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TUNE FOR DI G TAL SATELLI TE RECEVI ER The invention concerns
‘a tuner for a satellite receiver, especially ane capabl e of receiving
and processing tglgg&,ﬁ on 5 signal STHIGSSHERT HASI BEEN i gital fperrisesnrsrs
- W REPLACED

TUNER FOR DIGITAL SATELLITE RECEIVER

The invention concerns a tuner for a satellite receiver,

especially one capable of receiving and processing television
5 signals transmitted in digital form.

A satellite television receiving system includes an
"outdoor unit", including a dish-like receiving antenna and a
"block" converter, and an "indoor umit" including a tuner and a
signal processing section. The block converter converts the entire

10 range of relatively high frequency RF signals transmitted by the
satellite to a more manageable, lower range of frequencies.

In a conventional satellite television receiving system
for receiving and processing television information transmitted in
analog form, the RF signals transmitted by the satellite are in the

15 C (3.7 10 4.2 GigaHertz) and Ku (11.7 to 14.2.2 GigaHertz) bands,
and are converted by the block converter to the L band (900 to
2000 MegaHertz) as a "block”. An RF filter section of the tuner of
the indoor unit selects the one of the RF signals provided by the
block converter corresponding to the selected channel and the

20 selected RF signal is again converted by a mixer/local oscillator
section of the tuner to a lower, intermediate frequency (IF) range
for filtering and demodulation. Typically, the IF frequency range
has a center frequency of 479 MegaHertz. Analog satellite
television systems typically employ FM modulation, and a

25 baseband video signal is readily obtained from the 479 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 newer satellite television systems, such as the DSS™

30 (Direct Satellite System) available from Thomson Consumer
Electronics of Indianapolis, Indiana, television information is
transmitted in digital form. RF signals are transmitted by the
satellite in the Ku band, and are converted by the block converter
to the L band. The frequency range of the RF signals transmitted

35 by the satellite is somewhat smaller, e.g., between 12.2 and 12.7
GigaHertz, than that for the analog satellite teievision system, and
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A satellite television receiving systemincludes an "outdoor unit",

I ncluding a dish-1ike receiving antenna and a "bl ock"” converter, and an
"i-ndoor unit" including a tuner and a si gnal processing section. The

bl ock converter converts the entire 10 range of relatively high frequency
RF signal s trawomeseMs by the satel lite to a nore napnageBE7ESIOETE,
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the satellite are in the 15 C (3.7 to 4.2 GgaHertz) and Ku (11.7 to 14.2.2
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t he i accor ngly somewhat smal er, e. g etween b?é‘ nd 1430

MegaHertz. As in the analog satellite television receiving systems,
the RF signal corresponding to the selected channel has to be

5 reduced in frequency to an IF frequency range for filtering and
demodulation. However, the type of filtering ("symbol shaping")
required in digital satellite television receiver, cannot readily be
performed at the relatively high IF frequency (e.g., 479
MegaHertz) employed in an analog satellite television receiver,

10 especially using a SAW device. As a result, a relatively expensive
digital filter will be required for filtering the demodulated digital
signals. Alternatively, the tuner can employ a second conversion
stage to convert the relatively high frequency (e.g., 479
MegaHertz) first IF signal to a second, lower frequency (e.g., less

15 than 100 MegaHertz) signal for filtering. However, the second
conversion stage adds undesirable cost to the receiver.

It is also desirable that the tmner of the digital satellite
television receiver be capable of being constructed utilizing
components which are already commercially available and

20 therefore relatively inexpensive. Specifically, in this regard it is
desirable that the tuner be capable of being constructed utilizing a
commercially available integrated circuit (IC) which incorporates a
phase locked loop (PLL) for controlling the frequency of the local
oscillator. Since a large number of tuner PLL ICs for comnventional

25 television receivers which receive and process conventional
broadcast and cable television signals are widely available, it is
particularly desirable that the tuner of the digital satellite
television receiver be capable of being constructed utilizing such a
conventional tuner PLL IC.

30 In accordance with an aspect of the invention, the
tuner of a digital satellite television receiver comprises a single
conversion stage for converting the selected RF signal received
from the block converter of the outdoor umit to an IF signal within
a frequency range which permits the use of a SAW device for

35 "symbol shaping” the IF signal as is required for the transmission
of information in digital form. For the reasons to be described
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Bl ock converter corresponding to the selected channel and the 20 sel ected
RF ‘signal is again converted by a m xer/local oscillator section of the
tuner to a lower, internediate frequency (IF) range for filtering and

- denodul ation. Typically, the |IF frequency range has a ce ok/@irENC

- of 479 MegaHer t %" %gﬂ%g satellite t el evi si on systens tyms{y e?f%l oz
- FM nodul ati on, and a 25 baseband video signal is readily obtained fromthe
479 | F signal by an FM denodul ator after filtering by an IF filter. A
relatively sinpl e surface acoustic wave (SAW device can provide
adequat e filtering. In newer satellite television
systens, such as the DSS[err] 30 (Direct SaBellite Systen) available from

Thomson Consunmer  peldw ©fif [defdif Swith teféicnteP@ ithe dxefiiplagy ehftiodithennof

| nfor rr.m ton s the invention, providing for an IF signal having a center
frequency in the order of 140 MegaHertz (MHz) satisfies these
requirements. However, different IF frequencies are possible,

5 and, according to another aspect of the invention, in general
terms, the IF frequency may be selected to be in the order of the
difference between the highest frequency of the RF signal
received from the block converter (e.g., 1450 MHZ) and highest
local oscillator frequency (1300 MHz) available by utilizing a

10 conventional tuner PLL IC normally utilized in conventional
broadcast and cable television receivers.
Various aspects of the invention will be described in
detail with reference to the accompanying Drawing in which:
Figure 1 is a block diagram of a digital satellite
15 television receiving system including a tuner constructed in
accordance with an aspect of the invention;
Figure 2 is a block diagram of a phase locked loop
tuning control integrated circuit used in the tuner shown in Figure

L;

20 Figure 3 is an idealized amplitude versus frequency
response of a SAW device employed in the tuner shown in Figure
1; and

Figure 4 is graphical representation of certain
characteristics of a SAW device as a function of temperature and
25 frequency which are useful in understanding the selection of the
particular type of SAW device which is desirably utilized in the
tuner shown in Figure 1.
The invention will be described with reference to a
digital satellite television system in which television information
30 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
moving picture and associated audio information developed by
the Motion Pictures Expert Group. The television information is
35 represented by a series or stream of digital signals organized into
packets corresponding to respective video and audio portions of



transmitted in di gital form RF signals are transmtted by the

satetlite in the Ku band, and are converted by the bl ock converter to
the.L band. The frequency range of the RF signals transmtted 35 by the
satellite is sonewhat snaller, e.g., between 12.2 and 12.7 G gaHert z,
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the television information. The digital signals are modulated on a
RF carrier signal in what is known as QPSK (Quaternary Phase
Shift Keying) modulation and the RF signal is transmitted to a
satellite in earth orbit, from which it is retransmitted back to the
5 earth. A satellite typically includes a number of transponders for
receiving and retransmitting respective modulated RF carriers.
The DirecTv™ satellite television transmission system operated by
the Hughes Corporation of California is such a digital satellite
television transmission system.

10 In the digital satellite television receiving system
shown in Figure 1, RF signals modulated with digital signals
representing video and audio information are transmitted by a
satellite (not shown) and received by a dish-like antenna 1. The
relatively high frequency received RF signals (e.g., in the Ku

15 frequency range between 12.2 and 12.7 GigaHertz) are converted
by a block converter 3 to relatively a lower frequency RF signals
(e.g., in the L. band between 950 and 1450 MHz). Block converter
3 includes 2 low noise amplifier and is therefore often referred to
by the initials "LNB". Antenna 1 and LNB 3 are included in a so

20 called "outdoor unit" 5 of the receiving system. The remaining
portion of the receiving system is included in a so called “"indoor
unit" 7.

Indoor unit 7 includes a tuner 9 for selecting the
particular RF signal corresponding to the desired channel from the

25 plurality of RF signals received from outdoor unit 5 and for
converting the selected RF signal to a lower, intermediate
frequency (IF) signal. Tuner 9 is constructed in accordance with
the present invention and will be described in detail below.

