advantageous in that it reduces the loop
. gain (i.e., increases the attenuation) for out-of-band signals such
' 25 as the reference frequency signal of PLL 919.

It is seen in Figure 5 that when tuning system 9 is not
in the fine tuning mode (characteristic # 2) the loop bandwidth is
relatively large and therefore the response of PLL 919 is
relatively fast. In contrast, when tuning system 9 is in the fine

30 tuning mode (characteristic # 3) the loop bandwidth is relatively
small and therefore the response of PLL 919 is relatively slow.

In the implementation of second filter stage 925-2
shown in Figure 2, resistor R4 is desirable to isolate the output of
first filter stage 925-1 (at the collector of transistor Q1) from

35 capacitor C4 for the following reasons. Capacitor C4 has a
relatively large capacitance. Without resistor R4 (i.e., if resistor

FP




node, .the LOCK signal is nonitored by m croprocessor 19 and the 3 5
frequency of LO 911 is adjusted by m croprocessor 19 until the LOCK signal
has a high logic |evel. 16 Wthin limts, the carrier recovery |loop 1111
can denodul ate the QPSK data even when the frequency of the IF signal, and
therefore the frequency of the A and QA signals, is incorrect or offset.
However, if the frequency offset is too great, a 5 portion of the frequency
spectrumof the IF signal wll faII out ¢de of the passband of SAWfilter
915 due to the _shift of he | E a ative to the center frequency of
SAWfilter 915R4THyEre fen a‘EPé’u?é’ é a’éﬁ?‘a&%ﬁ“’cﬁﬁlqm the serighaconnsctiensef rati o

of the recei vecapdeitor @4nghyl, reaistontR3 wowlde bendiveey acvnnectedlth nghint or s a

the frequoncy SPH Z“?“g?“ﬁ‘hﬁt fif s c“"“?“ %Fa%eﬁ%?’refey‘a*e‘%%h%fl finibd *ﬁg' e
predet er mi ned B$ dft thenpequsitione ngh@‘l"!%ﬂf’?é&u@iby tkhipe
adj usted to rsedemsdt bend rtequﬁdes&raﬁljrsmcrdwd mﬁetmluﬁsment ti&mg node. The

bhase det eot or Haygvels VRialFy gl vafe 3o ORY BoIES ing” bRt o 5
therefore the ffirstfiltes S&#get 9851'1: Epgh&ﬂpa@#a'n& and thargby v@lhybllt-ﬁr ge
frequency stepsapécitor &4 Sréiiz sigiifichitlyeincredsinie tﬁesﬁddﬂxﬁt'ﬁaﬁr tleéSK

serooul ator, 1L 10 173ck” g Syl NIRASTHBI baihd Sl
vi deo and add? Cbatta may hscéeslrahlnetthmrpv for cgpsrsdy&munpémmel.d.elay track
the rel atively defoge allondugnthie ﬂiﬁﬁ@@:ﬁngsoﬁetfaﬁ%t t@rbdgfl tdfeer @@ bandwi dth
of carrier recovc(awsdlgg pm%i% lto %ﬁgwngagacsipo%cb4 goalcthrge ?or %%&%Ql?gee)o{ | oop
the tuning voltage generated during the acquisition operation.
Such a delay can be provided by microprocessor 19 under
15 program control, as is indicated in the flow chart shown in Figure
3.
It may be desirable to add a dynamic "speed-up"
circuit 925-3 to first filter stage 925-1 as is shown in Figure 2 to
change the response time of PLL 919 so as to speed up the
20 acquisition operation. Speed-up circuit 925-3 includes push-pull
configured opposite conductivity type bi-polar transistors Q3 and
Q4 and a resistor R7. The commonly connected bases of
transistors Q3 and Q4 are connected to one side of capacitor C1
and the commonly connected emitters are connected via resistor
25 R7 to the other side of capacitor C1. The collectors of transistors
Q3 and Q4 are connected to respective sources of opposite polarity
supply voltages +VCC and -VCC.
Exemplary component values for external filter
network 925 are indicated in the following table.

30 Component Value
resistor Rl 24 X (kiloohms)
capacitor Cl1 4700 pf (picofarads)
capacitor C2 0.1 uf (microfarads)
resistor R6 2K

35 resistor R7 10 K

resistor R2 1 M (megaohms)



25 filter 1111-5. The | oop bandw dth of carrier recovery loop 1111 should
not be nmade arbitrarily large so as to decrease its response time because
an increased | oop bandw dth woul d degrade the signal to noise
characteristics of the receiver and therefore the capability of the
receiver to receive low level signals. It is also 30 not desirable to
decrease the | oop bandw dth of PLL 919 so as to decrease its response tine
because a decreased response time woul 2 tesult in excessively |ong -
acquisition tines when new treapapitodeC3frequenci 07aug sel ected. As noted
above, to reduce the possibiljdyof ge interrupylgn of the denodul ation
process 35 during the fine tuni ng operation, the response time of tuning
control PLL 919 is selectivel5fSiSer ddded to redud® Kne rate at 17 whi ch
the tuning vol tage, and ther efesistot RS5frequency af0Lohthkl, is allowed to

