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1

BROADBAND RECEIVER HAVING A
MULTISTANDARD CHANNEL FILTER

CROSS-REFERENCE TO RELATED

US 7,075,585 B2

2

Television receiver 10 includes a channel filter 18 and a
demodulator 20 for converting the IF signal to video and
audio baseband signals. Channel filter 18 is typically a
discrete filter implemented as a SAW (Surface Acoustic

APPLICATION 5 Wave) filter. The shape of the SAW filter is designed
lovision tandsrd (NTSC, PAL o SECAMD of fe telovi
The present application claims the benefit of U.S. Provi- television stan ) or of the televi-
sional Patent Application No. 60/322,548, filed Sep. 17, siox} signals being received. l?emodulalgr 20 is typically a
2001, and entitled “Broadband Receiver for Multistandard dedlgatzd C;Jmpc?nent zmd1 %esxgned sgemﬁ;zlly fora gretie-
Analog TV, Digital TV, and Data Channels”, which appli- 10 termined television signal format and a predetermined tele-
cation is incorporated herein by reference in its entirety. vision standard.
When television receiver 10 is a multi-standard receiver,
FIELD OF THE INVENTION a bank of channel filters 18a to 18c is provided, each of the
channel filters designed for a specific format and standard.
The present invention relates to a television signal !° To support m.ultl-standard. reception, a bank ofdemodul.at‘ors
receiver, and in particular, the present invention relates to a 204 to 20c is also provided, each demodulator receiving
broadband television signal receiver for receiving multi- filtered signals from a corresponding channel filter. For
standard analog television signals, digital television signals ~ analog television signal reception, the demodulator is a
and data channels, VIF/SIF module. The VIF/SIF module provides a video
20 output called CVBS (Composite Video Baseband Signal)
DESCRIPTION OF THE RELATED ART and audio outputs, such as MPX or A2. For digital television
signal reception, the demodulator is a digital demodulator
A television or video recorder includes a television signal fpisally inchuding 2 down-cp ST o sRlogHD-digital
p 5 ; : : converter and other supporting circuitry to perform the
receiver (or television receiver) to receive terrestrial broad- . ;- :
s : S 25 demodulation. The digital demodulator outputs data in a
cast, cable television or satellite broadcast television signals MPEG data stream
and to process the television signals into the appropriate Ay 3 0.3 :
< : . . » : The conventional multi-standard television receivers have
video signals for display or for recording. Television signals . . . fl .
. s . . several shortcomings. First, conventional television receiv-
are transmitted in analog or digital formats and in accor- di 1 4 digital Th .
dance with a variety of standards. For analog television A e i W s -
£ ) P s 30 ers are typically bigger in size and more costly to manufac-
transmission, the NTSC (National Television Standards ; i £
: ; ture. Second, the conventional multi-standard television
Committee) standard, the PAL (Phase Alternate Lines) stan- 5 - 2 g
. : receivers require duplicate components to support the dif-
dard, and the SECAM (Sequential Couleur Avec Memoire) it :
. . ferent television standards. Consequently, such multi-stan-
standard are widely adopted. On the other hand, for digital s : 2 g
s ok o dard television receivers are large in dimensions and costly
television transmission, the DVB (Digital Video Broadcast) 35 ‘o manufactiie
format and the ATSC (Advanced Television Standards Com- s : ; ;
. ;i . . Therefore, it is desirable to provide a multi-standard
mittee) format are available. Because the different television o s < : .
. o ;i ; television receiver that is cost effective to manufacture and
formats and different television standards are incompatible, h . e
£ : 2 : as acceptable performance when receiving television sig-
television receivers are traditionally made specifically for nals from a variety of sources
the analog or digital format and for a specific standard. Thus, 5 '
teleyisions or \{ideo recording equipmt?nts are dedicatgd SUMMARY OF THE INVENTION
equipments which can only be used in the geographic
LeEIONS, 10 which the _telev1slon standard is broad(fasted. A television (TV) receiver includes a multi-standard chan-
Multi-standard equipments are known. In most instances,  nel filter with a programmable intermediate frequency
multi-standard equipments are built by duplicating the hard- 45 adapted to receive television signals in a variety of television
ware necessary o receive te]evi.sion si.gna]s in diﬂ"ere.nt standards and formats.
formats and in several stamjlards, Increasing the complexity According to one embodiment of the present invention, a
and the cost of manufacturing the equipments. receiver includes a tuner and a channel filter. The tuner
FIG. 1 is a block diagram of a conventional television receives input RF signals encoding information in one of a
receiver. The operation of television receiver 10 includes 5o number of formats and converts the input RF signals to
two main components. First, receiver 10 receives the incom- intermediate signals having an intermediate frequency (IF).
ing signal and converts the incoming radio frequency (RF) The intermediate signals are coupled to the channel filter.
signal to an intermediate frequency (IF) signal. Then, The channel filter includes an anti-aliasing filter for filtering
receiver 10 converts the IF signal to the baseband signals. the intermediate signals, an analog-to-digital converter for
The baseband signals are coupled to appropriate video and ss sampling the filtered intermediate signals and generating a
audio decoders to generate the display signals (e.g. RGB) or digital representation thereof, and a signal processor for
sound. p.rocessi.ng the digital _representation of tl}e intermgdiate
Referring to FIG. 1, television receiver 10 includes a tuner ~ signals in accordance with the format of the input RE signal.
14 for receiving the input RF signal on input terminal 12and ~ The s1fgplz:} processor gensrz:ite:s dlhgn{:xl outpRu; sx.gnalls indica-
converting the RF signal to an IF signal by one or more 60 tive of information encoded in the input signal.
frequency conversions. The frequency conversions are gen- In one embodiment, the formats of the input RF signals
erally implemented as single or dual super-heterodyne con- include analog television signals and digital television sig-
versions. In conventional television receivers, the interme- nals.
diate frequency is dictated by the geographical area the In another embodiment of the present invention, the
receivers are to be used. Currently, there are five interme- 65 receiver further includes a bank of demodulators, each
diate frequencies being used in the world. For example, in coupled to receive digital output signals from the signal
the United States, the IF is 41 to 47 MHz. processor. Bach of the demodulators operates to demodulate
Silicon Labs v. Cresta Technology 7
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the digital output signals according to one of the formats of
the input RF signal and generates the corresponding video
and audio baseband signals.