A QPSK demodulator 11 demodulates the output signal

30 of tuner 9 to produce two analog, quadrature phase digital signals
(I and Q). A decoder 13 produces a stream of video and audio
packets from the I and Q signals. Decoder 13 includes analog to
digital converters for converting the analog I and Q signals to
respective series of digital samples and an error corrector which-

35 corrects transmission errors based on error codes embed in the
transmitted digital signals. The video and audio packets of the
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2 + the frequency range of RF signals produced by the block converter
| i.s .accordingly sonewhat snaller, e.g., between 950 and 1450 MegaHert z.
!'As in the anal og satellite tel evision receiving systens, pEFusSEoRronal
 correspondi ng tg’qgﬁ'éméﬁl ected channel has to be 5 reduced in frequency to

ran | F frequency range for filtering and denodul ati on. However, the type
of filtering ("synbol shaping") required in digital satellite
tel evision receiver, cannot readily be 5

digital stream produced by decoder 13 are routed by a transport
unit 15 to respective sections of a digital signal processing (DSP)
unit 17.
The digital satellite television receiver described so far
5 is similar to the DSS™ satellite television receiver commercially
available from Thomson Consumer Electronics, Inc. of
Indianapolis, Indiana. The present invention is concerned with
details of the implementation of tuner 9.
Tuner 9 receives the RF signal provided by LNB 3 at
10 an input 901. The RF input signals are filtered by a wideband
filter 203, amplified by an RF amplifier 905, and filtered by a
tunable bandpass filter 907. The resultant RF signal is coupled to
a first input of a mixer 909. A local oscillator signal produced by
. a local oscillator (LO) 911 is coupled to a second input of mixer
15 909. The output of mixer 909 is amplified by an amplifier 912
and coupled to the input of an IF filter 913 comprising a SAW
device. The output of IF filter 913 is coupled to output 915 of -
tuner 9.
The frequency of local oscillator 911 is controlled by a
20 phase locked loop (PLL) 917 comprising an integrated circuit (IC).
The frequency of the LO signal is controlled by the PLL IC in
accordance with data genmerated by a microprocessor 919.
As shown in Figure 2, the PLL IC includes a "prescalar"
frequency divider 917-1 for dividing the frequency of the LO
25 signal followed by a programmable frequency divider (+N) 917-3.
The PLL IC also includes an amplifier 917-5, which in combination
with an external crystal network 917-7, comprises a reference
frequency oscillator. The output of the reference frequency
oscillator is coupled to the input of a reference frequency divider
30 (+R) 917-9. The output signals of programmable divider (+N)
' 917-3 and reference divider (+R) 917-9 are coupled to respective
inputs of a phase detector 917-11. The output signal of phase
detector 917-11 is coupled to an amplifier 917-13, which together
with an external filter metwork 917-15, comprises an integrator
35 for producing a control voltage for LO 911. When the phase
locked loop is locked, the frequency of the LO signal is



performed at the relatively high |F frequency (e.g., 479 MegaHert z)
enployed in an analog satellite television receiver, 10 especially using a
ISAW.device. As a result, a relatively expensive digital filter will be
required for filtering the denodul ated digital signals. Alternatively,
the tuner can WQ®@639748 second conversion stage to conver PCTHP6O7673
relatively high frequency (e.g., 479 MegaHertz) first IF signal to a
second, |lower frequency (e.g., less 15 than 100 MegaHertz) signal for
filtering. However, the second conversi on stage adds undesirabl e cost
to the receiver, It is also desirable that the tuner of the
digital satellite tel evision receiver lg capable of being constructed

utilizing Bféod’!ﬁ heBitéd o’ Qﬁéyfre@mﬁ Clof! tms feretd &e@%@n&o
therefore rel at ' v s:lnil chedvgy Fex:‘cc'ec?rcq&enc?n ditads "G 1! by the

programmable division factor (N) of programmable divider (+N)
917-3. Programmable division factor N is controlled by data
5 generated by microprocessor 919.

As earlier noted, it is desirable that the tuner have the
following three characteristics: (1) incilude only a single conversion
stage; (2) provide an IF signal with a low enough frequency to
allow a SAW device to be used for digital symbol shaping, as well

10 as normal IF filtering; and (3) be capable of being constructed
utilizing a PLL tuning control IC conventionally used for broadcast
and cable receivers. This is accomplished in the present tuner by
selecting the center frequency of the IF signal to be 140 MHz and
controlling the frequency of the LO signal to be 140 MHz below

15 the frequency RF signal for the respective channel (transponder).
As a result, with a frequency range for RF input signal between
950 and 1450 MHz, the frequency range of the LO signal is
between 810 and 1310 MHz. The 140 MHz IF frequency allows a
SAW device with the required characteristics, as will be described

20 below, to be used. The 810-1310 MHz frequency range of the LO
signal permits a PLL tuning control IC conventionally unsed for
broadcast and cable receivers to be used. Such an IC is the
TSA5515T commercially available form Philips Semiconductors
and others. It is noted in this regard that the maximum LO

235 frequency available using the TSAS5515T and similar ICs is in the
order of 1300 MHz, which is adequate.

It will be noted that different IF frequencies are
possible, and, in general terms, the IF frequency may be selected
to be in the order of the difference between the highest frequency

30 of the RF signal received from the LNB and highest local oscillator
frequency available by utilizing a conventional tuner PLL IC
normally utilized in conventional broadcast and cable television
receivers.

Desirably, tunable bandpass filter 907 should remove

35 the image of the desired RF signal which is at a frequency 280
MHz below the frequency of the desired RF signal.



desirabl e that the tuner be capable of being constructed utilizing a
commrercially available integrated circuit (I1C which incorporates a
phase | ocked | oop (PLL) for controlling the frequency of the | ocal

. oscillator.

Since a |l arge nunber of tuner PLL I Cs for conventg@ipssselers

" television receWPIRY B ch recei ve and process conventi onal br oadcast

- and cable television signals are widely available, it is particul arly
desirable that the tuner of the digital satellite tel evi si on receiver
be capabl e of being constructed utilizing such a conventional tuner PLL

IC. 30

I'n accordance with an aspect of the invention, the.

tuner of a digital satellite television receiver conprises a S|ngle

conversion stage for conv éh?@%ﬁ?ﬁff{s?ﬁ%ﬁgﬁ@ﬁ%ﬂ?nﬁ;ﬁ%?H‘ﬁg to from

t he bl ock converter of th

perform what is known as "symbol shapmg to provide a signal
relatively free of intersymbol interference.  Such interference
may be produced due to improper filtering of high frequency
5 energy of the pulse components of digital signals in the

transmitter due to bandwidth limitations. The desired symbol
shaping function may be shared between the transmitter and the
receiver. In the receiver, it is desirable that the IF filter provide
for symbol shaping, as well as the normal IF filtering function, so

10 that a separate digital filter not be required. By way of example,
the IF filter may provide what is known in the digital filter arts as
a "root raised cosine” response. Such a response in shown in
Figure 3. A SAW device may be used to provide symbol shaping
provided that its characteristics are carefully selected.

15 Two properties of a SAW filter are considered
important for application in a tuner of a digital satellite television
receiver. These are: (1) the overall shift or offset of the filter
characteristic (i.e., the shift of the center frequency) with
temperature; and (2) the change of the relative bandwidth (i.e.,

20 the passband width divided by the center frequency).

The most common type of SAW device utilizes lithium
niobate (LiNbOg3) as a substrate. A lithium niobate SAW has a
typical temperature coefficient of -90 ppm/degree C. The present
tuner employs another type of SAW which utilizes lithium

25 tantalate (LiTaOg3) as a substrate. A lithium tantalatc SAW has a
typical temperature coefficient of -23 ppm/degree C. Assuming a
temperature range of -20 to +70 degree C, and a center frequency
of 140 MHz, the following evaluation can be made with regard to
frequency shift with temperature:

30 lithium niobate produces a temperature drift of

140E6x-90E-6x+/-45 = +/-567.0 Hz; and
lithium tantalate produces a temperature drift of
140E6x-23E-6x+/-45 = +/-144.9 Hz.
Assuming that a shift of 500 kHz, which may produce a noise

35 margin degradation of slightly less than 0.1 dB, is undesirable, a

lithium niobate SAW exceeds the 500 kHz goal over the range of
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temperature variation. To use a lithium niobate SAW, the center
frequency would have to be reduced to 123 MHz or lower to
maintain the 500kHz goal. With a lithium tantalate SAW, the
center frequency only has to be 483 MHz or lower.

