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57 ABSTRACT

A television receiver includes a frequency conversion cir-
cuit, an analog-to-digital converter, a signal processor, and a
signal output circuit. The frequency conversion circuit
receives an input RF signal in one of several television
signal formats and converts the input RF signal to an
intermediate frequency signal. The analog-to-digital con-
verter samples the intermediate frequency signal and gen-
erates a digital representation thereof. The signal processor
processes the digital representation of the intermediate fre-
quency signal in accordance with the television signal
format of the input RF signal and generates digital output
signals indicative of information encoded in the input RF
signal. Finally, the signal output circuit receives the digital
output signals from the signal processor and provides one or
more output signals corresponding to the digital output
signals. The signal output circuit can be configured to
provide output signals corresponding to an analog television
format or a digital television format or both.

4,872,054 A * 10/1989 Gray et al. ................. 348/441 29 Claims, 3 Drawing Sheets
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TELEVISION RECEIVER FOR DIGITAL AND
ANALOG TELEVISION SIGNALS

FIELD OF THE INVENTION

The present invention relates to a television signal
receiver, and in particular, the present invention relates to a
broadband television signal receiver for receiving multi-
standard analog television signals and digital television
signals.

DESCRIPTION OF THE RELATED ART

A television (TV) or video recorder includes a television
signal receiver (or television receiver) to receive terrestrial

5

2

an analog-to-digital converter and other supporting circuitry
to perform the demodulation. The digital demodulator out-
puts data in a MPEG data stream.

Television receivers for receiving both analog and digital
television signals are being developed. These dual-format
television receivers are typically implemented by duplicat-
ing the hardware required for processing the analog televi-
sion signals and digital television signals. For instance, it is
known to implement a dual-format television receiver by
using a bank of channel filters, each of the channel filters
designed for a specific format and standard, and a bank of
demodulators, each demodulator receiving filtered signals
from a corresponding channel filter. A switch can be used to
select the desired signal processing path including the

15 desired channel filter and the associated demodulator. An

broadcast, cable television or satellite broadcast television alternate implementation, proposed by U.S. Pat. No. 6,369,
signals and to process the television signals into the appro- 857 to Balaban, involves digitizing the intermediate fre-
priate video signals for display or for recording. Television quency signal and processing the digitized signal using two
signals are transmitted in analog or digital formats and in separate processing circuitry—one for the analog television
accordance with a variety of standards. For analog television 20 signal and one for the digital television signal.
transmission, the NTSC (National Television Standards A television receiver for providing dual-format reception
Committee) standard, the PAL (Phase Alternate Lines) stan- is desired. It is further desirable that such a dual-format
dard, and the SECAM (Sequential Couleur Avec Memoire)  television receiver be cost effective to manufacture and
standard are widely adopted. On the other hand, for digital provides high quality video and audio performance.
television transmission, the DVB (Digital Video Broadcast) 2s
format and the ATSC (Advanced Television Standards Com- SUMMARY OF THE INVENTION
mittee) format are available. Because the different television
formats and different television standards are incompatible, According to one embodiment of the present invention, a
television receivers are traditionally made specifically for television receiver includes a frequency conversion circuit,
the analog or digital format and for a specific standard. Thus, 30 an analog-to-digital converter, a signal processor, and a
televisions or video recording equipments are dedicated signal output circuit. The frequency conversion circuit
equipments which can only be used in the geographic receives an input RF signal and converts the input RF signal
regions in which the television standard is broadcasted. to an intermediate frequency signal having an intermediate

The operation of a conventional television receiver frequency (IF). The input RF signal encodes information in
includes two main components. First, the receiver receives 35 one of several television signal formats. The analog-to-
the incoming television signal in radio frequency (RF) and digital converter samples the intermediate frequency signal
converts the incoming RF signal to an intermediate fre- and generates a digital representation thereof. The signal
quency (IF) signal. Then, the receiver converts the IF signal processor processes the digital representation of the inter-
to a video baseband signal and an audio baseband signal. mediate frequency signal in accordance with the television
The baseband signals are coupled to appropriate video and 4o signal format of the input RF signal and generates digital
audio decoders to generate the display video signals (e.g. output signals indicative of information encoded in the input
RGB) or sound. In general, the conventional television RF signal. Finally, the signal output circuit receives the
receiver includes a tuner for receiving the input RF signal digital output signals from the signal processor and provides
and converting the RF signal to an IF signal by one or more one or more output signals corresponding to the digital
frequency conversions. The frequency conversions are gen- 45 output signals.
erally implemented as single or dual super-heterodyne con- In one embodiment, the television signal formats include
versions. In conventional television receivers, the interme- an analog television format and a digital television format.
diate frequency is dictated by the geographical area the The signal output circuit can be configured to provide output
receivers are to be used. Currently, there are five interme- signals corresponding to an analog television format or a
diate frequencies being used in the world. For example, in so digital television format or both. In another embodiment, the
the United States, the IF is 41 to 47 MHz. television receiver is formed as a monolithic integrated