change during the fine tunin gﬂ%gété}igg. Thi s sobggicﬂfmwi Il now be

described in detail. Referrin Fi gure 2, re particularly to 5
the portion of the circuit |abeled "LOOP FILTER 927", as descri bed before,

loop filter 927 incl udesImnyperation, ¥tenlh W iﬂr_eahbm?c cﬂx%lag_enécéiﬂsext ernal

i ' i ncl udes irst filter
fs!tlazggrQEEf ?D;Eéagﬁls%%ﬁ,fp?orl]{ewolttﬁ%pghﬁﬁ Itf%‘?'q%gflgﬁelsﬁ -eﬁéﬂhiﬁ: A% coupl ed
in cascade bet WEEH FiEnat g ganeratpd ianflep corresppngding (largel voltaigesis il ter
st age. _925|- ll 16()1?1_e&6hip%eﬂi 8¢roS® Iredibtarl RALL ?ﬁ%ﬁ%gg g@;g} tggl bériltafi?% ?\t'ssﬁ)g%eo?/b:)i
erosglnglagaasyé cd(l)l%ﬁ%?f- glﬁwéﬁfef—;’kg%gﬁ“?ﬁ%ié% 4 HO8 .'cﬁn"t ?%‘ﬁs:'isg?{?ﬁ"sbfri s
connected to th&NKST eHITest. 1 Thisnnauses angeffective iincrease dnt thenlonp .gafime
em tter of tranfiestcliaraBteristic # 2 is shifted upward) and a consequential

decrease in acquisition time. As PLL 919 nears the desired
15 frequency and the error signal decreases, the "on" transistor is
turned "off". A speed-up circuit similar to speed-up circuit 925-3,
as well as other speed-up circuits, are described in detail in US
patent application serial number 08/504,849, entitled "Fast Acting
Control System", filed on July 20, 1995 for David M. Badger, and
20 assigned to the same assignee as the present application.

While the invention has been described by way of
example in terms of a specific embodiment for a particular
application, it will be appreciated by those skilled in the art that
modifications may be made to suit other applications. For

25 example, the invention is not limited to use in a tuning system for
a satellite receiver and may be employed whenever the step size
of the local oscillator is relatively large with respect to the
tracking capability of the carrier recovery loop. In addition, while
the invention has been described in terms of a receiver in which

30 the response time of the tuning control phase locked loop is
increased during the fine tuning mode to selectively change the
relative response times of the tuning control phase locked loop
and the carrier recovery loop during the fine tuning mode to allow
the carrier recovery loop to track frequency changes of said IR

35 signal due to frequency changes of the local oscillator and thereby
maintain proper demodulation of said IF signal, it is possible to




is connected to signal ground. A load resistor R6 is connected between the
coll éctor of transistor QL and a source of a supply voltage (+VCC). A
filter section, including a resistor RL and capacitors ClL and C2, is
connected in a negative feedback path 20 between the coll ector of
transistor QL and the input of anplifier 921-11 via an ICtermnal to
conplete the integrator. The feedback is negative due to the signal
inversion provided by common-emitter cegnfigured transistor QL. The use of
an integrator Lifi el 92 % 25 and first fllter stage 925-1
connected in a&%!e}g%%e \}Qg 2%855& 8519 (% FBHERieEe VN 10ap durigg dhe)
phase | ocked |68¢. tuAmg/paom p Boyeevieoc knerersiog thmlrespamsebmnb bhahphase and

frequency diffgy ﬁa d c f B
si gnal devel op nﬁ‘ﬂi % s Sclééc?QHSﬁ i Qbﬂki(r&;%de/? %gb& w%ﬁ k§)+|\|)
921- 3 and the % queq 'E%/sl | IPR0BFS Y S%Ft”&l&t of

reference fr@qresoveryiiloppemay +&juse2a- d¢gradal1mlnemfethn endeatmid aadidot h the

phase and f reqrapeisel dubCto@ dddreas R Nthel q | o' 8fe ?érfgr%&éeR%?an 9 R

doubl e- pol e,

I I I t ectio
and 35 capacit ‘%gméﬁﬁ ?rﬂf 'e‘i"g’éPr é%Y*F ‘Hb ast pery described
section corrpnwuthg réspeictl- torﬁesystemamdnshoemﬂbwnd carieri seeboyetyoloop 1 8

val ue resi st or £ demAutan qPSIétﬁbauﬁi 'GE e %exﬁmslog% ged in

response to he FLN rate m,cro rocessor

filter sect}Onapplicable cta sys ° ofifP, Ye"cPff‘Sf CCAYPIYeloeps if OEI y
by- pass the dodunedphitm,g &adneltsl enadulateld Iwiek digital odataReh vdys, RbucH"3 and -
C4), or to inchydgaMe(qifidth@re hfplitliid odfiafon).' t TheS€dd behdt the path
bet ween first ver s . .
modifications are intended to be within the scope of the invention
defined by the following claims.