As to relative bandwidth, the following is noted.
Generally, wider relative bandwidth filters are more difficult to
make, and filters with relative bandwidth in excess of 15 to 18%
require the use of a lithium niobate SAW. Lesser relative
bandwidth requirements allow the use of either type of SAW. A
20 MHz wide filter with a center frequency at 140 MHz has only a
relative bandwidth of 14%. If a 18% relative bandwidth were
required, an IF center frequency of 110 MHz would be required.

Figure 4 graphically summarizes the characteristics
discussed above. Figure 4 shows the frequency regions where a
lithium niobate SAW or a lithium tantalate SAW or both may
satisfy the temperature drift and relative bandwidth
requirements, and the result when both requirements are
considered. As can be seen: an IF frequency below 110 MHz
requires a lithium niobate SAW filter; an IF between 110 MHz and
123 MHz may utilize either a lithium niobate SAW or a lithium
tantalate SAW; an IF between 123 MHz and 483 MHz requires a
lithium tantalate SAW, and a SAW for an IF beyond 483 MHz
cannot satisfy the requirements due to excessive temperature
drift. For a 140 MHBz center frequency, a lithium tantalate SAW
should be used.
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CLAIMS

1. In a digital satellite television receiver for receiving
and processing digital signals modulated on respective ones of a
plurality of RF signals received from an outdoor unit (5) including

5 a satellite receiving antenna (1) and a block converter (3), a tuner
(9) comprising:

an RF input for receiving a plurality RF signals
provided by said block converter (3);

a local oscillator (911) for generating a local oscillator

10 signal;

a mixer (909) having a first input coupled to said RF
input, a second input coupled to said local oscillator (911) and an
output at which an IF signal is produced;

a surface acoustic wave filter (913) coupled to said

15 output of said mixer (909) for filtering said IF signal including
intersymbol shaping; and

a phase locked loop tuning control integrated circuit
for controlling the frequency of said local oscillator (911); said
phase locked loop tuning control integrated circuit being of the

20 type which is normally utilized in conventional terrestrial
broadcast and cable television receivers.

2. The apparatus recited in claim 1, wherein:
the frequency of the IF signal is selected to be in the
25 order of the difference between the highest frequency of said RF
signals received from said block converter (3) and the highest
local oscillator frequency available by utilizing said phase locked
loop turing control integrated circuit.

30 3. The apparatus recited in claim 2, wherein:
said block converter  (3) provides RF signals in a
frequency range in the order of 950 to 1450 MHz and said local
oscillator (911) has a frequency range in the order of 810 to 1310
MHz.
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br oadcast and cabl e tel evision re Vari ous aspects
of the invention will be descri beqﬁlm“ﬁlﬂlmﬂmlmmt h reference to the
acconpanyi ng Drawi ng in which: re 1 is a block diagram
of a digital satellite 15 tel evision receiving systemincluding a tuner
constructed i nWO93%880r dance with an aspect of the inventi oPFETUSINTE73

Figure 2 is a block diagramof a phase | ocked | oop tuni ng control
integrated circuit used in the tuner} gp ERT K 1; 20

Figure 3 is an idealized anplitude versus EPER?@{%CLB{/EEN response of a SAW
device enployed in the tuner shown i%f~Rigure— 1. and

Figure 4 is graphical representation of ceptain

4. The apparatus recited in claim 3, wherein:
said IF signal has a nominal frequency of 140 MHz.

5 5. In a digital satellite television receiver for receiving
and processing digital signals modulated on respective ones of a
plurality of RF signals received from an outdoor unmit including a
microwave satellite receiving antenna (1) and a block converter
(3), apparatus comprising:

10 an RF input for receiving said plurality of RF signals
provided by said block converter (3);
a local oscillator (911) for generating a local oscillator
signal;
a mixer (909) having first input coupled to said RF
15 input, a second input coupled to said local oscillator (911), and an
output at which an IF signal is produced; and
a surface acoustic wave filter (913) coupled to said
output of said mixer (909) for filtering said IF signal; said surface
acoustic wave filter (913) being capable of symbol shaping for
20 reducing intersymbol interference; said surface acoustic wave
filter (913) having a nominal center frequency greater than 110
MHz and significantly less than 479 MHz.

6. The apparatus recited in claim §, wherein:

25 said block converter (3) provides RF signals in a
frequency range in the order of 950 to 1450 MHz and said local
oscillator (911) has a frequency range in the order of 810 to 1310
MHz.

30 7. The apparatus recited in claim 6, wherein:
said nominal frequency of said IF signal is 140 MHz.

8. The apparatus recited in claim 5, wherein:
said local oscillator (911) is included in a phase locked
35 loop (911, 917) for controlling the frequency of said local
oscillator (911).
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characteristics of a SAWdevice as a“m m HI &H Hwerature and 25
frequency which are useful in unders tion of the

‘particul ar type of SAWdevi ce which | s desirably utilized in the t uner
shown in Fi gur ewD 9639745 Tl_gs descrerusheinrar
reference to a digital satellite tje E%Eﬁg&é%ﬁgﬁmin whi ch tel evision
information 30 is transmtted in encdded a esseq formin accordance

with a predeterm ned digital conpression standard, such as MPEG MPEG
is an international standard for the codeéllrepresent ation of novi ng
pi cture and associ ated audi o i nformati on devel oped by the Mdtion

Pi ctures ExPert Gr](c)ug T[]el el-ﬂyé %?Bﬂrdtﬁg %Gﬁéd ?if[?dlﬁm?é wfgﬁent ed by a
Corresponding 1o respecti vasil dhFsanIockd dope, ctyes,e phase iocked loop
tuning control integrated circuit of the type which is normally
5 utilized in conventional terrestrial broadcast and cable television
receivers.
10. - The apparatus recited in claim 9, wherein:
the frequency of the IF signal is selected to be in the
order of the difference between the highest frequency of said RF
10 signals received from said block converter (3) and the highest
local oscillator frequency available by utilizing said phase locked
loop tuning control integrated circuit.

11. The apparatus recited in claim 10, wherein:

15 said block converter (3) provides RF signals in a
frequency range in the order of 950 to 1450 MHz and said local
oscillator (911) has a frequency range in the order of 810 to 1310
MHz.

20 12. The ﬁpparatus recited in claim 11, wherein:
said nominal frequency of said signal is 140 MHz.

13. In a digital satellite television receiver for
receiving and processing digital signals modulated on respective
25 ones of a plurality of RF signa!s received from an outdoor umit (5)
including a satellite receiving antenna (1) and a _block converter
(3), 2 tuner comprising:
an RF input for rece1v1ng a plurality RF signals
provided by said block converter (3);
30 a local oscillator (911) for gemerating a local oscillator
signal; |
a mixer (909) having a first input coupled to said RF
input, a second input coupled to said local oscillator (911) and an
output at which an IF signal is produced;
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a surface acoustic wave filter (913) coupled to said
output of said mixer (909) for filtering said IF signal including
intersymbol! shaping; and

a phase locked loop tuning control integrated circuit
for controlling the frequency of said local oscillator (911); said
phase locked loop tuning control integrated circuit being of the
type which is normally utilized in conventional terrestrial
broadcast and cable television receivers;

the frequency of the IF signal being selected to be in
the order of the difference between the highest frequency of the
RF signal received from the block converter (3) and highest local
oscillator frequency available by utilizing said phase locked loop

. tuning control IC.

15

20

14. The apparatus recited in claim 13, wherein:

said block converter (3) provides RF signals in a
frequency range in the order of 950 to 1450 MHz and said local
oscillator (911) has a frequency range in the order of 810 to 1310
MHz.