The present invention is better understood upon consid-
eration of the detailed description below and the accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

4

integrated tuner is a matter of design choice. In one embodi-
ment, the IF is selected to be 20 MHz or higher.

Next, TV receiver 50 includes multi-standard channel
filter 58 for filtering and processing the intermediate signals
from tuner 54. Multi-standard channel filter 58 includes an
anti-aliasing filter 60, an analog-to-digital converter (ADC)
62 and a digital signal processor (DSP) 64. As described
above, channel filter 58 is capable of receiving intermediate
signals from tuner 54 having any intermediate frequency.

FIG. 1 is a block diagram of a conventional multistandard 10 Furthermore, channel filter 58 digitizes the incoming tele-

television receiver. visions signals and performs subsequent processing in the

FIG. 2 is a block diagram of a television receiver accord-  digital domain entirely. Thus, by applying the appropriate

ing to one embodiment of the present invention. sampling frequency at the ADC circuit and the appropriate

FIG. 3 is a circuit diagram of an anti-aliasing filter which signal processing fur'lc_tlons.at the ]?SP circuit, channel filter

can be used to construct the anti-aliasing filter of FIG. 2. 13 5,8 can. hand’le television signals in any format (analog or
. o A p digital) and in any standard (NTSC, PAL or ATSC).