The conventional television receiver also includes a chan- circuit.
nel filter and a demodulator for converting the IF signal to The present invention is better understood upon consid-
video and audio baseband signals. The channel filter is eration of the detailed description below and the accompa-
typically a discrete filter implemented as a SAW (Surface 55 nying drawings.
Acoustic Wave) filter. The shape of the SAW filter is
designed specifically for the format (analog or digital TV) BRIEF DESCRIPTION OF THE DRAWINGS
and the television standard (NTSC, PAL or SECAM) of the
television signals being received. The demodulator is typi- FIG. 1 is a schematic diagram of a dual-format television
cally a dedicated component and designed specifically for a 60 receiver according to one embodiment of the present inven-
predetermined television signal format and a predetermined tion.
television standard. For analog television signal reception, FIG. 2 is a block diagram illustrating alternate embodi-
the demodulator is a VIF/SIF module. The VIF/SIF module ments of the signal output circuit which can be incorporated
provides a video output called CVBS (Composite Video in the dual-format television receiver of FIG. 1.
Baseband Signal) and audio outputs, such as MPX or A2. 65  FIG. 3A is a block diagram of a dual-format television

For digital television signal reception, the demodulator is a

sfligiial g duieter iy pieiin daghyting a down-converter,
Silabs IPR Exhibit 1001
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FIG. 3B is a block diagram of a dual-format television
receiver system employing the television receiver of FIG. 1
according to an alternate embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In accordance with the principles of the present invention,

4

In the present embodiment, signal input terminal 102 is a
single-ended input terminal. In an alternate embodiment, a
differential input terminal can also be used. When signal
input terminal 102 is a differential input terminal, receiver
100 further includes a balun transformer to convert the
differential input signals into a single-ended signal, as is well
understood by one of ordinary skill in the art.

Furthermore, in the present embodiment, first and second
output terminals 104, 105 are single-ended output terminals

el : .. 10 while third output terminal 106 is a differential output
a dua!-fprmat te.l s (LV) e for ISRl axllalo.g terminal. Third output terminal 106 therefore includes two
and digital TV signals uses a single signal processing circuit signal ports providing differential signals. In the present
for processing the‘r_eceived ipput R tglevision sign a!. The description, a differential output terminal is sometimes
.dua‘]-foirmat television recelver prov@gs output signals referred to as an “output terminal” but it is understood that
1nd1gat1ve il the an'fxlog oF Cigtal tele?vmon format of the | )¢ gifferential output terminal actually includes two signal
received television signal. The output signals can be coupled ports. As will be described in more detail below, each of the
b aemipdulatims andon decod.e I g ths bas;ba.nd output terminals of receiver 100 can be configured as either
Signals and snbsequently the vislen/ o sigral ok display a differential output terminal or a single-ended output ter-
or r.ecorflmg. In aie embolimedt, .lhe 'dua-l-format Y minal or two single-ended output terminals can be used to
g mclu@es . freqt.lepcy RV aTIn GRL (a tun.er),.a 20 provide differential output signals. Moreover, receiver 100
dlgmzn}g I eironie, a.djgl.tal signal Processor (DSP) circuit can provide output signals in either analog or digital format
and. 8 sigaal OEIpOE: CHRGIL s one embodqnent, the .dua]- on one or more output terminals. Thus, the output signals
fc_;rmat v tecetyer proviies & ﬁr§t output signal tha't 15 tl}e corresponding to the video and audio signals for analog
Vi msthian Signdl 1DF tEevsion .51gnals tre!nsmltted n television signals can be provided in either analog or digital
the analog farmat, a second outpt signal that is e andio 5o gy and using single-ended or differential output termi-

baseband signal for television signals transmitted in the
analog format, and a third output signal that is the digital
television (DTV) low-IF signals for television signals trans-
mitted in the digital format.

The dual-format television receiver of the present inven-

nals. Similarly, the output signals corresponding to the video
and audio signals for digital television signals can be pro-
vided in either analog or digital format and using single-
ended or differential output terminals.

30  Dual-format TV receiver 100 processes the incoming RF
tion provides many advantages not realized by conventional signal and provides output signals depending on the televi-
television receivers. First, by processing all signals in the sion format of the incoming RF signal. When the incoming
digital domain, the TV receiver of the present invention RF signal is in the analog television format, receiver 100
eliminates the need for analog components, such as SAW provides first and second output signals which can be
filters. Thus, the TV receiver of the present invention can be 35 decoded to generate the video and audio signals for display.
readily integrated in one integrated circuit to reduce the size When the incoming RF signal is in the digital television
and the manufacturing cost of the receiver. In one embodi- format, receiver 100 provides the third output signal which
ment, the dual-format TV receiver is formed as a monolithic  can be demodulated and decoded to generate the video and
integrated circuit. As such, the receiver integrates a large audio signals for display. In one embodiment, the dual-
part of the components for a television receiver system into 49 format TV receiver 100 is formed as a monolithic integrated
a single integrated circuit. A television receiver system  circuit. Thus, an integrated circuit implementing TV receiver
incorporating the dual-format television receiver of the 100 of the present invention can include as few as five pins
present invention can thus be built with minimal compo- in the present embodiment, apart from the power supply and
nents, reducing the size and the overall manufacturing cost  ground pins. As will be discussed in more detail below, in
of the television receiver system. Another advantage of the 45 other embodiments of the dual-format TV receiver of the
dual-format TV receiver of the present invention is that the present invention, an integrated circuit implementing TV
digital signal processor circuit of the receiver uses a single receiver 100 of the present invention can include as few as
signal processing path to process television signals in either three pins, apart from the power supply and ground pins.
the analog format or the digital format. Thus, the need to Referring to FIG. 1, receiver 100 includes a frequency
duplicate components is entirely obviated. Finally, the digi- so conversion circuit 110 (or tuner circuit 110), a digitizing IF
tal signal processor circuit can be readily reconfigured to circuit 120, a digital signal processor (DSP) circuit 130 and
support multi-standard reception, thereby enabling the tele- 4 signal output circuit 140. Frequency conversion circuit 110
vision receiver of the present invention to be used in any receives input RF signals on signal input terminal 102. The
geographical area of interest. input RF signals can be received from terrestrial broadcast