15. The apparatus recited in claim 14, wherein:
said nominal frequency of said signal is 140 MHz.
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4° the television information. The digital signals are nodul ated on a
RF carrier signal in what is known .as QPSK (Quaternary Phase Shi ft

‘Keyi ng) nodul ation and the RF signal is transmtted to a satellite in
earth orbit, froF) is retransmtted back to the 5 ear 0
satellite typlca F& I'n Fudes a nunber Of.Lﬂﬂgﬁgruuuus £or rece|V|ng and

retransmtting respective nodul ated RF c3ar EET HASBEEN ecTv[err]
satellite television transm ssion system|oper aRERLADED the Hughes

v

Corporation of California is such a digital satelTTte tel evi si on
transm ssion system 10 In the dlgltTZ3satellite tel evision
recei ving system shown in Figure 1, RF signa nodul ated with digital
signal s representing video and audio information are transmtted by a
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satellite (not shown) and received by a dish-like antenna 1. The
rel atively high frequency received RF signals (e.g., inthe Ku 15
frequency range between 12.2 and 12.7 G gaHertz) are converted

by a
bl ock converter 3 to relatively a | ower frequency RF signals e 1m3| n
the-L band bet we‘gf?’gg?ﬁﬁnd 1450 MHz). Bl ock converter 3 inc ?r
noi se anplifier and is therefore often referred to by the ini t| als
LNB". Antenna 1 and LNB 3 are |n_cI _uded1 TOISSSH ﬁRAgeﬂEFﬂ out qo_or unit" 5
of the receiving system The remaining p EE[S)f g receiving system
is included in a so called "indoor it I ndoor unit
7 includes a tuner 9 for selecting the particul ar RF signal
corresponding to the desired channel fromthe 25 plurality of RF signals
received fromoutdoor unit 5 and for 2/3
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converting the selected RF signal to a |lower, internedi ate frequency
(I'F)} signal. Tuner 9 is constructed in accordance wth t he present
"invention and will be described in detail bel ow. A QPSK
denodul ator 11 d es the output signal 30 of tuner 9 to
anal'og, quadrature p a?tg digital signals (I and Q. A decogéf'gg%%"é’\‘go
produces a stream of video and audio [THSOQHE{?FF, N he | and Q signals.
Decoder 13 includes analog to digj tal Zgé dr converting the
analog I and Q signals to r espect Hve—se di_gijtal sanples and an
error corrector which 3 5 corrects transm wgnn errors based on error codes
enbed in the transmtted digital signal The video and audi o packets
of the

0 4

| 150;E+08i

-30 |
' 151E:408
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5 . digital stream g
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unff;17 - The digital satellite television receiver described
so f;ar 5 is S|mlar to the DSS[err] satellite television receiver

comercially ‘avai'l abl e from Thonson Consuner El ect r orfRies, apphisatiagiio.

| ndi arNrERNST TONKY, mLﬂﬁmmﬁsmmtwﬁm%mfﬁoncer nestyide /o R | S

of the inplenentation of tuner 9. Tuner 9 receives the RF
signal provided by LNB 3 at 10 an 1 nput 90I. The RF input signals are
filtdrediset the vépeteband filter 203, anplified by an RF anplifier 905, and
filtered by a t unabl e bandpass filter 907. The resultant RF signal is
coupled to a first input of a mxer 909. A local oscillator signal _

pr odue 8tds lpaport hasabeprodrasin up9& Ehie| basti o pf (FerD)cen@dt Ishéebs whioh phve deen duraissad conitk ecrjonig of

m xer §&;i@QP resfdd® 34k PiitaQbn MHhetALeidON b3 BRI &l 1‘3411193{*@%& a@“@@ﬁa’lﬁrhﬂ&“zand are

not annexed to the report simce they do not contain amendments.): !

[ ] the intermational application as originally filed.

{x] the description, pages 2-8 : _ , .8 originally filed,
| pages . - : . filed with the demand,
pages 1, la__ _ o filed with the letter of 22.08.97,
pages - , Eiled with the letter of ,
i:c] the claims, Nos. : ., as originally filed,
' Nos. ' 5 . as'amended under Article 19,
Nos. __ ' ' , filed with the demand,
Nos. 1-4____ ' . filed with the letter of 22.08.97,
Nos. ' , Eiled with the letter of ,
[x] the draw1ngs, sheets/fig | ' : . as originally filed,
sheets/fig | , filed with the demand,
sheets/fig 1/3-3/3 , filed with the letter of 11.07.96,

sheets/fig ____ __, filed with the letter of

2. The amendments have resulted in the cancellation of:
{ ] the description, pages
{ ] the claims, Nos.
[ ] the drawings,  sheets/fig

3. [ } This report has been established as if (sonie of} the amendments had not been made, since they have been
considered to go beyond the disclesure as filed (Rule 70.2(c)): '

4. Additiomal observations, if necessafy:

It is noted that the term "as originally filed" is taken
to include those sheets which were deemed not to have
been filed at the time of the original search, but whiqh

Form PCT/IPEA/409 (sheet 1) (Jamuary 1994).



and coupled to the input of an IF filter 913 conprising a SAW devi ce.
The.output of IF filter 913 is coupled-to output 915 of tuner. 9.

The frequency of |ocal oscillator 911 is controlled by éﬁﬂﬁ'ﬂﬂggﬁmFEéked_

| oop INIHERNATTONAGRRELIMINARY (RXAMINAZION REHORT | C). PCINIUISIGPTSTRy of
the LOsignal is controlled by:-the PLL I1Cin accordance wth data
generated by a m croprocessor 919. As shown in Fi-gure 2, the
PLL | C i ncl udedere giddfsa|asicepted hyt idisc SRTH @& prppuctisn @fi ding t he

e S N LI NG A A P
+N). -3. .he SO0 i.nc es an anplifier -5, ich in

conbi nati on %&q&wt&t%at% UmSIaSH 98 ngOJ,s]Q onpri ses a

ref erence frequency oscillator. The output of the reference frequency

Porn PCT/IPRA/409 (sheet 2) (January 1994)



oseillator is -coupled to the input of a reference frequency di vider 30 (+R
917-9. The output signals of programmabl e divider (+N) 17-3 and

ref erence divider (+R) 917-9 are coupled to respective Interq r?%’ccétl@fma
phas eiNEERNADIORAL - BREL IMENARY PEXAMINATION REPORTE deperyo898A07413i s
coupled to an anplifier 917-13, which together ~ with an external filter

network 917-15, conprises an Nt egrator 35 for produci.ng a control voltage
for LWOReSched Abktewentt ¥nder dhtacle 35(2) tulth)nekaw td nmtyl, Savkmvivk etkp atdhindutriag Lantm:gbﬂmlfy, t he

LO si gQ‘?tlatlbn? and explanations supportmg such statement

1. STATEMENT

Novelty (N} - S  Clains 1-4 YES

Claims __ ' _ N0

Inventive Step (I$) Claims 2-4 ¥8$
' Claims 1 NO

Industrial Applicability (I} Clains 1-4 | 18
' Claims : : 50

2. CITATIONS AND EXPLANATIONS

5 In the following section the patentability of the claims
will be discussed in relation to the prior art available
to the examiner. '

The following documents are mentioned in this pre-.
liminar_‘y report; the numbering will be adhered to in the
rest of the procedure:

D1 US-A-5,325,401 [HALIK et all
D2 GB-A-2,228,383 [KABUSHIKI KAISHA TOSHIBA]

5.1 Claim 1

Claiin_l is not allowable because it lacks an inventive
step, Art. 33 PCT. Using as far as possible the wording
of claim 1 but referring to D1, D1 discloses the follow-
ing: '

Form PCT/IPEA/409 {sheet 3) {January 199¢)
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WO 96/ 39745

6 . proportionally related to the frequency of the re
si gnal produced by reference frequency divider (+R) 917

PCT/ US96/ 07673

IEREN Rt BRNENCY

pr ogrINTERNAT IONALs PRELIMINARY BXANTNANTION RFEPORT di vi dePdT: NS96/07673- 3.
Programmabl e division factor Nis controlled by data

A digital satellite television receiver for receiving:
and processing digital signals modulated on respective
ones of a plurality of RF signals received from an out-
door unit including a satellite receiving antenna (1)
and a block converter (18) , a tuner (170,25) compris-
ing:

an RF input for receiving a plurality of RF signals pro-
vided by said block converter;

a local oscillator (170) for generating a local oscilla-
tor signal (119); ' '

a mixer (25) having a first input coupled to said RF in-
put, a second input coupled to said local oscillator
(170) and an output at which an IF signal is produced;

Whereby the receiver also includes

a phase locked loop tuning control integrated circuit
{(170) . '

The feature that the phase locked tuning control is
"suitable for use in conventional terrestrial broadcast
and cable television receivers" does not itself repre-
sent an inventive step. The person skilled in the art
would alwéYs wish to use devices which were common in
the art, thereby saving costs by using none specialist
devices.