15



filter section 925-1 and LO 911. Mre specifically, when tuning system?9 is
not i‘n the fine tuning node of operation, the FI NE TUNE signal has a | ow
| ogic | evel and the conduction channel of 1 O transistor @ is caused to be

in the | ow i npedance state, or "on". As a result, rs R2, R4
and R5 and capacitors C3 and C4 of second filter s ﬁ'Em l%!g}a[ﬁ l
effectively by-passed due to "on" transistor Q2 and+re¢aty s "val ue
resistor R3. In the fine tuning node, thg FINE TUNE signal has a high logic
level 1 5 and tdgigpenduction channel of transistor @ is caused to be in
the high i npedance state, or "off": As a result, resistors R2, R4 and R5

and capacitors C3 and C4lef APP¥#tus ifpr eprosessingndigitsl xigmals conodatdted i n
the path between to raxesf of taephaality of I@B%ahi_@f‘%iéd@l@léomgﬁsinrg The

Bode anplitude versus freq haract eci.stic .for, daubl &- z (:)f! er
sectiogp(RZ, R4, R5, C3 gng‘%gﬁp‘gf %gei%ﬁa"% vaifl BiuL ty9§59‘§‘1§)t§dl elf is
shown in Fi gut cagEeEhsigaalssristic # 1. Anplitudes levels are i ndi cat Zdll n
deci bel s (dB) and the fraquaisy eotitfoll ShdsRORckEMdop ERAGGHES] 1is
seen to cf)nt ?’;Ii I8 alit fe p%ei{s"gl?l anqg and. .t Wo ".zgr 0s’ QE&agﬁdl%%éF whi ch
occur in the order. §gl Qf prenesahing 4 local, gsollater sigppk P2 at successivel y
hi gher frequenci es. Pol eapmixer ggleplted toesaidt BF imputirhdc tpaaid docal4; zero Z1 -
i's due to resi &isatllﬂaraﬂgg PRIz idgt)ran@F_ $8h8l éﬁ’o%lggﬁdgv}ig; %fiég 9{%43‘*}%32(1
capaci tor ; s du r S )

Boge anpl i tcﬂld%ad\?)glfésggég%k%ﬁﬁafﬁ%pag?eﬂggﬂ (93 o tﬁsmﬁvgr I&(Orf oop.
response of PLISign8lsare al so shown in Figure 5. Characteristic # 2 is the

I when tuni ngpsyst i ' | uni d | oop
filter 927 inc L}fﬁgﬁ ol %j*ﬁ 19 (0 Habidg'n bEREP SrodBficy Bl 12 SKEadll

r “stage ’e.
doubl e- pol e, dotfhiBE z& RO efregé‘ﬁf'?%nc‘{rﬁ@ﬁpg’ﬂ@,ng?é," said; cgnter) of second
filter stage 9XBequeéncybpf paid dF filter;

15 a digital signal demodulator including a carrier
recovery loop means for demodulating said IF to produce said
digital signals carried by said IF signal; and

means for controlling the operation of said tuning
control phase locked loop in response to at least one control signal

20 generated by said carrier recovery loop which indicates the status
of operation of said carrier recovery loop;

_ said controlling means controlling said tuning control
phase locked loop to (1) establish an initial local oscillator
frequency corresponding to said selected RF signal during an

25 acquisition mode starting when said selected RF signal is initially
selected and ending when said carrier recdvery loop is properly
demodulating said IF signal, and (2) change the local oscillator
frequency from said initial local oscillator frequency to reduce a
frequency offset of said IF signal from said nominal IF frequency

30 during a fine tuning mode;

said controlling means further selectively changing the
relative response times of said tuning control phase locked loop
and said carrier recovery loop during said fine tuning mode to
allow said carrier recovery loop to track frequency changes of said

35 IF signal due to changes of said local oscillator frequency and
thereby maintain the proper demodulation of said IF signal.



19 Characteristic # 3 is the |oop response when tuning. system9.1is i.n the
fine tuning node and loop filter 927 includes first filter staﬁe 925-1 and

t he doubl e-pol e, double-zero filter section (R2, R4, mﬂlﬁwm UM)"M
second filter stage 925-2 coupled in cascade. 5 Char aciRs! I8l ymE s not
been drawn to scale in terns of anplitude with respect to characteristics #

1 and # 2 to avoid an overlap of the characteristics. Recalling that the
overal | anplitude versus frequency chaldcteristic of two stages connected

in cascade results in tie 1Dhéndppapdtus afecited pinodlaiin ¢f whereinso i ndi vi dual
characteristics, or the b L r L udes expressed in
deci bel (dB) |evels, chéﬁgg{rééllyeg}c&c8g%%§dr \(/ai@g{lt ggﬁlg%#t ﬁsecgérggqcf@%

conbi nati on of SteR%rlaEge renoughs duringapaido fing gepiagomadsatactemmposatily # 1
causes an incrignegupf théepripepeddrmodilatonegftsay® KK rspaidl opy $¥id digital

characteristkc e teei st.hC . # .1 C a,decrease of
t he sl ope (i% 9%%1%%2162% @é’é dlié)e@%i.@r}zggt& ?Eagaéét%ijrféf i%ﬂ§s§(y I!"g?% t(él
reduces the ovawigkly lenswghanackntrid hlarge \stemechonges | of the Sregneaaydoh.