FIG. 1 is a schematic diagram of a dual-format television 55 or cable transmissions. Frequency conversion circuit 110
receiver according to one embodiment of the present inven- operates to convert the input RF signal to an intermediate
tion. Referring to FIG. 1, a dual-format television receiver frequency (IF) signal using one or more frequency conver-
100 includes a signal input terminal 102 for receiving sions. In the present illustration shown in FIG. 1, the input
incoming RF signal, a first output terminal 104 for providing RF signal is first coupled to a RF tunable filter 111 which is
a first output signal for television signals transmitted in the 60 a bandpass filter. Then, the filtered signal is coupled to a
analog format, a second output terminal 105 for providing a variable gain low noise amplifier 112. The output signal of
second output signal for television signals transmitted in the amplifier 112 is coupled to a bandstop filter 113 which is also
analog format, and a third output terminal 106 for providing known as a “notch filter.” The output signal of bandstop filter
a third output signal for television signals transmitted in the 113 is then coupled to a mixer 114, controlled by a phase-
digital format. The signal input terminal and output termi- 65 locked loop 115. Mixer 114 operates to tune the filtered input

nals of receiver 100 can be configured as single-ended or

sHifsrrtind srminlseadrReliptoRs the applications.
Silabs IPR Exhibit 1001
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RF signal to the desired frequency range in one or more
frequency conversions and generate the IF signal. Frequency
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conversion circuit 110 provides the IF signal on a terminal
116 have a preselected intermediate frequency.

In accordance with the present invention, frequency con-
version circuit 110 can be designed to generate IF signals
having an intermediate frequency of any values. The IF used
by tuner 110 can be the same as or different than the IF
specified by the worldwide standards. Furthermore, as
receiver 100 uses a single digital signal processor for signal
processing, tuner 110 can use the same IF for receiving

6

embodiment, DSP 131 includes two computing units to
speed up the computation time. Specifically, the filtering
operations of the real and imaginary parts in the frequency
domain are carried out in parallel. In other embodiments,
DSP 131 may include only one computing unit.
Format/standard selection circuit 133 can be implemented
in one of many ways. The selection of the correct format and
television standard can be made manually by the user of the
television system, such as by activating a switch, or the

anfllog ?ihdl%ga.l ‘elef"fm“ tSlgn alls Ihany standar%ifl. "I.‘he 10" selection can be made automatically by providing an auto-
VE s OIn il 1nbat(11.1n egtra t.‘: ]tl;lper lf atertcliatttetr) 020 ;f;}gin detection capability in receiver 100. In the present embodi-
¢ (Efe}; aneiembociment, te 118 selectec.borbe % ment, auto-detection is implemented by detecting in the first
& Thg ]e; — ted by f < R and second output signals the presence or absence of carrier
110 he . signa gcltnexqu M rzquenic;y SOLVEESION cnr'gm(; signals which uniquely identify the television formats and
having a preselected intermediate frequency 1s provided 15 .5 4ards. Por example, analog television signals can be
to dxgmzmg IF circuit 120 of receiver 100. Digitizing IF identified by the analog visual carrier signal while digital
circuit 120 includes a bandpass filter 121, a variable gain televiss il b identifed v the silbt iar A
lifier 122 and an analog-to-digital converter (ADC) 123 < e e A .

%Illp IF signal is filtered by band fiter 121. Then. detection circuit can be included in receiver 100 for gener-

el' fi 51lgle; 1 tere t}il %Ii pazs P = ) Af g?’ ating a signal which is fed back to format/standard selection
ampatier £ cl;p:ra ‘:}sl 0; e Hitere £ A%gélal 2302[) é 20 circuit 133 indicating which television format and standard
;l)grsposeotre%u z.m.%. ethynam;c rz;Ir;ge.o | and =5 d the input signal is encoded. In other embodiments, other
die aperaies 10 CIglizeithe analof. 1 Signal anc.provice:a means for selecting between the different formats and stan-

igital IF signal on a terminal 124. Receiver 100 thereby
g e . dards can be used.
per.forms subseql_lent processing in the .dlglta] domain e s St T sl Se i sl et Sl
21131?]1};;3 Y ?lp Iﬂymg the a.ppropnatle samphing f;lelquency = DSP 131 appligs a vide§n filter functiongand a sound %Illte;
and the appropriate signal processing functions at 3 i s A : :