In application as a whole it is not claimed what par-
ticular features contribute to the selection of such a
device being possible.

It is furthermore noted that "intersymbol shaping”
which, from the application as a whole is taken to mean .
the filtering of a signal such that influences from ad-

Form PCT/IDBA/409 (sheet 4) (Jamuary 1994)



V..
5 generated by m croprocessor 919. As earlier noted, it

IS
desi.rable that the tuner have the ' follomﬁng three characterlstlcs (D
i ncl'ude only a single conversion stage; (2) provide &neri.Rpplighiod foni t h a

| ow eﬁmhnhﬁgmcmhmmmw @!m:ﬁﬁ‘ﬁg K R&Boke be Usegcfrgﬁs%gbtyébs

synbol shaping, as well 10 as normal ITF filtering; and e capable of
bei ngTconstructed ut|||2|ng a PLC TUNMAg control rCTonventiomarty used—

for broadcast jacand edbhentsceifvaasa ablﬁotSe@ﬁé@ﬁpthéhﬁéebénthaaﬁéesent
signal to be 140 MHz

tuner by sel.ec he center fre
and controlﬁg é ?%ngfgqﬁ n8§yoﬁlgﬁgagc§§ﬁﬁﬁg|SYEtSE 140 Mz bel ow 15
the frequency RF signal for the respective channel (transponder). As a

result, with a &asqysasxn&ggggeéggrgﬁ bB8PLheSb9NHn RREYEER cne §28 BRIa14°0

VHz the frequenc range o
SA dev1ce as a fllter and 1ntersymbol shaper.

It is always the desire of the person skilled in the art
" to simplify design of a particular circuit or device.

The person skilled in the art would be aware of an
analogbus device in the analogue domain which provided a
- IF signal using only a single intermediate frequency
stage and arriﬁing at a centre frequency which was suit-
able for digital satellite television receivef. Such a
dévice is disclosed in D2.

, Using as far as possible the wording of claim 1 but re-
ferring to D2, D2 discloses the following:

A satellite television receiver for receiving and proc-
essing signals modulated on respective ones of a plural-
ity of RF signals received from an outdoor unit includ-
ing a satellite receiving antenna and a block converter '
(1), a tuner (2) comprising:

an RF input (8) for receiving a plurality of RF signals
provided by said block converter;

a local oscillator (11) for generating a local oscilla-
tor signal; '

a mixer (10) having a firSt'input coupled to said RF in-
put, a second input coupled to said local oscillator
(11) and an output at which an IF signal is produced;

a surface acoustic wave filter (D2 page 6, line 25-page
7 line 1) coupled to said output of said mixer for fil-
‘tering said IF signal.

Form PCT/IPEA/409 (sheet 5) (January 1994)



bet ween 810 and 1310 MHz. The 140 Mz I'F frequency allows a SAW devi ce

with the required characteristics, as will be described 20 below, to be
used “The 810-1310 Mt frequency range of the LO si gmerh. mekicstios i@ PLL

t uni ng,g, gﬁ% ﬂﬂﬁ E&A‘ﬂ%ﬁf qoadcast &R R 78ei vers
to be use ug%&gn I's the gﬁé& connerC|aIIy av iIab/§7f%?

Phi | FpS—Semiconductors angdother st s noted T this—Tregardtiat—tie
maxi nrum LO 25 frequency avallable u5|ng the TSA5515T and S|n1Iar ICS is in
t he order 1300 |%%||s a be
noted that dif PFrFﬁan & art,pyggp&pg t&hﬁlmpﬂlﬁghé

terfis, the |F tiesdganof mhe hdr&ﬁheckﬂdwn friom Da. woulkle intdeduel the
di 1 erence bet uag e 1 es 20 810130 1 Tholle ok s8lgt 8 SeReRYSE from

the LNB and hi 0SCl
step. In so doing the person skilled in‘the art would

therefore arrive at the features of the current claim 1
of the application without having made an inventive
step. Claim 1 does not therefore fulfil the conditions
laid down in Art. 33(3) PCT, since the claim lacks an
inventive step}

5.2 .Claim 2

The examiner considers that taking into account the ar-
gumentation laid down in the application, page 6, lines
12-15, it would seem that the features of claim 2 of the
application enable the circuit claimed in claim 1 to
function. As such it would appear that the subject mat-
ter of claim 2 contains the essential inventive concept
enabling the circuit to wdrk and appears as such to con-
tain subject matter which could'havehlead to an allow-
able independent claim. | '

5.3 Claims 3 and 4
Claims 3 and 4 would have been allowable since claim 2

from which they take dependency is considered to be new
and to involve an inventive step.

.Form PCT/IPEA/409 (sheet §) (January 1994)



frequency available by utilizing a conventional tuner PLL IC normal |y
utilized in conventional broadcast and cable television recei vers.
Desi‘rably, tunable bandpass filter 907 should renpve 3 Jateme appHeagon 6. t he

desi NAFrERNASHORAT, WHEIYTM Sy 3oiAMGHeON ?i&fbonT MHz b@cqwﬁsiy%/fdﬁwncy
of the desired RF 5|gnal

VII. Certain defects in the imternational application

“The following defects in the form or contents of the international application have been noted:

The desdription should be modified in aecordance with
the newly filed claimg, such that it discloses the in-
vention as claimed in accordance with Rule 5.1 (iii).
This may be achieved with a simple statement to the ef-
fect that the invention is defined by the appended
claims. ' '

Porm PCT/IPBA/409 (sheet 7} (January 1994)



_ RCA 87543
PCT/US96/ 07673, WD 96/ 39745 '
I'n a digital transm ssion system it is desirable to e form
"synbol shaping” to provide a signal rel ative

known as ol _
i ntersynbol interference. Such interference may be prqdy

REPLACEMEM SHEET |

“Yﬁb 995S

i nproper filtering of high frequency 5-‘energy of the puljse conponents ot

digital

signals in the transmtter due to bandw dt h | ilvtatiers—Fhe

desi red synbol TUNER FOR DIGITAL SATELLITE RECEIVER

10

15

20

25

30

35

The invention concerns a tuner for a satellite receiver,
especially one capable of receiving and processmg television signals
transmitted in digital form.

A satellite television receiving system includes an "outdoor
unit" including a dish-like receiving antenna and a "block" converter and
an "indoor unit" including a tuner and a signal processing section. The
block converter converts the entire range of relatively high frequency RF
signals transmitted by the satellite to a more manageable, lower range of
frequencies. _
In a conventional satellite television receiving system for
receiving and processing television information transmitted in analog
form, the RF signals transmitted by the satellite are in the C (3.7 to 4.2
GigaHertz) and Ku (11.7 to 14.2.2 GigaHertz) bands, and are converted by
the block converter to the L band (900 to 2000 MegaHertz) as a "block".

‘An RF filter section of the tuner of the indoor unit selects the one of the

RF signals provided by the block converter corresponding to the selected
channel and the selected RF signal is again converted by a mixer/local

oscillator section of the tuner converted to a lower, intermediate

frequency (IF) range for filtering and demodulation. Typically, the IF
frequency range has a center frequency of 479 MegaHertz. Analog
satellite television syStems typically employ FM modulation, and a
baseband video signal is readily obtained from the 479 IF signal by an
FM demodulator after filtering by an IF filter. A relatively simple surface
acoustic wave (SAW) device can provide adequate filtering. Examples of
conventional satellite television receiving systems may be found in

US 5,325,401 by Halik et al. entitled L-BAND TUNER WITH QUADRATURE
DOWNCONVERTER FOR PSK DATA APPLICATIONS, and in GB 2 228 383 by
O. Hideki entitled SERIES CONNECTED BAND SWITCHING FILTERS AND
SATELLITE BROADCAST RECEIVING SYSTEM USING THE SAME.