FIG. 4 is a circuit diagram of an anti-aliasing filter which G :

P Anti-aliasing filter 60 performs pre-processing of the
can be used to construct the anti-aliasing filter of FIG. 2. : ; : -

FIG. 5 i f 5 Bl fefon 1 b intermediate signals from tuner 54 to prevent aliasing from
imol ) lsda. “;iveDOg; Of I?I G ;r f DISERA, thnt canl e occurring when the intermediate signals are subsequently
iggvz?oe?;g;:ls © 0 - £ lor processing analog ,, sampled and digitized by ADC 62. In one embodiment,

: anti-aliasing filter 60 can be realized with a SAW filter. In
another embodiment, anti-aliasing filter 60 is implemented

DE;@%S&%%Sgﬁggg%ngHE as shown in FIG. 3 using capacitors and inductors. In yet
another embodiment, anti-aliasing filter 60 is realized with

. L. . ) 25 transconductors (gmC) 99 as shown in FIG. 4. After the

In accordance with Fhe principles of the present invention, filtering operation, ADC 62 operates to sample the filtered
a te]ev1§10n (TV) receiver m.cludes a mu]tl-slandard channel intermediate signals to generate a digital representation
filter w;th a progfammable intermediate frequency adapted thereof. In the present embodiment, ADC 62 is a 10-bit
to receive television signals in a variety of television stan- converter and has a sampling rate of up to 40 megasamples
dards and formats. Iu. one em{aodiment, the channel filter ,, per second.
accepts a preselected intermediate ﬁeguency regardless of The center frequency of anti-aliasing filter 60 and the
the standards or formats of t_h_e te]evmqn sigr'lals. In opera- sampling frequency of ADC 62 are selected based on the
tion, lthe iiham:f} ﬁ]ter‘ nglmzes the. mCO;mtlkllg t‘elev1sgon intermediate frequency of the intermediate signal. In one
Signa's and periorm sigoal processing of the mncoming embodiment, both the center frequency of anti-aliasing filter
signals in the digital domain. By processing all signals inthe 35 60 and the sampling frequency of ADC 62 are set to be at
dll,gltf‘ﬂ domzm, ﬂelfl ;‘FV reclelver of the presenthmventxon least twice the bandwidth of the intermediate frequency
eliminates the need for analog components, such as SAW signal. Wh % : ;

¢ : - gnal. en anti-aliasing filter 60 is constructed using

ﬁlterls. Thus, the TV receiver of the present invention can be transconductors as shown in FIG. 4, the center frequency of
readily integrated in one integrated circuit to reduce the size anti-aliasing filter 60 can be adjusted by varying the voltage
and the r.nanufacturmg cost pf the receiver. Furthermore, the 4, Vet of transconductors 99. The sampling frequency of
T_V receLver of the present nyention reconﬁgure;s the Same ADC 62 can be adjusted by using a voltage controlled
f:lrculllt modgles to sup(f)og rr;pltl-standard reception, obviat-  ogcillator and a phase locked loop. In the present embodi-
ing the need to provide duplicate components. ment, a tunin 1 circui s Foen

. ; i . , g control circuit 67 is included for adjusting the
) FIG.2is a blOFk diagram of a tele\_uslon TeceIver ac{cord- center frequency of anti-aliasing filter 60 and the sampling
ing to one err.lb.odlmen.t of the present invention. Refemng 10 45 frequency of ADC 62. Tuning control circuit 67 can receive
FIG}-IZ, telev1s_101;11 receiver 50 receives input RbFl Sllgn‘ilS, such  acontrol signal external to TV receiver 50, such as a manual
as those received on an antenna or on a cable line, on an control signal from a user. Tuning control circuit 67 can also
input terminal 52. The input RF signals are coupled to a  perform auto-detection of the intermediate frequency of the
tuner 54 which operates to convert the input RF signal to an intermediate signals and adjust the operating frequencies of
11".1term;dlate s1gnlal using gge or mo;e frequc.sllcly COﬂé’eri 50 the anti-aliasing filter and the ADC accordingly.
sions. For example, tuner 54 can perform a single or dua After the intermediate signal is filtered and digitized, the
super-he?erodype conversion. ) In one embo.diment Qf the digital representation of the signal is processed by DSP 64.
present invention, tuner 54 is a commercially available DSP 64 processes the digital signals according to the tele-
discrete component and outputs intermediate signals having vision standard to which the input RF signal is encoded.
an intermediate frequency (IF) that is determined by the ss  In the present embodiment, channel filter 58 includes a
geographic region of interest. That is, the IF of tuner 54 is standard selection circuit 68 for selecting between the sev-
based on worldwide standards specified for each geographic eral analog television standards and the several digital
region. television standards. DSP 64 applies the appropriate filter