DSP circuit 130, receiver 100 can handle television signals ?mctlgln to t(t;.e d1g1t1zle d %%n al.sdt & sep;rate thde gifeo SIEN abls
e e OB, ™ $onard (27 il cmented 35 FIR filers, DSP 131 can alo implement

Tn tl;e pres’ent embo&iment KDC 123) .is a 10-bit converter 30 Other filter functions such as ghost cancellation for reducing
and has a sampling rate of up to 40 megasamples per second. $§ u:iter_fer:aim;e of tt}llle mpur minai; Thel filter respo;lsetl:s
In other embodiments, ADC 123 can have other resolution I GeEvVELL ATOM Thel Measuied. CHanicl I65panse:, A 106
and in most applications, a resolution of greater than 9 bits p.rese;n embo@m;:nt;:‘ DSP 131. SHICTAEES B pr.ocessed dIF
will suffice. The sampling frequency of ADC 123 is selected mlgha or:it]e;‘m 102 all tas th.e ‘;ligcs’ baste};band dsixgltl)al a{: 3
based on the intermediate frequency of the IF signal and 3s Processed It signal on lermmna 85/ e\ U0 hasehan
§hou1d ge at }reast larger thaxll t\]v_;ce the }:)and;rvidth of th; (or\;;undt;F). SlgT;F el g e -
intermediate frequency signal. The sampling frequency o en the npu signal 15 a digital television signal,
ADC 123 can be adjusted by using a voltage controlled DSP 131 applies a filter function to the digitized signals. The
oscilllator anda p{)la(sig locked loop (not shown1 in FIG. 1)(. In g)l(t;] pf]l;qztiﬁgA%aélCb\e/si};nspéen;:n‘;edhas fh Féﬁ filter. An
an alternate embodiment, a tuning control circuit (not 40 1 2 ndard where the hlter response
shown) can be included for adjusting the sampling fre- is specified as raised root cosine with 0.1152 roll-off (refer
quency of ADC 123. The tuning contro] circuit can receive 0 the ATSC A-53 specification). Furthermore, additional
a control signal external to receiver 100, such as a manual filter functions, such as an equalizer for echo cancellation
control signal from a user. The tuning control circuit canalso ~ (multipath), can also be implemented in DSP 131. The filter
perform auto-detection of the intermediate frequency of the 4s response is then derived fTOH} the measured channel
IF sigélalsland adjust the operating frequencies of the ADC ;giﬁfsnie-din thzoplf::sr}; enfl‘?;i}menfté DSP lit! aglsgl feﬁ;
accordingly. C a down-conversion function for convertin

After the IF signal is filtered and digitized, the digital signal into a low IF signal.
representation of the signal is processed by a digital signal The processed IF signals on terminals 134 and 135 are
processor (DSP) 131 in DSP circuit 130. DSP 131 processes 50 coupled to signal output circuit 140 to be converted into the
the digital IF signal according to the television format and desired output signals. In accordance with the present inven-
standard to which the input RF signal is encoded. In the tion, signal output circuit 140 can assume various configu-
present illustration, DSP circuit 130 includes a format/ rations to provide output signals in different formats. A
standard selection circuit 133 for selecting between the configuration for signal output circuit 140 can be selected
several analog television standards and the several digital 55 based on factors such as the desired pin count for receiver
television standards. DSP 131 applies the appropriate filter 100 and the desired format for the output signals. One useful
function, such as an impulse response, to the digital IF feature of signal output circuit 140 is that the signal output
signals received on terminal 124 depending on the state of circuit can be configured to provide output signals for analog
format/standard selection circuit 133. In one embodiment, TV format and digital TV format simultaneously. That is, a
the coefficients of the filter functions are stored in a look-up 60 first set of output signals can be provided for the television
table in a memory 132 in DSP circuit 130. DSP 131 retrieves signals received in the analog television format and a second
the coefficients from memory 132 to be applied to the set of output signals can be provided for the television
incoming digital signals. signals received in the digital television format so that

DSP 131 is a programmable and reconfigurable processor. television signals for both analog and digital formats can be
In the present embodiment, DSP 131 implements a finite 65 displayed at the same time. Simultaneous display of analog

impulse response (FIR) filter which is reconfigured based on

stheoh Y aBendaedeseleqiedndgighgrmore, in the present
Silabs IPR Exhibit 1001
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and digital television signals is not possible in the conven-
tional television receivers as the conventional television

Cresta Ex 2023-8
Silicon v Cresta
IPR2015-00626



US 7,265,792 B2

7

receivers carry out input or output switching operation to
select only one of the two television signals to be processed.

FIG. 1 illustrates one embodiment of a signal output
circuit which can be incorporated in receiver 100 of the
present invention. Other embodiments of the signal output
circuit are shown in FIG. 2. Referring first to FIG. 1, signal
output circuit 140 includes a digital-to-analog converter
(DAC) 141 coupled to a low pass filter 142. The processed
digital signals provided by DSP 131 on terminal 134 is
coupled to DAC 141 to be converted back to analog format.
The analog signal is filtered by low pass filter 142 to smooth
out the signal. The filtered analog signal is coupled to a first
driver 143 to provide a first output signal for analog televi-
sion format on output terminal 104 and also to a second
driver 144 to provide a third output signal for digital
television format on output terminal 106. Meanwhile, DSP
131 also provides the processed digital sound signal on
terminal 135 to a DAC 145. The output signal from DAC
145 is coupled to a third driver 146 to provide a second
output signal on output terminal 105 for the analog televi-
sion format. In the present embodiment, driver 143 and
driver 146 are single-ended drivers while driver 144 is a
differential output driver. In one embodiment, driver 144 is
a low voltage differential signaling driver.