In newer satellite television systems, such as the DSS™ (Direct
Satellite System) available from Thomson Consumer Electronics of
Indianapolis, Indiana, television information is transmitted in digital |
form. RF signals are transmitted by the satellite in the Ku band. and are
converted by the block converter to the L band. The frequency range of*
the RF Signals transmitted by the satellite is somewhat smaller, c.g..

'- AMENDED SHEET,




shapi ﬁSAf &détdon may be shared between the transmitter and the receiver.
I'n the receiver, it is desirable that the IF filter provide for synbol
shaping, as well as the normal IF filtering function, so 10 that- a .séparate ;
rdigital filter not be required. By way of_ exanple, the IF filiter.,"hay **: ,°
provide what is known in the digital fil4bR arts as = a "root r&isdd =
cosi ne" response. Such a response in shown in Figure 3. A SAWdevice may
be used tobptweemelZ@mantl $RabiGigaHerty,otiadedhathdor ithe ahalopcisatdllitd cs are

careful ly I .ed, Two properties of a SAW filter are
consi der edf@le@fﬁnggr tsiﬁ&r?’oranadppl ication in a tuner of a digital satellite

tel.evi si on receiver. These are: (1) the overall shift or .offset of ‘the
filter characteristic (i.e., the shift of the Mgﬁgmmth
‘tenperature; and (2) the change of the relative, g .

-
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ﬁgsthgg&marggb'?sg | é»f\mwf@é@{ﬂ I i z%ll‘m“mmﬂ"ﬂrmﬂ"bat e (Li qu err] )The

~a Substrate. Aljit h| um ni obat e A\ has *a ¢ ptcel te 6 Fnt :
‘of -90 ppm degrde ! 1 tuner errpl oys anot e l.ch’
‘utilizes lithium 25 ?gfg ate(L,l'laCB) & a substrate.| Al L E%ntal‘te

SAW has a typl Cat tenperat ure goefficient of -23 ppnidegree-C. Assum ng
a tenperature range of -20 to 470 dqUr.agMs and a center frequency of

140 MHz, the fol TowW ng eyal Uation can be nmade with regard to frequency
shift with tenpetiidsd .30 . lithium niobate produces a
tenperature drift ofl. Ina digital satellite161&6isiO0 EretsiverdBor recedngOatll ;
and processing ldléﬂhi’r?léﬁlﬁgah?&ﬁllgfead%ﬁef‘esapecﬁ%e OREY" ¢ dr'pflﬁra(ixty of

5 RF signals received from an outdoor unit (5) inchiding a satellite receiving
antenna (1) and a block converter (3), a tuner (9) comprising:
an RF input for recewmg a plurality of RF signals provided by
said block converter (3);
a local oscillator (911) for generating a local oscillator signal;
10 a mixer (909) having a first input coupled to said RF input, a
second input coupled to said local oscﬂlator (911) and an output at which
an IF signal is produced;
a surface acoustic wave filter (913) coupled to said output of
said mixer (909) for providing filtering of said IF signal including symbol
15 shaping for reducing intersymbol interference; and
. a phase locked loop tuning control integrated circuit for
controlling the frequency of said local oscillator (911); said phase locked
loop tuning control integrated circuit being suitable for use in
conventional terrestrial broadcast and cable television receivers.
20 |
2. The apparatus recited in claim 1, wherein:
the frequency of the IF signal is selected to be .in the order of
the difference between the highest frequency of said RF signals received
from said block converter (3) and the highest local oscillator frequency
25 available by utilizing said phase locked loop tuning control integrated
circuit.

3. The apparatus recited in claim 2, wherein:
_ said block converter (3) provides RF signals in a frequency
30 range in the order of 950 to 1450 MHz and said- local osc111ator (911) has
a frequency range in the order of 810 to 1310 MHz.

4. The apparatus recited in claim 3, wherein said IF signal
has a nominal frequency of 140 MHz. '

This Sheet Has Been RT

L

.r-;'(',-'.':.’\“d"\-.a P PR



140B6X- 23E- 6x+/ - 45 = +/-144.9 Hz. Assun1ng that a shift of 500 khHz,
whi ch may produce a noise 35 margi n degradation of slightly |ess than O. 1

dB, is undesirable, a li t hi um ni obate SAW exceeds the 500 kHz goal over
‘'t he-range of WO 96/ 39745 :
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8*, Y tenperature variation. To use a lithiumniobate SAW the center
frequency woul d have to be reduced to 123 MHz or lower to mai ntain the °.
5Q0kHz goal . Wth a lithiumtantal ate SAW the center frequency only has™’
to be 483 MHz or lower. 5 As to relative bandw dth, the st
follow ng is noted. Generally, wider relative bandwidth filters are nores
difficult to make, and filters with relative bandwidth in excess of 18°%"s
to 18% require the use of a lithiumniobate SAW Lesser relative *
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band{vvl dth requi renents all ow the use of elther type of SAW A 10 20 MHz ---..
vmdefllter wth a center frequency at 140 MHz has only a relative =
bandwi dth of 14% If a 18%relative bandwidth were  required, an IF
center frequency of 110 MHz woul d be required. Figure 4 AL
graphically sumarizes the characteristics di scussed above. .Figure 4 *
shows the frequency regions where a 1 5 I3/t31| um ni obate SAWor a lithium.":%,
tantal ate SAWor bot h -may satisfy the tenperature drift and relative
bandw dt h requ renent s I eaents are .
consi dered. As can : an | F frequency bel ow 110 Mz MRquires a
| i t-hi um ni obat e §?A , an | F between 110 Mz and 20 123 may

utilize either a

bet ween 123 Mz %Bd 483 MHz requires a

-30[ ! L. IT ! T s R S SR ; L
1286408 1.32E+oa| 1.35&03{ 1.395+08| 1.435+oal 1,45503[
LE0B| 1EAE| 1B 140E08| 1MEMB| 14748
13608 TMEQE 136608 14168 145EW8  149E08

FIG.3
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lithiymtantal ate SAW and a SAWfor an IF beyond 483 Mz cannot satisfy
the;feqw rements due to excessive tenperature drift. For a 140 MHz
center frequency alithiumtantal ate SAW25 shoul d be used.

: 2
.the. frequency range of RF signals produced by the block converter
is accordingly somewhat smaller, e.g., between 950 and 1450
MegaHertz. As in the analog satellite television receiving systems,
the RF signal corresponding to the selected channel has to be
5 reduced in frequency to an IF frequency range for filtering and
~demodulation. However, the type of filtering ("symbol shaping")
required in digital satellite television receiver, cannot readily be
performed at the relatively high IF frequency (e.g., 479
MegaHertz) employed in an analog satellite television receiver,
10 especially using a SAW device. As a result, a relatively expensive
digital filter will be required for filtering the demodulated digital
signals. Alternatively, the tuner can employ a second conversion
stage to convert the relatively high frequency (e.g., 479
MegaHertz) first IF signal to a second, lower frequency (e.g., less
15 than 100 MegaHertz) signal for filtering. However, the second
conversion stage adds undesirable cost to the receiver.