Wt hout zeros ddidastalZscill®tos! ope of characteristic # 3 would cross the 0O
dB anplitude level with a slope of greater than 20 dB 20 per decade of
frequency, causing the |loop to be unstable and thereby subject to
oscillations. Pole P2 ockhur Thenappasatusl regitedein slaime lgi whesiein:t opol ogy

requiring registor RS anghig aRECkighalsChavblefrgqadiRies swhikfll Greé Zrbster

2t enuat i on) 1 By he o FreBBRASE endR. uBER, F: Cabbemtionalt BERIEA [ cquency
signal of PLL breadcast jandseable rtekvision Yramsmissipnsi w@edi ng system 9 is not
in the fine tuning node ¢fhhanaaher édittel Phase 1166ked ABop ameuhs!tdbriprises
relatively Targe nd 108ked 168p' Qi SEMES Mtefdted ‘drddit normally

15 employed in a terrestrial broadcast and cable television receiver.

4. The apparatus recited in claim 3, wherein:
said RF input is adapted to receive said RF signal from
a block converter which is capable of offsetting the frequencies of
20 said RF carrier signals from respective nominal frequencies.

5. The apparatus recited in claim 1, wherein:
said RF signals are QPSK modulated with said digital
signals; and
25 said demodulator is a QPSK demodulator.

6. The apparatus recited in claim 1, wherein:
said controlling means increases the response time of
said tuning control phase locked loop during said fine tuning
30 mode.
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relatively fast. In contrast, when tuning system9 is_in_.the fine 30 tuning
node- (characteristic # 3) the | oop bandwidth is relatively small and

therefore the response of PLL 919 is relatively sl owsmlmmaﬁl"mE Htation
of second filter stage 925-2 shown in Figure 2, resi lm ble to
i solate the output of first filter stage 925-1 (at thé cbllkctor %of *

transistor QL) from3 5 capacitor ¢4 for the follow ng reasons. Capacitor
C4 has a relatively |arge capacitance. 38thout resistor R4 (i.e., if

resi stor 20 R4 were repl d [ C | n) series
connection of capacitor C4 3?11 _?géalrgf‘%r E"%{e\%‘ogﬁqﬁiﬂ%r‘é}’ Pé}ntonnect ed in
shunt with the output of s#iflr inipg|¢antrad; pheseodorked droep tineludgsisg systemis
in thg a_cquiblsi icoatroliabie Filterswitlichi detetmaney Shﬂ(r)rdsﬁoﬁm"tir?a' hos si'aid\ﬁ_lﬂ g tend
to undesirably re | | NE, wever, relatively hig
val ue resistor t@%gsgﬁg?ég%@gggggiﬁééO%be :gr-hsflt filter stage 925-1 from
capaci tor C43and t her ebysaighrentrelling, smeans, controlsosaid; §ilteri fomt | y

i ncreasi ng the inekdbinigt g rebpehseFUmdIf baid" efihg Eontksl Phiave! dcRe@h
val ued capamtcoir 1 $r It #ax btﬁ desirable to provide for a predeterm ned
time delay bef Pap o ?6%@51? a0 ; Hoing, e ‘operation to begin after the

acquisition node to allow capacitor C4 to charge (or discharge) to the
tuning vol tage gener at ed gdurFiid apperatesltesitdd 9N S1IARHAY] Whersiweh a del ay can
be provided 1b m cropr oces%gr E1?9 un(ile(i 1%&5{ og‘riam cO thgé S is i&gi cated
in the flowkhart .shown PROFIQHFeIRETUqes” Rrst aad aeqong, filler Stagess a0 nani ¢
"speed-up" circuit 925-3said icontrolling tmeany £gatoks-saidisecond hiilter istage gure
2 to change t heor afdeasee the TRspdnsel tinfbl BfS faids tirfing PESHirdlP phlige locked

. loop means during said fine tuning mode.

15 9. The apparatus recited in claim 8, wherein:
said local oscillator is responsive to a tuning control
signal which determines its frequency of oscillation;
said tuning control phase locked loop includes means
for comparing the frequency of oscillation of said local oscillator to
20 a reference value to generate an error signal;
said filter is coupled to said comparing means for
filtering said error signal to produce said tuning control signal for
said local oscillator;
said first and second filter stages are coupled in
25 cascade between said comparing means and said local oscillator;
and
said second filter stage includes a filter section and a
switching section for selectively bypassing and said filter section
of said second filter stage under the control of said controlling
30 means.
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20 acquisition operation. Speed-up circuit 925-3 includes push-pul |
configured opposite conductivity type bi-polar transistors 8 and Q4 and a

resi stor R7. The conmonly connected bases of transi s e )
connected to one side of capacitor ClL and the comon mn&;@@ 9“ Hmt ers
are connected via resistor 25 R7 to the other side ofscC % The

col | ectors of transistors (B and 4 are connected to respective sources of

opposite polarity supply voltages +VCCygnd -VCC. Exenplary conponent vaI ues
for external filter net

r k 5 are i cate oII wi_ng table.
Conponent .Elg Prﬁ{s '68hed i Cfﬂ B Hﬁs) capaC| tor
Cl 4700 pf (pi csaichrcmsgarmg)mansr isczoupled to sa@d 1f1[ter rfpeans