As thus configured, signal output circuit 140 provides
analog television signals on output terminals 104 and 105
and digital television signals on output terminal 106 which
is a differential output terminals (2 signal ports). In the
present embodiment, the first output signal is a Composite
Video Baseband Signal (CVBS) for analog television signals
and the second output signal is the audio baseband signal for
analog television signals. The third output signal is a DTV
low-IF signal for digital television signals.

Turning now to FIG. 2 where alternate embodiments of

—_

0

—

5

25

8

voltage differential signaling (LVDS) driver providing the
DTV low-IF signal as low voltage differential signals.

In a third alternate embodiment, a signal output circuit
540 includes a first serializer 541 and a second serializer 542
so that the video signals from the signal output circuit are
provided as serial digital interfaces. In this embodiment, first
serializer 541 receives the processed digital IF signal and
provides a serial digital data stream to a first driver 543.
Driver 543 is a differential output driver and drives the serial
digital data stream onto an output terminal 504. Serializer
542 and driver 544 form a parallel data path providing a
serial digital data stream on an output terminal 506. The
serial digital data on output terminal 504 can be coupled to
a decoder circuit for decoding into video signals for analog
television. An analog-to-digital converter may be included
in the decoder circuit to convert the serial digital data into an
analog format. The serial digital data on output terminal 506
can be coupled to a digital demodulator and a decoder for
demodulating and decoding the digital television signals. A
DAC 545 and a driver 546 form the output signal path for
the audio baseband signals for analog television.

In the signal output circuits described above, the signal
output circuits are configured to provide separate output
signals for the analog television signal and the digital
television signal. In a fourth alterate embodiment, a signal
output circuit 640 includes a single serializer 641 coupled to
a driver 642 providing a serial digital data stream on a single
output terminal 604. In the present embodiment, driver 642
is a differential output drive and output terminal 604 is a
differential output terminal including two signal ports. A
DAC 645 and a driver 646 form the output signal path for
the audio baseband signals for analog television.

In signal output circuit 640, one output signal in differ-
ential format is provided on output terminal 607. The single

the signal output circuit are shown. Referring to FIG. 2, in 35 serial digital data stream can be coupled through a serial
a first alternate embodiment, a signal output circuit 340 digital interface to a demodulator circuit for demodulating
includes a digital-to-analog converter (DAC) 341 receiving the digital television signal or to a decoder circuit for
the processed digital IF signal. The output terminal of DAC decoding analog television signal. Alternately, the single
341 is coupled directly to a first driver 343 providing a first serial digital data stream from signal output circuit 640 can
output signal being the video baseband signal (CVBS) for 40 be coupled to an integrated circuit incorporating both the
analog television and a second driver 344 providing the ~ digital demodulator circuit and the analog decoding circuit.
DTV low-IF signal for digital television. Signal output In that case, the single output terminal 607 can be coupled
circuit 340 eliminates the low pass filter that is used in signal to a single input terminal of the demodulator/decoder inte-
output circuit 140 of FIG. 1. By providing DAC 341 with grated circuit where the demodulator/decoder integrated
increased sample frequency, the low pass filter can be 45 circuit provides an output signal for analog television and an
eliminated and signal output circuit 340 can be simplified as output signal for digital television.
compared to signal output circuit 140. In signal output In the embodiments described above with reference to
circuit 340, a DAC 345 coupled to a third driver 346 FIG. 2, the serializer can implement any types of serial
provides the audio baseband signal for analog television. digital interface. For example, the serial digital interface can
Drivers 343 and 346 are single-ended drivers while driver 50 be an asynchronous interface or a synchronous interface.
344 is a differential output driver. The serial digital interface can be a bit serial interface or can
In a second alternate embodiment, a signal output circuit be implemented according to any known serial digital inter-
440 includes a digital-to-analog converter (DAC) 441 face standards, including but not limited to ANSI/SMPTE
receiving the processed digital IF signal. The output terminal 259M, ITU-R (CCIR) 601, 656, DVB-ASI (EN 50083-9).
of DAC 441 is coupled directly to a first driver 443. DAC 55  Finally, in a fifth alternate embodiment, a signal output
441 and first driver 443 form the output signal path for the circuit 740 includes a DAC 741 receiving the processed
video baseband signals (CVBS) for analog television. A digital IF signal. DAC 741 is coupled to a low-pass filter
DAC 445 and a driver 446 form the output signal path for 742. The filtered analog output signal is provided to a first
the audio baseband signals for analog television. For the driver 743 and a second driver 744. Low-pass filter 742 is
digital television signals, signal output circuit 440 includes 60 optional and is not needed when DAC 741 has a high
a serializer 442 for converting the processed digital IF signal sampling rate. A DAC 745 and a third driver 746 form the
from the DSP circuit into a serial digital data stream. In this output signal path for the audio baseband signals for analog
manner, the digital signals for digital television can be television. In the present configuration, the first, second and
provided to a digital demodulator through a serial digital third drivers share a first output terminal 708 and a second
interface. In signal output circuit 440, the serial digital data 65 output terminal 709. Because of the sharing of the output