In another embodiment of the present invention, tuner 54 function, such as an impulse response, to the digital signals
is an integrated component of receiver 50. In that case, tuner 60 depending on the state of standard selection circuit 68. In
54 can be designed to generate intermediate signals having one embodiment, the coeflicients of the filter functions are
an intermediate frequency of any values. The IF used by stored in a look-up table in a memory 70. DSP 64 retrieves
tuner can be the same as or different than the IF specified by the coefficients from memory 70 to be applied to the
the worldwide standards. More importantly, because TV incoming digital signals.
receiver 50 includes a multi-standard channel filter 58, tuner 65  DSP 64 is a programmable and reconfigurable processor.

54 can use the same IF for receiving analog or digital
television signals in any standards. The value of the IF in an

In the present embodiment, DSP 64 implements a finite
impulse response (FIR) filter which is reconfigured based on

Silicon Labs v. Cresta Technology
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the TV standard selected. Furthermore, in the present
embodiment, DSP 64 includes two computing units to speed
up the computation time. Specifically, the filtering opera-
tions of the real and imaginary parts in the frequency domain
are carried out in parallel. In other embodiments, DSP 64
may include only one computing unit.

Standard selection circuit 68 can be implemented in one
of many ways. The selection of the correct standard can be
made manually by the user of the television system, such as

6

such as a video and sound decoder, thereby providing
compatibility with existing television components. An addi-
tional digital-to-analog converter may be coupled to the
output terminal of demodulator 66« if analog output signals
are desired.

Digital demodulator 665 operates to decode the incoming
digital television signal. Typically, digital television signals
are modulated in a VSB, QAM or COFDM scheme. Digital
demodulator 665 generates an MPEG data stream as output

by activating a switch, or the selection can be made auto- 10 signals, thereby providing compatibility with other existing
matically by providing an auto-detection capability in TV television components.

receiver 50. In the present embodiment, auto-detection is In one embodiment of the present invention, TV receiver
implemented by detecting in the baseband signals the pres- 50 is an integrated circuit where tuner 54, channel filter 58
ence or absence of carrier signals which uniquely identify and demodulators 66 are all integrated onto the same piece
the television standards. For example, analog television 15 ofintegrated circuit. In another embodiment, TV receiver 50
signals can be identified by the analog visual carrier signal ~ can be manufactured as two or more integrated circuits.
while digital television signals can be identified by the pilot The advantages of the television receiver of the present
carrier. Each demodulator in bank 66 generates a signal  invention are numerous.

which is fed back to standard selection circuit 68 indicating First, the television reciever of the present invention can
which television standard the input signal is encoded. In 20 be configured as a broadband receiver for receiving multi-
other embodiments, other means for selecting between the standard analog or digital television signals, and broadcast
different standards can be used. data channels. Furthermore, the receiver can be configured

When the input RF signal is an analog television signal, to receive analog television chgnnels from different teleyi-
DSP 64 applies a video filter function and a sound filter sion standards. Thus, the television receiver can be readily
function to the digitized signals to separate the video signals 25 adaptable for use worldwide for television reception.
from the audio signals. The video and sound filters can be Second, the television receiver of the present invention
implemented as FIR filters. An example of such filter can be used to receive television signals distributed in any
function is shown in FIG. 5. DSP 64 can also implement ~ Manner and provides excellent reception performance. Thus,
other filter functions such as ghost cancellation for reducing ~ the TV receiver of the present invention can be used for the
the interference of the input signal. The filter response is 30 rec%;;.tign ‘;lf teniest.ri.a] broadcast ani('jt;:)ab]e fransmission.
then derived from the measured channel response. ird, the television reciever of the present invention