(mcrofarads) {gshat 8 2 K 35 resi stor R7
10 K resistor Ri% ai’ & pﬁ@xer and

megaohns 2 1 ca itaor C3 .
0.27 [err] resistor R3 Said ]ﬁr‘“ élﬁerl%s%ﬁ clpdes,an a & Pifter Seclgon Vhichs: o Rs
470 ohnms 5 5 is coupled in a negativet feedbsck configuratiow wighr aidn oper ati on,

when a large fg ﬁ@*?i y. change occurs, such as when a new transponder
frequency is se ed,” a large error signal is generated and a

correspondi ng | arge voI tage is 10 devel oped across resistor RL. Dependi ng
on t he p9| arity of the chhngéppanstusf far pnecessings digitalr sighalsirmedulated and
SOUrces™ Or  on to ones of a plurality of RF carrier signals, comprising:

10 a RF input for receiving said plurality modulated RF
carrier signals;

a first closed loop means including a local oscillator for
generating a local oscillator signal;

a mixer coupled to said RF input and to said local

15 oscillator for producing an IF signal modulated with digital signals
corresponding to a selected RF signal of said plurality of RF
signals;

an IF filter having a center frequency; said IF signal
having a nominal frequency corresponding to said center

20 frequency of said IF filter;

a digital signal demodulator including a second closed
loop means for demodulating said IF to produce said digital
signals carried by said IF signal; and

means for controlling the operation of said first closed

25 loop means in response to at least one control signal generated by
said second closed loop means which indicates the status of
operation of said second closed loop means;

said controlling means controlling said first closed loop
means to (1) establish an initial local oscillator frequency

30 corresponding to said selected RF signal during an acquisition
mode starting when said selected RF signal is initially selected and
ending when said second closed loop is properly demodulating
said IF signal, (2) maintain said initial local oscillator frequency
during a steady-state mode, and (3) change the local oscillator

35 frequency from said initial local oscillator frequency to reduce a



“sinks" current. This causes an effective increase in-theoop gain (i:e.
characteristic # 2 is shifted upward) and a consequen

acquisition tinme. As PLL 919 nears the desired 15 fre mﬂ &mﬁﬁﬁk ror
signal decreases, the "on" transistor is turned "off" U|t
simlar to speed-up circuit 925-3, as well as other speed up CII‘CUItS are
described in detail in US patent appl | Ealtlon serial nunber 08/504, 849,
entitled "Fast_Acting C? trol Syst led on July 20, 1995 for David M
Badger, and 20fraqugngye @ftsst qfesaid aesn@lné@rassaeﬁencﬁneeénl AFRsIveasyi on.
Wi | e the inveduring dafindbaaningesesddied by way of exanple in terns of a

speci fic enbodi nent for ﬁ{‘ﬁa‘{&fﬂqﬂhﬁécgﬁ%kcﬁmw cbﬁtt@lir{%tﬁufpﬁf ci ated by

those skilled in the art I ons nmay b Sul t her
appl i cations. FHesedJopRamsRES tphelqrmsenth%rﬂemmetnmenpf eid figsse in a
tuni ng system {lesed 168pelehis toeslddwesaianstconyl Elosedmbey afleakie i6 eack he

f | h
2B capablEareie) e Pl I A Ty PR BEE ",
i nventi on has #aidn Qr@é,comklatqrnaﬂ@rﬂw@by ana!éx;@mvéheuprm ch 30 the

response tine @émbhaldtion of sadtIPlsighdsdudin %Wd'ﬁﬂ@ tufiing@iedded during
the fine tuning node to selectively change the relative response tines of

the tuning control phase | ocked | oop and the carrier recovery |oop during
the fine tuhOng node to Bl oWhehappasatuserecitedoiteojaimdd,t wheredsk frequency

changes of said |7 35 signal RFUglgfnﬁlsf flﬁ%eﬁgﬁu&i&waﬁh&h hi dromgt
s pose bl et othal 156 eEBEhE) rtats BsefcEY KeBvipioRy Mactia 7 L0ver
| oop during thbreadeast mndwgcaibbeletelmmertransnuss;ags,ngndhe response time of
the said first closed loop means comprises a phase locked
15 loop tuning control integrated circuit normally employed in a
terrestrial broadcast and cable television receiver.

13. The apparatus recited in claim 11, wherein:

said RF input is adapted to receive said RF signal from

20 a block converter which is capable of offsetting the frequencies of
said RF carrier signals from respective nominal frequencies.

14. The apparatus recited in claim 11, wherein:
said first closed loop means is a phase locked loop; and
25 said second closed loop means is a carrier recovery
loop.

15. The apparatus recited in claim 14, wherein:

said RF signals are QPSK modulated with said digital
30 signals; and _

said demodulator is a QPSK demodulator.

35



tuning control phase locked Ioop is considered preferable, because, as

not ed above, decreasing the response tine of the carrier 5 recovery | oop
may cause a degradation of the video and audi o rfﬂﬁﬂ?ﬁﬂﬂﬂﬂﬂmmﬁdecrease
in the signal to noise performnce of the denodu 4 _ ile the
i nvention has been described with respect to a system which érrpr*oys a
carrier recovery |oop for denodul ati ng QPSK nodul ated carrier, the

invention is also 10 applicable to syst whi ch enpl oy carrier recovery

| oops for denmpdul ating cai®i cFbe rapparatuedregited ioi glaimi ldatwhemimays, such
as QAM (quadrature anpli tsgite fmdL%@ttﬁgn)oopTQS&%sagQ%ﬂagﬁbggﬁgngqe: g\rllmsngr e
I ntended to be pj,Lhi e pRe o e _lnventi.on I n