stream is coupled to a second driver 444 which is a differ-

S AIBhUHBY (S d PESRDAGEpent driver ddd is a low
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the output terminal at a time. In this manner, the pin count
for the dual-format television receiver is reduced while the
receiver can still provide video/audio signals for either the
analog or the digital television format. Specifically, first
driver 743, being a single-ended driver, drives video base-
band signals (CVBS) onto first output terminal 708. Third
driver 746, being a single-ended driver, drives audio base-
band signals for analog television onto second output ter-
minal 709. When the analog video and audio television
signals are to be displayed, driver 744 is turned off. Alter-
nate, second driver 744, being a differential output driver,
drives the differential DTV low-IF signal onto first and
second output terminals 708 and 109. When the digital
television signal is to be displayed, drivers 743 and 746 are
turned off.

In the above embodiments, the signal output circuit gen-
erates the audio output signal for analog television using a
DAC and a single-ended driver. This configuration is suit-
able when the sampling rate of the DAC is high enough so
that no filtering of the converted analog signal is needed. In
other embodiments, a low-pass filter can be added between
the DAC and the single-ended driver. In that case, the
sampling rate of the DAC can be reduced.

A salient feature of the dual-format television receiver of
the present invention is the use of a single programmable
digital signal processing path for processing the received
television signal regardless of the television format and
standard in which the television signal is transmitted. Fur-
thermore, the receiver provides output signals for the analog

20

10

an output terminal 210. The video and audio signals can then
be provided to a television for display and playback.

FIG. 3A illustrates one embodiment of a dual-format TV
receiver system which can incorporate the dual-format tele-
vision receiver of the present invention. Other embodiments
of the TV receiver system are possible. In particular, the
configuration of TV receiver system will depend on the
configuration of the signal output circuit used by television
receiver 100. FIG. 3B is a block diagram of a dual-format
television receiver system employing television receiver 100
according to an alternate embodiment of the present inven-
tion.

Referring to FIG. 3B, TV receiver system 250 includes
receiver 100 which incorporates signal output circuit 740
(FIG. 2). Thus, receiver 100 includes only two output
terminals: a first output terminal 708 and a second output
terminal 709. The two output terminals selectively provide
the video baseband signals and audio baseband signals for
analog television or the differential DTV low-IF signals.
First output terminal 708 is coupled to a decoder circuit 252
for decoding analog television signals and to a demodulator
circuit 256 for demodulating digital television signals.

_ Demodulator circuit 256 is further coupled to a MPEG

decoder circuit 258 to decode the MPEG data stream gen-
erated by the demodulator. Second output terminal 709 is
coupled to a sound decoder circuit 262 for decoding sound
IF signals for analog television. The second output terminal
709 is also coupled to demodulator circuit 256. When digital
television signals are being processed by receiver 100, first

or digital television signals simultaneously. The receiver of 30 and second output terminals 708, 709 functions as the
the present invention thus enables the construction of a differential output terminals providing the differential output
dual-format TV receiver system for providing analog and signals indicative of the DTV low-IF signal. TV receiver
digital television display signals. The receiver can be built as system 250 can be operated to provide either analog televi-
a monolithic integrated circuit providing a single chip solu- sion signal display or digital analog television signal display.
tion to the tuner and signal processing function of an 35  The above detailed descriptions are provided to illustrate
analog/digital TV receiver. specific embodiments of the present invention and are not

FIG. 3A is a block diagram of a dual-format television  intended to be limiting. Numerous modifications and varia-
receiver system employing dual-format television receiver tions within the scope of the present invention are possible.
100 according to one embodiment of the present invention.  For instance, FIG. 2 illustrates various embodiments of the
Referring to FIG. 3A, dual-format television receiver system 40 signal output circuit of the dual-format television (TV)

200 incorporates dual-formal television receiver 100 for
receiving and processing the incoming RF signal. In the
present illustration, receiver 100 incorporates signal output
circuit 140 (FIG. 1), 340, 440 or 540 (FIG. 2). Thus, receiver

receiver of the present invention. However, other embodi-
ments of the signal output circuit are possible and FIG. 2 is
not intended to limit the configuration of the signal output
circuit to those illustrated. As described above, the signal

100 provides a video baseband signal (CVBS) for analog 45 output circuit can provide output signals in either analog or
television, an audio baseband signal (sound IF), and a DTV digital format and the output terminals of the signal output
low-IF signal for digital television. TV receiver system 200 circuit can be single-ended or differential output terminals.
includes the back-end circuits for generating the display  The present invention is defined by the appended claims.
signals and the audio playback signals for the television .
display. 50 We clalm:. . N