It is also desirable that the tuner of the digital satellite
television receiver be capable of being constructed utilizing
components which are already commercially available .and

20 therefore relatively inexpensive. Specifically, in this regard it is
desirable that the tuner be capable of being constructed utilizing a
commercially available integrated circuit (IC) which incorporates a
phase locked loop (PLL) for controlling the frequency of the local

~oscillator. Since a large number of tuner PLL ICs for conventional

25 television receivers which receive and process conventional
broadcast;and cable television signals are widely available, it is
particularly desirable that the tuner of the digital satellite
television receiver be capable of being constructed utilizing such a
conventional tuner PLL IC.
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1. In a dlgltal satellite t +eceryer
s receiving and processing digital signals nodyl g ed on respectli ¥e
ones of a plurality of 5 RF signals received from oOtHREE TR t (3)
including a satellite receiving antenna (1) and-aj by ock converted (13),
a tuner (9) conprising: o5 RF input fpr receiving a
plurality of RF signals provided by sai d bl ock co

_ osci Ll ator 11 en a J.ocal sc | | at |
2 local oscl hlgbon 911001 9 0eRGLALE 10,2 1008] Soeld | ALaect! IBlardOys
i nput coupl eproyviseaidd hncaml@stallasatelbiug abdlam1smbputratemhech for an

(913) “coupl BT IARY and, processing AiglEaIoe AGHATY CmbliTatel o

respective ones of a plurality of RF signals received from an
outdoor unit including a satellite receiving antenna and a
block converter, a tuner comprising:

an RF input fér,receiving a plurality RF signals provided by
said block converter;

a local oscillator for generating a local oscillator signal;
a mixer having a first input coupled to said RF input, a
second input coupled to said local oscillator and an output
at which an IF signal is produced;

a surface acoustic wave filter coupled to said output of said
mixer for filtering said IF signal including intersymbol
shaping;

a phase locked loop tuning control integrated circuit for
controlling the frequency of said local oscillator; said
phase locked loop tuning control integrated circuit being of
the type which is normally wutilized in conventional
terrestrial broadcast  -and cable television receivers; and
wherein

the frequency of the IF signal being selected to be in the
order of the difference between the highest frequency of the
RF signal received from the block converter and highest local
oscillator frequency available by utilizing said phase locked
loop tuning control integrated circuit.

Acbording to the invention in a second aspect, there is
provided a digital satellite television receiver for
receiving and processing digital signals modulated on
respective ones of a plurality of RF signals received from an
outdoor unit including a mnicrowave satellite receiving
antenna and a block converter, apparatus comprising:

an RF input for receiving said plurality of RF signals
provided by said.block converter;

a local oscillator in a phase locked loop tuning control
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said mxer (909) for providing filtering of said IF si EE LACE l\‘[TSI-H"E'TrJO
15 « shaping for reducing intersynbol interference; an a
phase | ocked | oop tuning control integrated circuit fo 0 70&G 1998 i ng
the frequency of said local oscillator (911); said phagsetlacked Lbop
tuning control integrated circuit being sptable for uge in ~
conventional terrestrial broadcast and cable tel evisioR '
2. The apparatus recited in claim 1, wherein: . “the
f requency of1hhegk5t9dgﬂ&kcu&tSfbng@ﬁetatiﬁgIdlIdualﬂdkﬁlkﬂator silghel;
di fference between thﬁ ghestéﬁ of salg 3 celveg
from said bl 8cHdiv el &Y a7 heSOUPHRY, 85 q% tPBYLendy 25

avai |l abl e bysebohdzungu$acduphedetbos&nd lmmqﬂtosnrtﬂatwn;ahuimﬁE@m¢p®¢

circuit. at which an IF signal is produced;
a surface acoustic wave filter coupled to said output of said
mixer for filtering said IF signal; said surface acoustic
wave filter being capable of symbol shaping for reducing
intersymbol interference; said surface acoustic wave filter
having a nominal center frequency greater than 110 mHz and
significantly less than 479 mHz; and wherein
the frequency of the IF signal being selected to be in the
order of the difference between the highest frequency of the’
RF signal received from the block converter and highest local
oscillator frequency available by utilizing said phase locked
loop tuning control integrated circuit.

According to the invention in a third aspect, there is
provided a digital satellite television receiver for
receiving and processing digital signals modulated on
respective ones of a plurality of RF signals received from an
outdoor unit including a satellite receiving antenna and a
block converter, a tuner comprising:

an RF input for receiving a plurality RF signals provided by
said block converter;

a local oscillator for generating a local oscillator signal;
a mixer having a first input coupled to said RF input, a
second input coupled to said local oscillator and an output
at which an IF signal is produced; |

a surface acoustic wave filter coupled to said output of said
mixer for filtering said IF signal including intersymbol
shaping; and |

a phase locked loop tuning control integrated circuit for
controlling the frequency of said local oscillator; said
phase locked loop tuning control integrated circuit being of
the type which is normally utilized in conventional



3. The apparatus recited in claim 2, wherein:
bl ogk convgfter (3) provides RF signals in a frequency g&pLAGEN&$ﬂWSHﬂ@T
order of 950 to 1450 MHz and said | ocal oscillator (911
frequency range in the order of 810 to 1310 MHz. “7“"C %ﬁa
apparatus recited in claim 3, wherein sazg | F signal as n

frequency of 140 MHz.

The

terrestrial broadcast and cable television receivers;

the frequency of the IF signal being selected to be in the
order of the difference between the highest frequency of the
RF signal received from the block converter and highest local
oscillator frequency available by utilizing said phase locked
loop tuning control IC.

According to the invention in a fourth aspect, there is
provided a digital satellite television receiver for
receiving and processing digital signals modulated on
respective ones of a plurality of RF signals received from an
outdoor unit including a satellite receiving antenna and a
block converter, a tuner comprising:

an RF input for reéeiving a plurality RF signals provided by
said block converter; .

a local oscillator for generating a local oscillator signal;
a mixer having a first'input coupled to said RF input, a
second input coupled to said local oscillator and an output
‘at which an IF signal is produced;

a surface acoustic wave filter coupled to said output of said
mixer for filtering said IF signal including intersymbol
shaping; a phase locked loop tuning control integrated
circuit for controlling the frequency of said local
oscillator; said phase locked loop tuning control integrated
circuit being of the typé which is normally utilized in
conventional terrestrial broadcast and cable television
.receivers; and wherein:

the frequency of the IF signal is selected to be in the order
of the difference between the highest frequency of said RF
signals received from said block converter and the highest
local oscillator frequendy available by utilizing said phase
locked loop tuning control integrated circuit.

According to the invention in a fifth aspect, there is
provided a digital satellite television receiver for
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receiving and processing digital signals modulated on
respective ones of a plurality of RF signals received from an
outdoor wunit including a microwave satellite receiving
antenna and a block converter, apparatus comprising:

an RF input for receiving said plurality of RF signals
provided by said block converter;

a local oscillator for generating a local oscillator signal;
a mixer having a first input coupled to said RF input, a
second input coupled to said local oscillator, and an output
at which an IF signal is produced;

a surface acoustic wave filter coupled to said output of said
mixer for filtering said IF signal; said surface acoustic
wave filter being capable of symbol shaping for reducing
intersymbol interference; said surface acoustic wave filter

~having a nominal center frequency greater than 110 mHz and

significantly less than 479 mHz; and wherein:

said block converter provides RF signals in a frequency range
in the order of 950 to 1450 mHz and said local oscillator has
a frequency range in the order of 810 to 1310 mHz.

According to the invention in a sixth aspect, there is
provided a digital satellite television receiver for
receiving and processing digital signals modulated on
respective ones of a plurality of RF signals received from an
outdoor ‘unit including a microwave satellite receiving
antenna dnd a block converter, apparatus comprising:

an RF input for receiVing said plurality of RF signals
provided by said block converter;

a local oscillator in a phase locked loop for generating a
local oscillator signal, said phase locked loop including a
phase locked loop tuning control integrated circuit of a type
which 1is normally utilized in conventional terrestrial
broadcast and cable television receivers;

a mixer having a first input coupled to said RF input, a
second input coupled to said local oscillator, and an output