; : : s o : eliminates the needs for analog components, such as SAW
Ds\gltliinag;j :;pau;ﬂl:; ;ﬁ:;lo:lst s t(tilleggiaglittiezls(\;l;ilga]s S]g-?ilé ﬁlters.‘Therefore, all the circuit modules of the TV recei\./er,
filter function can be implemented as a FIR filter. An including filtering funcpions, equalhizer, ghost cancellation
example is the ATSC-VSB standard where the filter response 23 fmd video an.d sc?und Sle?r can be integrated onto the Same
is specified as raised root cosine with 0.114 roll-off (refer to mtegrated el Increasmg'the levgl of ROMIECIRENE Te~
the ATSC A-83 specification). Furthermore, additional filter ~ 8ration has the effect of reducing the size of the receiver and
functions, such as an equalizer for echo cancellation (mul- the mamifactifing 05 theregf. ; .
tipath), can also be implemented in DSP 64. The filter La;tly, _the television receiver Of. the present sEgEnn
response is then derived from the measured channel “° prQV{des interfaces that are compatible w1'tl'1 1nterfa.ces of
response. tel)l(lstmg coinponentt.s. Spec1ﬁ_(cia11y, P(kile telev(lisllon r(zcell\zgrE (g

The output signals from channel filter 58 are coupled to a S A o S A A i N il
bank of demodulators 66 for generating into the appropriate :)1;tp1.1t. signals dtga(tl e ct(;lmpa;:ble Wl.th analogbor dl%lit;i .
video and audio baseband signals. The video and audio S.SVINION SiEmOaes S0 ey e feechier e De:deany
baseband signals are usually coupled to video and audio 45 Boap S ol televx-sm.n A :
decoders before being displayed or plavback on a view Tk}e above dgtalled descriptions are prov1§ied to illustrate

. clspayl piay specific embodiments of the present invention and are not
Screen. . i intended to be limiting. Numerous modifications and varia-

In the present embodiment, demodulators 66 include a  jons within the scope of the present invention are possible.
demodulator for an'aliog te}ev;smn signals 66a, a demodula- 5, The present invention is defined by the appended claims.
tor for digital television signals 665 and a demodulator 66¢ We claim:
for digital data channels. 1. A receiver comprising:

Analog demodulator 66a performs demodulation of the a tuner for receiving input RF signals and for converting
analog television signals in the d]gltal domain. In cases said input RF Signals to intermediate Signa]s having an
where analog demodulator 66a receives analog input signals ss intermediate frequency (IF), said input RF signals
only, a digital-to-analog converter (DAC) (not shown) can encoding information in one of a plurality of formats;
be included between the output terminal of DSP 64 and the and
input terminal of analog demodulator 66a. a channel filter for receiving the intermediate signals, said

Analog demodulator 66a provides three output signals: a channel filter comprising:

Composite Video Baseband Signal (CVBS) containing the 60 an anti-aliasing filter -for filtering said intermediate
video information, and audio 1 and audio 2 containing the signals;

audio information. Audio 1 and audio 2 signals can be AM an analog-to-digital converter for sampling said filtered
modulated, FM modulated or Intercarrier signals. The inter- intermediate signals and generating a digital repre-
carrier signal is a signal that can contain any format of sentation thereof;

modulated sound. It is usually connected to an external 65 a signal processor for processing said digital represen-
audio decoder. By using standard output signals, TV receiver tation of said intermediate signals in accordance with
50 can readily interface with other standard components, said format of said input RF signal, said signal

Silicon Labs v. Cresta Technology 9
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processor generating digital output signals indicative
of information encoded in said input RF signal; and

a plurality of demodulators, each coupled to receive
output signals from said signal processor, each of
said demodulators for demodulating said digital out-
put signals according to one of said formats of said
input RF signal, each of said demodulators generat-
ing video and audio baseband signals corresponding
to said format of said input RF signal.