In the present embodiment, the video baseband signal 1. A television receiver comprising:
(CVBS) from receiver 100 is coupled to a decoder circuit a frequency conversion circuit for receiving an input RF
202. Decoder circuit 202 can be implemented as a PAL/ signal and for converting the input RF signal to an
SECAM/NTSC decoder circuit. Decoder circuit 202 pro- intermediate frequency signal having an intermediate
vides video output signals on an output terminal 204 which 55 frequency (IF), the input RF signal encoding informa-
can be coupled to a television for display. The sound IF tion in one of a plurality of television signal formats;
signal from receiver 100 is coupled to a sound decoder an analog-to-digital converter for sampling the interme-
circuit 212 to provide the audio output signals on a terminal diate frequency signal and generating a digital repre-
214 which can be coupled to a television for playback. sentation thereof}
Finally, the DTV low-IF signal is coupled to a demodulator 60  a signal processor for processing the digital representation
circuit 206 for digital demodulation. Typically, digital tele- of the intermediate frequency signal in accordance with
vision signals are modulated in a VSB, QAM or COFDM the television signal format of the input RF signal, the
scheme. Demodulator circuit 206 operates to demodulate the signal processor generating digital output signals
DTV low-IF signal and generates an MPEG data stream as indicative of information encoded in the input RF
an output signal. The MPEG data stream generated by 65 signal, wherein the signal processor applies one of a

demodulator circuit 206 is coupled to a MPEG decoder

SIS RUbLLaclasgdof dnfaifoyeo and audio signals on
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each of the plurality of finite impulse response corre-
sponding to a format of the input RF signal; and
a signal output circuit for receiving the digital output
signals from the signal processor and for providing one
or more output signals corresponding to the digital
output signals.
2. The television receiver of claim 1, wherein the plurality
of television signal formats comprises an analog television
format and a digital television format.

12

a first driver circuit for driving the analog output signals
from the first digital-to-analog converter onto a first
output terminal;

a second driver circuit for driving the analog output
signals from the first digital-to-analog converter onto a
second output terminal;

a second digital-to-analog converter coupled to receive
digital output signals from the signal processor encod-
ing audio information and convert the digital output

3. The television receiver of claim 1, wherein the televi- 10 signals to analog output signals; and
sion receiver is formed as a monolithic integrated circuit. a third driver circuit for driving the analog output signals
4. The television receiver of claim 1, wherein the signal from the second digital-to-analog converter onto a third
output circuit provides a first output signal being a video output terminal,
baseband signal corresponding to an analog television for- wherein the first and second output terminals provide
mat and a second output signal being an audio baseband 15 signals indicative of video and audio information

signal corresponding to the analog television format.
5. The television receiver of claim 4, further comprising:
a first decoder circuit coupled to decode the video base-
band signal for providing video display signals corre-
sponding to the analog television format; and
a second decoder circuit coupled to decode the audio
baseband signal for providing audio signals corre-
sponding to the analog television format.
6. The television receiver of claim 5, wherein the first
decoder circuit comprises a PAL/SECAM/NTSC decoder
circuit.
7. The television receiver of claim 1, wherein the signal
output circuit provides a first output signal and a second
output signal corresponding to the digital output signals, the
first output signal and the second output signal being dif-
ferential output signals corresponding to a digital television
format.
8. The television receiver of claim 7, further comprising;:
a demodulator circuit for demodulating the first output
signal and the second output signal according to the
television signal format of the input RF signal, the
demodulator circuit generating video and audio base-
band signals corresponding to the format of the input
RF signal; and

a decoder circuit coupled to decode the video and audio
baseband signals for providing video and audio display
signals corresponding to the digital television format.

9. The television receiver of claim 8, wherein the video
and audio baseband signals comprise a MPEG data stream
and the decoder circuit comprises a MPEG decoder circuit.

10. The television receiver of claim 1, further comprising:

a bandpass filter coupled to receive the intermediate

frequency signal from the frequency conversion circuit
and generate a filtered intermediate frequency signal,

20
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encoded in the input RF signal and the third output
terminal provides signals indicative of audio informa-
tion encoded in the input RF signal.

14. The television receiver of claim 13, wherein the first
driver circuit comprises a single-ended driver circuit for
driving analog output signals corresponding to an analog
television format, the analog output signals being video
baseband signals; and the third driver circuit comprises a
single-ended driver circuit for driving analog output signals
corresponding to the analog television format, the analog
output signals being audio baseband signals.

15. The television receiver of claim 13, wherein the
second driver circuit comprises a differential output driver
circuit for driving analog output signals corresponding to a
digital television format, the analog output signals being
DTV low-IF signals, and wherein the second output terminal
comprises a first differential output terminal and a second
differential output terminal.

16. The television receiver of claim 13, wherein the signal
output circuit further comprises:

a low pass filter coupled between the first digital-to-
analog converter and the first and second driver cir-
cuits, the low pass filter providing low pass filtering
function.

17. The television receiver of claim 13, wherein the signal

output circuit further comprises:

a low pass filter coupled between the second digital-to-
analog converter and the third driver circuit, the Jow
pass filter providing low pass filtering function.