clains. 15 Z@tg]a‘?}r’r%:ﬂ f?’&ig‘gﬁ?satt%% TEEPONEO A g5y gf’ttél ¢ s&_ﬁa}%op

nodul at ed on t oM6ABS; Mda plurality of RF carrier si gnal's, conprising: a RF
i nput for recgiving said ga[djr‘;lﬁdggdliﬂgdfl‘%gﬁi@cwﬁ&(,?? cstgm |¢fte§|fgpalr Zt i ﬁgt ;nl ng
control phase | ed.logp including.a |local, 0ScCi or, for gene [

| ocal oscill at oﬁ‘%g? g ;tBS -rﬁngPs%gHBF eﬂtclsﬁld(sjj}rat Iﬁioﬁeﬁ‘p%&oﬁir{ﬂe‘_i‘t? slyrimgl ocal
oscillator for gaiddlisentpningimodegnal nodulated with digital signals 1 0
corresponding to a selected RF signal of said plural |hty_ of RF si _gna: S; an
IF filter having a center,fr ency: said |F gignal .having a nom na
frequency correspondi ng t]j's:'?ﬁec tuﬁr@ﬁlféac&‘ S'Lalg‘allé'l‘FhPﬁeM'er;

10 said filter includes first and second filter stages; and

said controlling means controls said second filter stage _

to increase the response time of said first closed loop means

during said fine tuning mode.

15 18. The apparatus recited in claim 17, wherein:
said local oscillator is responsive to a tuning control
signal which determines its frequency of oscillation;
said first closed loop includes a means for comparing
the frequency of oscillation of said local oscillator to a reference
20 value to generate an error signal;
said filter is coupled to said comparing means for
filtering said error signal to produce said tuning control signal for
said local oscillator; _ .
said first and second filter stages are coupled in
25 cascade between said comparing means and said local oscillator;
and
said second filter stage includes a filter section and a
switching section for selectively bypassing said filter section of
said second filter stage under the control of said controlling
30 means.
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15 a digital signal denodul ator including a carrier recovery

| oop® means for denmpdul ating said |F to produce said-digital signals carried

by said IF signal; and neans for controlling the operation of sai dem ng
20

control phase | ocked I oop in response to at |east onﬁwllﬂmjc'wﬁ“ﬂj
generated by said carrier recovery | oop which indica

operation of said carrier recovery |oop; said controlling nmeans controlling
sai d tuning control phase |ocked |oop t29(1) establish an initial |ocal

oscillator frequency cor%®spThei agpdratsaietited act@sinRFi$i Ghateifluri ng an 25

acqui sition node starting; Ld sel Lgnal _i.s injtiall

sel ected and endi ng Wnen%é@?%@%ﬁﬂ%rﬁéﬁ%agr%@%‘g%ss%‘?oﬁﬁﬁ‘ymeaxs
denodul ati ng s¥l& a0Fay Higr: andy (2) change the local oscillator frequency
fromsaid initial |ocal sAdifitsatfiltef rseqee igolues raggn%e gechbaq?may igf f set
of said IF skg f.rom sai 1N ELr ncy.. uri ng. I ne..tuning
node; said C(S)n'? ?{10? \efingﬁ n@a'ge Hirt g%erdbggiceggxﬁﬁ%? u(?ﬂaﬁvdF gsgf‘ﬁea’PBﬁQFF ve
response ti nessﬁfa%é?JOF%iaﬁgllﬁ%ﬁafm phase | ocked loop and said carrier
recovery | oop during saishifli 66mplfinBIniBade Afd ddi@Vamplifics 24rel ShcluBEQVETY

| oop to track E*Fﬁggg%/%rg{%?g%g@u% said 3 5 I F signal due to changes of

said |l ocal osci 1 d thereby maintain the proper
denodul ati on of said | F saidnfilter sectian 2of shid fwstafidtensstage,i said filtec! ai m 1,

wher ei n:  the Of sesi@NOf ShidSskcbld Flterostige! atedlexteingN996Md ] hodraf | ar ge
enough during ??x‘cﬁi{ I.ne tuning node to tenporarily interrupt t proper
denodul ation of 'said |IF signal by said digital 5 denodul ator due to the
inability of said carrier recovery loop to

20. Apparatus for processing digital signals modulated
on to ones of a plurality of RF carrier signals, comprising:

15 a RF input for receiving said plurality modulated RF
carrier signals;

a first closed loop means including a local oscillator for
generating a local oscillator signal; _

a mixer coupled to said RF input and to said local

20 oscillator for producing an IF signal modulated with digital signals
corresponding to a selected RF signal of said plurality of RF
signals;

an IF filter having a center frequency; said IF signal
having a nominal frequency corresponding to said center

25 frequency of said IF filter; '

a digital signal demodulator including a second closed
loop means for demodulating said IF to produce said digital
signals carried by said IF signal; and

means for controlling the operation of said first closed

30 loop means in response to at least one control signal generated by
said second closed loop means which indicates the status of |
operation of said second closed loop means;

said controlling means controlling said first closed loop
means to (1) establish an initial local oscillator frequency