2. The receiver of claim 1, wherein said plurality of
formats comprise an analog television format and a digital
television format.

3. The receiver of claim 1, further comprising:

a digital-to-analog converter coupled between said signal
processor and a first one of said plurality of demodu-
lators, said digital-to-analog converter converting said
digital output signals to an analog format.

4. The receiver of claim 1, wherein said intermediate

frequency comprises a frequency value specified by one or

—

0

—

5

8

13. The receiver of claim 10, wherein said channel filter
further comprises a standard selection circuit coupled to said
signal processor, said standard selection circuit generating a
select signal indicative of a format of said input RF signal
and said signal processor selecting a finite impulse response
filter in response to said select signal.

14. The receiver of claim 13, wherein said standard
selection circuit generates said select signal in response to an
input signal from a user.

15. The receiver of claim 13, wherein said standard
selection circuit generates said select signal by detecting
carrier signals identifying one of said formats of said input
RF signals.

16. The receiver of claim 1, wherein said input RF signals
comprise RF signals received from one of terrestrial broad-
cast, from satellite broadcast, and from cable transmission.

17. A method for receiving input RF signal comprising:

receiving said input RF signals encoding information in

one of a plurality of formats;

more television standards. 20 . i . . . .

5. The receiver of claim 1, wherein said intermediate convertng sa.1d nput .R'F signals to intermediate signals
frequency comprises a frequency value other than those hav.mg an mtermed;ate.frequeno':y;. . .
specified by one or more television standards. applymg a first filter fu.nctlon. to said 1n.terr.ne(.ilate signals,

6. The receiver of claim 1, wherein a center frequency of said first filter function being an anti-aliasing filter and
said anti-aliasing filter and a sampling frequency of said 25 having a center frequency;
analog-to-digital converter are functions of said intermedi- digitizing said filtered intermediate signals at a sampling
ate frequency. frequency;

7. The receiver of claim 6, wherein said channel filter processing said digitized signals in accordance with said
further comprises a tuning control circuit for adjusting said format of said input RF signals and generating digital
center frequency and said sampling frequency to frequency 30 output signals indicative of information encoded in said
values derived from said intermediate frequency. input RF signals; and

8. The receiver of claim 1, wherein said anti-aliasing filter demodulating using a plurality of demodulators said pro-
comprises a transconductance (gmC) filter function. cessed digitized signals to generate baseband signals

9. The receiver of claim 1, wherein said analog-to-digital corresponding to said format of said input RF signals.
converter is a 10-bit converter. 35

10. The receiver of claim 1, wherein said signal processor
applies one of a plurality of finite impulse response filters to
said digital representation of said intermediate signal, each
of said plurality of finite impulse response corresponding to
a format of said input RF signal.

11. The receiver of claim 10, wherein said plurality of
finite impulse response filters are stored in a memory, and
said signal processor indexes said memory to retrieve one of
said plurality of finite impulse response filters.

12. The receiver of claim 10, wherein said signal proces-
sor comprises a first computing unit and a second computing
unit, said first computing unit processing a real part of said
finite impulse response filter operation while said second
computing unit processing an imaginary part of said finite
impulse response filter operation.
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18. The method of claim 17, wherein said plurality of
formats comprise an analog television format and a digital
television format.

19. The method of claim 17, wherein said processing said
digital signals is performed in response to a select signal
indicative of said format of said input RF signal.

20. The method of claim 19, further comprising:

generating said select signal by detecting carrier signals in

said input RF signal identifying said format of said
input RF signal.

21. The method of claim 17, wherein said center fre-
quency and said sampling frequency are functions of said
intermediate frequency.
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