18. The television receiver of claim 1, wherein the signal

output circuit comprises:

a first digital-to-analog converter coupled to receive digi-
tal output signals from the signal processor and convert
the digital output signals to analog output signals;

and 50  a first driver circuit for driving the analog output signals
a variable gain amplifier coupled to receive the filtered from the first digital-to-analog converter onto a first
intermediate frequency signal and provide the ampli- output terminal,;
fied, filtered intermediate frequency signal to the ana- a second driver circuit for driving the analog output
log-to-digital converter. signals from the first digital-to-analog converter, the
11. The television receiver of claim 1, wherein the signal 55 second driver circuit comprising a differential output
output circuit provides output signals in an analog or a driver circuit having a first differential output terminal
digital signal format. and a second differential output terminal, the first
12. The television receiver of claim 1, wherein the signal differential output terminal being coupled to the first
output circuit comprises one or more output terminals, each output terminal and the second differential output ter-
of the one or more output terminals of the signal output 60 minal being coupled to a second output terminal;
circuit comprises a single-ended output terminal or a differ- a second digital-to-analog converter coupled to receive
ential output terminal. digital output signals from the signal processor encod-
13. The television receiver of claim 1, wherein the signal ing audio information and convert the digital output
output circuit comprises: signals to analog output signals; and
a first digital-to-analog converter coupled to receive digi- 65  a third driver circuit for driving the analog output signals

tal output signals from the signal processor and convert
SilicofPe 817! ePLRYS sigrplidfoggplos output signals;
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wherein the first and second output terminals provide
differential output signals indicative of video and audio
information encoded in the input RF signal when the
input RF signal has a digital television signal format;
and the first output terminal provides video information
encoded in the input RF signal and the second output
terminal provides signals indicative of audio informa-
tion encoded in the input RF signal when the input RF
signal has an analog television signal format.

19. The television receiver of claim 18, wherein the signal

output circuit further comprises:

a low pass filter coupled between the first digital-to-
analog converter and the first and second driver cir-
cuits, the low pass filter providing low pass filtering
function.

20. The television receiver of claim 1, wherein the signal

output circuit comprises:

a first serializer circuit coupled to receive the digital
output signals from the signal processor and convert the
digital output signals to a serial digital data stream;

a first driver circuit comprising a differential output driver
for driving the serial digital data stream from the first
serializer onto a first output terminal and a second
output terminal;

a first digital-to-analog converter coupled to receive digi-
tal output signals from the signal processor encoding
audio information and convert the digital output signals
to analog output signals; and

a second driver circuit for driving the analog output
signals from the first digital-to-analog converter onto a
third output terminal,

wherein the first and second output terminals provide
differential output signals indicative of video and audio
information encoded in the input RF signal when the
input RF signal has a digital television signal format
and provide differential output signal indicative of
video information when the input RF signal has an
analog television signal format; and the third output
terminal provides signals indicative of audio informa-
tion encoded in the input RF signal when the input RF
signal has an analog television signal format.

21. The television receiver of claim 20, wherein the first,
second and third output terminals of the signal output circuit
are coupled to a demodulator-decoder circuit, the demodu-
lator-decoder circuit demodulating the serial digital data
stream when the data stream corresponds to a digital tele-
vision format and the demodulator-decoder circuit decoding
the serial digital data stream when the data stream corre-
sponds to an analog television format.

22. The television receiver of claim 20, wherein the signal
output circuit further comprises:

a second digital-to-analog converter coupled to receive
the digital output signals from the signal processor and
convert the digital output signals to analog output
signal; and

Silicon Labs v. Cresta Technology
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a third driver circuit for driving the analog output signals
from the second digital-to-analog converter onto a
fourth output terminal,

wherein the fourth output terminal provides signals
indicative of video information encoded in the input RF
signal when the input RF signal has an analog televi-
sion signal format.
23. The television receiver of claim 20, wherein the signal
10 output circuit further comprises:

a second serializer circuit coupled to receive the digital
output signals from the signal processor and convert the
digital output signals to a serial digital data stream; and

a third driver circuit comprising a differential output
driver for driving the serial digital data stream from the
second serializer onto a fourth output terminal and a
fifth output terminal,

wherein the first and second driver circuits drive the serial
digital data stream corresponding to a digital television
format and the fourth and fifth driver circuits drive the
serial digital data stream corresponding to an analog
television format.

24. The television receiver of claim 1, wherein the plu-
rality of finite impulse response filters are stored in a
memory, and the signal processor indexes the memory to
retrieve one of the plurality of finite impulse response filters.

25. The television receiver of claim 1, wherein the signal
processor comprises a first computing unit and a second
computing unit, the first computing unit processing a real
part of the finite impulse response filter operation while the
second computing unit processing an imaginary part of the

finite impulse response filter operation.

35 26. The television receiver of claim 1, further comprising

a format/standard selection circuit coupled to the signal
processor, the format/standard selection circuit generating a
select signal indicative of a format of the input RF signal and
the signal processor selecting a finite impulse response filter

40 :
in response to the select signal.

27. The television receiver of claim 26, wherein the
format/standard selection circuit generates the select signal
in response to an input signal from a user.

45 28. The television receiver of claim 26, wherein the

format/standard selection circuit generates the select signal
by detecting carrier signals identifying one of the formats of
the input RF signals.

29. The television receiver of claim 1, wherein the input
RF signal comprises an RF signal received from terrestrial
broadcast, an RF signal received from satellite broadcast,
and an RF signal received from cable transmission.
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