35 corresponding to said selected RF signal during an acquisition
mode starting when said selected RF signal is initially selected and



qui ckly enough track said | arge step changes of the frequency of said | ocal
oscillator. 3. The apparatus recited in claiml1, V\/ner

said RF signals have frequencies which are greater th ![,"}'mln)l m'range
used for conventional terrestrial broadcast and cable €VIISI

transm ssions; and said tuning control phase | ocked | oop neans corrprl ses a

phase | ocked | oop tuning control integrated circuit normally 15 enployed in
a terrestrial broadcast and cable tel3ision receiver. 4. The apparatus

S gnal f 1 om o “g%“fg‘eisgw Seoend closcdlubp 5, BIGICAP detmodiating sald
frequenci es 8’? sHep? 1ngs @’r‘liall‘é&aﬁ)olﬁf’g]e %ﬂf‘l%% f?&‘l’FﬁﬁY
frequenci es. deringhe stppdy-state mede: andi (3)xichanga, thahkxcal rescéldatdr RF si gnal s

are CPSK modpeaiiefiot fromsa ahm qlhﬂiall Aocil %ehpatoarf@ec@é y, to, reduce 52! d

denodul ator, IS a r p in claiml,
wher ei n: sai fFEQYRE Iq ?ﬁj Iﬁc?’ggéggf“?‘ﬁe B8H’§Eaclt ﬁﬁe‘rﬁﬂ“%%ﬁyd t uni ng
control phasdutmgkedflheoplmlglmgds,al d fine tuning 30 node. 35 25 7. The
apparatus recited in cg é&lllao Sﬁieqngqqug cg)rﬁlrsglm | ocked

| oop includes, a c ntrol fl, etermn% he response tinme of
said tuning CEREr I%ﬁﬂpéﬂuPBoB‘ ‘ffnoa gecond responsc dUpR 88Tl i ng

means cont roltharsesiacﬂfﬁﬂst aespomse time during a steady state mode, and a
10 third response time greater than said second response time during
said fine tuning mode.



i ncreasing the response time of said tuning control phase |ocked |oop
during said fine tuning node. 8. The apparatus recited in claim7, wherein:
10 said filter includes first and second filter stages; and
said-controlling nmeans controls said second filter stage to increase the
response tine of sald tuni ng control phase | ocked | oop neans during said
fine tuning node. 9. The apparatus recited in claim8§,
wherein: said | ocal WNQ SYGTENs FORs do PIGIT Ao SATERMITE REFEAVERs gnal
which deternines its frequencYIB¥ BENFE| TENINA: PRAYESIONS ng control " phase

| ocked | oop i ncludes neans for conparrAbsnhstfrequency of oscillation of
said |local oscillator to 20 a reference val ue to generate an error signal;

said filter is coupled tgnSgédh f%r a ulngatg error
signal to prod idt roI oscCI Tl ator;

said first andtlégffﬁiﬂ!‘ *5 SsaPré’ r} bdmt ween said
conpari ng nednsootrol 4€ d92t)cef tbectype avhich mndosnnﬂyamednih fal tindiig St age
.includes a fil n tﬁ@hs e O’ t passi ng
and said fil terrs% glc%flnaof a secon &fi st@a t?r%‘seh hgéigg%f% of
sai d control bi’ nhyg & Mn(ﬁillb.r

wher ei n: said lycedxesPLL (IGU(DZ{(] isoonbrl dag&ableeof whangingi thean
anplifier; a”dfrequency of the LO (911) in relatively large steps. As a result,

10 the operation of a carrier recovery loop (1111) which
demodulates the digitally encoded IF signal produced by the tuner
may be interrupted during a fine tuning mode because the carrier
recovery. loop (1111) may not be able to track frequency changes
of the LO ((911). To reduce such possibility, the integrator filter
15 associated with the PLL IC (921) is modified to decrease the rate
of change of the LO frequency during the fine tuning mode.

Figure '1



said first filter stage includes an a filter section which 5 is coupled in

a negative feedback configuration with said anplifier
signals nodul ated on to ones of a plurality of RF

processing digital
carr.ier signals, conprising:

plurality nodul ated RF carrier signals;
oscillator for generating a | ocal
coupled to said RF input and to said Ioc
signal s
of said plurality of RF signals;

havi ng a nom na

a | ocal

| F sighal
si gnal
frequency;

nmodul ated with digi

said | F signha

10

t al

11. Apparatus for

a RF input for receiving said
a first closed | oop neans incl uding
oscillator signal; a m xer
1 5 oscillator for producing an
éorrespondlng to a selected RF
an IF filter having a center
frequency corresponding to said

center 20 frequency of said IF filter,_a digital |, dul at or
i ncluding a second cl osed | oop neans g | af i I F t@ produce
said digital signals carrled by said |LF<} .-aE; a 1#’é5ntrolllng
t he operation of Saldfll’S“ &R S e td®at |east
one control sign at ed Ry sald b g;se an ich
i ndi cates the stat of per ' d Qp nmeEmns; said
control I'i ng meanp |d EL ga | to (1) establish
an initial |ocal 0& |II uen 3} corr&ponatng to™said selected RF
signal during an tla e st -ng when sald sel ected RF signal is
initially selectnd and endi ng Jwhen [ a1sF= s—properly
denodul ating sai §l | F signag, maiftte osci | | at or
frequency during|a steady- e\ node, 1 oscillator 3
5 frequency fromsaid initi al oscj ce a
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27 frequency offset of said IF signal fromsaid nomnal |F frequency during
a fine tuning node; said controlling neans further controlling said first