5 - 5. In a digital satellite television receivg N
and. processing digital signals nodul ated on respective ong AL£$ﬁﬁ¢fShh
plurality of RF signals received froman outdoor unit incljuding a

m crowave satellite receiving antenna (1) and a bl ock comertem7DE(§3998

apparatus conprising: 10 an Rpeinput for receijviing said
plurality of RF signals provi ded by said bl ock converter (3);
"a local oscillator (911) for generating a local oscillato siqnal;

a mxer (909 thawiet fan IF igiRialcdeppédueespi d RF 15 |nput a second
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(913) coupl epiersafsk filtering said IF signal; said surface acoustic
wave filter being capable of symbol shaping for reducing
intersymbol interference; said surface acoustic wave filter
having a nominal center frequency greater than 110 mHz and
significantly less than 479 mHz; and wherein:
the frequency of the IF signal is selected to be in the order
of the difference between the highest frequency of said RF
signals received from said block converter and the highest
local oscillator frequency available by utilizing said phase
locked loop tuning control integrated circuit.
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7. The apparatus recited in claim®6, wherein;
and processing digital signals modulated on respectlve ones

of a plurality of RF signals received from an outdoor unit

~including a satellite receiving antenna and a block

converter, a'tuner comprising:

an RF input for receiving a plurality RF signals provided by
said block converter;

a local oscillator for generating a local oscillator signal;
a mixer having a first input coupled to said RF input, a
second input coupled to said local osc1llator and an output
at which an IF signal is produced,

a surface acoustic wave filter coupled to said output of
said mixer for filtering said IF signal including
intersymbol shaping;

a phase locked loop tunlng control integrated circuit for
controlling the frequency of sald local oscillator; said
phase locked loop tuning control integrated circuit being of
the type which is normally utilized in conventional
terrestrial broadcast and cable television ieceivers} and
wherein

the frequency of the IF signal being selected to be in the
order of the difference between the highest frequency of the
RF signal received from the block converter and highest
local oscillator frequency available by utilizing said phase

locked loop tuning control integrated circuit.
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sai d nom nal ffequency A ' | is 140 MHz. 5 8. Thsg
apparatus recited in c” li@" Eﬁ'ﬂm _ saild | o4t pEEcHY8 atjor
(911) is included in a'p N «> loop (911, 917) fo& controlling

the frequency of said |ocal oscillatol0(91 1). -

2. In a digital satellite television receiver for receiving:
and processing digital siénals modulated on respective ones
of a plurality of RF siénals received from an.outdoor unit
including a microwave sgtéllite receiving antenna and &
5 block converter, apparatus coﬁprising:
an RF input for receiving said plurality of RF signals
provided.by said block converter;
a local oscillator in a phase locked loop tuning control
integrated circuit for generating a local oscillator signal;
100 a mixer having a first input coupled to said RE input, a
second input coupled to said local oscillator, and an output
at which an IF signal 'is produced;
a surface acoustic wave filter coupled to said outpuf of
said mixer for filtering said IF signal; said surface
15 acoustic wave filter being capable of'symbol shaping for
reducing intersymbol interference; said surface acoustic
wave filter_having a nominal center frequency greater than
110 mHz and éignificantly less than 479 mHz; and wherein
the frequency of the IF signal being selected to be in the
20 order of the difference between the highest frequency of the
RF signal received from the block converter and highest
local oscillator frequency available by utilizing said phase

locked loop tuning control integrated circuit.

25 3. 1Ina digital satellite television receiver for receiving
and processing digital signals modulated on respective ones
of a plurality of RF signals received from an outdoor unit

including a satellite receiving antenna and a block
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integrated circuit of the type which is norpvblly 5 utilfided in
conventional terrestrial broadcast and cable tel evision receivers.
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said block_converfer;

a local oscillator for generating a local oscillator signal;

a mixer having a first input coupled to said RF input, a.

second input coupled to said local oscillator and an output
at which an IF signal is produced;

a surface acoustic wave filter coupled to said output of
said mixer for filtering said IF signal including
intersymbol shaping; and |

a phase locked loop tuning control integrated circuit for
controlling the frequency of said local oscillator; said
phase locked loop tuning control integrated circuit being of
the type which is normally utilized iﬁ conventional
terrestrial broadcast and cable television receivers;

the frequency of the IF signal being selected to be in the
order of the difference between the highest frequency of the
RF signal received from the block converfer and highest
local oscillator frequency available by utilizing said phase

locked loop tuning control Ic.

4. The apparatus recited in claim 3, wherein:

said block converter provides RF signals in a frequency
range in the order of 950 to 1450 mHz and said local
oscillator has a frequency range in the order of 810 to 1310

nmHz.
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20 12. The apparatus recited in claim 11,
frequency i dsaiadisignd) eipienty mHz sai d signal is 140 MHz.

6. The épparatus recited in claim 13, wherein:
said local oscillator is included in a phase locked loop for

controlling the frequency of said local oscillator.

7. The apparatus recited in claim 6, wherein: .
said phase locked loop includes a phase locked loop tuning

control integrated circuit of the type which is normally

utilized in conventional terrestrial broadcast and cable

television receivers.

8. In a digital satellite television receiver for receiving
and processing digital signals modulated on respective ones
of a plurality of RF signals received from an outdoor unit
including a satellite receiving antenna and a block
converter, a tuner éomprising:

an RF input for receiving a plurality RF signals provided by
said block converter;

a local oscillator for generating a local oscillator signal;
a mixer having a first input coupled to said RF input, a
second input coupled to said local oscillator and an output
at which an IF signal is produced;

a surface acoustic wave filter coupled to said output of
said mixer for filtering said IF signal including
intersymbol shaping; a phase locked loop tuning control

integrated circuit for controlling the frequency of said
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utilized in conventional terrestrial broadcast and cable
television receivers;_and-wherein:

the frequency of the IF signal is selected to be in the
order of the difference between the higheSt frequency of
said RF signals received from said block converter and the
highest local oscillator frequency available by utilizing

said phase locked ldop tuning control integrated circuit.

9. The apparatus recited in claim 8, wherein:

said block converter provides RF signals in a frequency
range in the order of 950 to 1450 mHz and said local
oscillator has a frequency range in the order of 810 to 1310

mHz.

10. The apparatus recited in claim 9, wherein:

said IF signal has a nominal frequency of 140 mHz.

11. In a digital satellite television receiver for receiving
and processing digital signals modulated on respective ones
of a plurality of RF signals received from an outdoor unit
including a microwave satellite receiving antenna and a
block converter, apparatus comprising:

an RF input for receiving said plurality of RF signals
provided by said block converter;

a local oscillator for geherating a local oscillator signal;

a mixer having a first input coupled to said RF input, a
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second input coupled to said local oscillator, and an outpﬁt
at which an IF signal is produced;

a surface acoustic wave filter coupled to said output of
said mixer for filtering said IF signal; said surface

acoustic wave filter being capable of symbol shaping for

reducing intersymbol interference; said surface acoustic

wave filter having a nominal center frequency greater than
110 mHz and significantly less than 479 mHz; and wherein:

said block converter provides RF signals in a frequency
range in the order of 950 to 1450 mHz and said .local
oscillator has a frequehcy range in the order of 810 to 1310

mHz.

12. The apparatus. recited in claim 11, wherein:
said nominal center frequency of said surface acoustic wave

surface filter is 140 mHz.

13. In a digital satellite television receiver for receiving
and processing digital signals modulated on respective ones
of a plurality of RF signals received from an outdoor unit
including a microwave satellite receiving antenna and a
block converter,'apparatus comprising:

an RF input for receiving said plurality of RF signals
provided by said block converter;

a local oscillator in a'phase locked loop for generating a
local oscillator signal, said phase locked loop including a
phase locked loop tuning control integrated circuit of a

type which is normally utilized in conventional terrestrial
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seééﬂﬁrﬁhﬁﬁ¥“56Upféa to said local oscillator, and an output
at which an IF signal is produced;

a surface acoustic wave filter coupled to said oﬁﬁput of
said mixer for filtering said IF signal; said surface
acoustic wave filter being capable of symbol shaping for
redﬁcing intersymbol interference; said surface acoustic
wave filter having a nominal center frequency greater than
110 mHz.and significantly less than 479 mHz; and wherein:
the frequency of the IF signal is selected to be in the
order of the difference between the highest frequency of
said RF signals received from said block converter and the
highest local oscillator frequency available by utilizing

said phase locked loop tuning control integrated circuit.

14. The apparatus recited in claim 13, wherein:

said block converter provides RF signals in a frequency
range ih the order of 950 to 1450 mHz and said local
oscillator has a frequenéy range in the order of 810 to 1310

mHz.

15. The apparatus recited in claim 3, wherein: said nominal

frequency of said signal is 140 mHz.
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A tuner (9) for a digital satellite television receiver comprises a single conversion stage which produces an IF signal at a low enough

ncy to permit 2 SAW filter (913) to be used to perform symbol shaping as well as the normal IF filtering function. The local oscillator
(911) is controlled by a phase locked loop tuning control IC normally used to control the local oscillator (911) of a umer of a conventional
broadcast or cable television receiver. In an exemplary embodiment for tuning RF signals provided by a block converter (3) in the 950 to
1450 MHz frequency range, the IF has a center frequency of 140 MHz.
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