cl osed | oop neans to increase the response tine of said first 5 closed | oop
means to allow said second closed | oop neans to track frequency changes of
said IF signal due to frequency changes of said |ocal oscillator and
thereby nmaintain the proper denodul ation of said IF signal during said fine
tuni ng node. 10 12. The apparatus recited in claim 11

wherein: said RF signals have frequenci &/%hich are greater than the
frequency range used for conventional terrestrial broadcast and cable

tel evision transm ssions; and said first closed | oop neans conprises a
phase | ocked 15 | oop tuning control integrated circuit normally enployed in
a terrestrial broadcast and cable tel evision receiver. 13._ The apparatus

recited in claimill _wherein: said RE input is adapted to r e said RF
signal from 20 a b|j ock gonverter which i apabl e of offset he
frequencies of saifd RF garrier signgl$ respective nom fIr equenci es.
14. The appara.tus ecited in claim g Jreid@: eBaid first sed | oop
means is a phgpgg+oched|! oop; Paﬂtd secon ed | oop
nmeans is a carH ergrgcoyery | oop. 215, ] Thedapparatus recitedfig c] a 14,
wherein: said R sTgjal $ are QPSHF d AﬂJh said digit 0l segnal s;
and sai d denmodul atpr is|a QPSK dé%n .
v.ad
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35 28 16. The apparatus recited in claim1l1l, wherein: said first control
| oop Treans includes a controllable filter which determnes the response
time-of said first closed | oop neans; and 5 said controlling
means controls said filter for increasing the response tinme of said first

cl osed | oop neans during said fine tuning node. 17. The apparatus recited
in claiml1l6, wherein: 10 said filter includes first and second
filter stages; and said controlling nmeans controls said second filter stage
to increase the response tine of said fi RS cl osed | oop neans during said
-fine tuning node. 1 5 18. The apparatus recited in claim 17,
wherein: said local oscillator is responsive to a tuning control signal

whi ch determnes its frequency of oscillation; said first closed |oop

i ncludes a nmeans for conparing the frequency of oscillation of said | ocal
oscillator to a reference 20 value to generate an error signal; said filter
is coupled to said conparing neans for filtering said error signal to
produce sai d tunACQYISINON MQUE Sy ocal oscillator; said first
and second filter stages are = scade between said conparing
means and said | ocal oscillator =Cond filter stage includes a
filter section and a swtching sectipn for selectively bypassing said
filter section of

CHANGE LO FREQUENCY TO
NOMINAL LO FREQUENCY FOR
NEW TRANSPONDER FREQUENCY

CHANGELO
FREQUENCY

STEADY -STATE

FINE TUNING MODE

CHANGE LO
FREQUENCY




said second filter stage under the control of said controlling 30 neans. 35
29 19. The apparatus recited in claim 18, wherein: said conparing neans is -»
coupl ed to said filter neans via an anplifier; and said first filter stage 3
includes a filter section which is 5 coupled in a negative feedback
configuration with said anplifier so as to forman integrator; said

conparing neans and said anplifier are included in an integrated circuit;

said filter section of said first filter stage, said filter 1 0 section of
said second filter stage are external to4ss d integrated circuit. 20.
Apparatus for processing digital signals nodulated on to ones of a

plurality of RF carrier signals, conprising: 15 a RF input for
receiving said plurality nodul ated RF carrier signals; a first closed | oop
nmeans including a local oscillator for generating a local oscillator

signal; a mxer coupled to said RF input and to said local 20 oscillator

for prodUC|ng an | F signal igital signals corresponding to

a selected RF signal of sdid plur F signals; an IF filter having a
center frequency; said | om nal frequency correspondi ng

ahity of
Si gnal ving a

to said center 25 frequen of saua I|F filtler;
b
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a digital signal denodul ator including a second closed | oop neans for
denodul ating said |F to produce said digital signals carried by said IF
signal; and neans for controlling the operation of said first closed 30

| oop. means in response to at | east one control signal generated by said
second cl osed | oop nmeans which indicates the status of operation of said
second cl osed | oop neans; said controlling neans controlling said first
closed |l oop neans to (1) establish an initial |ocal oscillator frequency 3
5 corresponding to said sel ected RF signdf3during an acqui sition node
starting when said selected RF signal is initially selected and 30
endi ng when said second closed |oop is properly denodulating said IF
signal, (2) maintain said initial |ocal oscillator frequency during a

st eady- st at e \nAMRLTUDEYOB) 3) change the | ocal oscillator frequency fromsaid
initial locall oscillator frequency to reduce a 5 frequency offset of said
| F signal fregmsaid nomnal |IF frgguency during a fine tuning node; said
first closed]|l oop nmeans having a fiINst response tine during said

acqui sition fgode, a second response NNe greater than said first response
time during § steady state node, and aNO third response tinme greater than
sai d second rjesponse tine during said fi tuni ng node.

CHARACTERISTIC #2
{OVERALL WITHOUT SECOND FILTER)
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CHARACTERISTIC # 1 (SECOND FILTER STAGE ONLY)
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