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DUAL MODE TUNER FOR CO-EXISTING 
DIGITAL AND ANALOG TELEVISION 

SIGNALS 

RELAfED APPLICATIONS 

'I'his application is related to application entitled 
INTERFERENCE-FREE BROADBAND TELEVISION 

2 
not been standardized to date, there are common pieces 
among the proposed formats, Primarily, the digital signal is 
expected to have band shape that is fairly flat across approxi
mately 6 MHz. This 6 MHz bandwidth could have within it 

5 several different selectable regions ( channels) of intelligent 
signals. The digital TV reference signal will be small and 
would be about 6 dB below the average pictures (or desired 
data) signal level. The digital signal would have information 

TUNER assigned Ser. No. 08/904,906, application entitled 
BROADBAND INTEGRATED TELEVISION TUNER 10 

assigned Ser. No. 08/904,908 and copending application 
BROADBAND FREQUENCY SYNTHESIZER assigned 
Ser. No. 08/904,907, all of which are filed concurrently 
herewith and assigned to a common assignee, which appli

spread uniformly across tbe 6 MHz band. Sound would be 
part of the signal and there would not be a separate digital 
sound carrier. Thus, the tuner must be functional to capture 
each 6 MHz band and then allow for decoding therefrom one 
or more channels of programming or data. 

Whichever final standards are chosen for digital cations are hereby incorporated by reference herein. 

TECHNICAL FIELD OF THE INVENTION 

This invention relates to television receiver tuners and 
more particularly to such tuners that are used to detect and 
process both digital and analog signals. 

BACKGROUND OF THE INVENTION 

Conventional tuners are composed of discrete devices, 
such as tuning coils, tracking filters and phase locked loop 
filters, which require manual tuning. These external tuning 
requirements result in extra expense and add time to the 
manufacturing process. Generally, prior art tuners arc 
designed to process a narrow range of frequencies at anyone 
time. This is accomplished by a tracking filter on the front 
end of the tuner. As the receiver is tuned across the fre 
quency band during a channel change the tracking filter is 
tuned to allow only a few channels to pass into the tuner. As 

15 television, there will be significant variations between the 
analog and digital signal formats. Therefore, existing pro
cessors which currcntly handle analog signals will not bc 
able to process future digital signals. An example of a 
television tuner having no front end tracking illter is dis-

20 closed in the above-referenced co-pending application 
entitled MONOLITHIC TELEVISION TUNER. However, 
the television tuner disclosed in that application for patent 
does not provide for tuning television signals in more than 
one format. Therefore, in order to receive both analog format 

25 signals and digital format signals, a television would have to 
use two or more of such tuners, where each tuner is designed 
to receive a different format. If a television llsed multiple 
tuners, it would also need some way of determining when to 
select between the various tuners in order to properly receive 

30 different channels that each have a different format. 

SUMMARY OF THE INVENTION 

a result, the tuner circuit only has to work with a few 
channels instead of the entire bandwidth. For example, in a 
cable television system the tuner would allow only a few 35 

channels to enter the receiver front end, instead of the full 
100 or more channels in the total cable set. The cable 
channels could be at full strength of about 15 dBmY. The 
effect of the tracking filter is to reduce the dynamic range 
required in the front end of a conventional receiver. 40 

'lbe present invention allows both analog and digital 
signals to be received by a single tuning circuit which may, 
if desired, he embodied as a s.ingle integrated device. The 
narrow band tracking filter of the prior art is replaced by a 
front end filter having a wide band pass that permits all 
channels in a desired band to pass into the circuit. Frequen
cies above the desired band are rejected. 

For analog television signals there is a large picture carrier 
which contains most of the power, this requires a large 
receiver dynamic range. The analog television signal wave
form is vestigial side band (VSB), which is similar to single 45 

side band transmission. However, in VSB transmissions 
there is some signal spillage over to the unwanted side band. 

A dual conversion circuit is used to convert a desired 
channel in the received signal to an intermediate frequency 
for further processing. The first mixer of the conversion 
circuit has a high dynamic range which allows it to receive 
all channels, voltage controlled oscillators (VCOs) driven by 
multiple phase locked loops (PLLs) are used to provide the 
local oscillator (LO) signal for the conversion circuit mixers. 
The PLLs allow for precisely stepped LO frequencies in the 
conversion circuit. 

A first intermediate frequency filter (FIFF) operates in 
conjunction with the second conversion circuit mixer to 
provide image rejection. Two second intermediate frequency 
filters (SIFFs) are selectively switched into the intermediate 
frequency (IF) signal path to create an overall bandpass 

To compensate for this unwanted spillover, a special filter is 
used ill tbe intermediate frequency (IF) processing portion of 
analog tuners to suppress the carrier approximately 6 dB to 50 

compensate for the difference in side band signal level. 
Typically, surface acoustic wave (SAW) filters are used to 
suppress the unwanted side band. It is critical that the carrier 
signal be positioned properly on the frequency response of 
the SAW filter to ensure that the picture carrier passes. 55 characteristic that is alternatively suitable for either digital 

or analog television signals. An automatic carrier detection 
(ACD) circuit monitors the output of both SIFFs and deter
mines whetber the signal being processed is in the digital or 
analog format. The output of the selected SIFF combination 

Analog television signals contain an audio carrier and a 
chroma carrier in addition to the main picture carrier signal. 
The audio carrier frequency is 4.5 MHz higher than the 
picture carrier. Nonnally tbere is a filter, such as the SAW 
filter in the IF, which suppresses the audio carrier approxi
mately 20 dB to prevent intermodulation problems between 
the carriers in the video cbannel. The picture carrier, audio 
carrier and chroma carrier tend to beat together and cause 
spurious signals. 

Digital television signals can be used instead to overcome 
the problems caused by the format of analog television 
signals. Although the format for digital television signals has 

60 is an IF signal that is provided either to an off-chip decoder 
device or to additional on-chip circuitry [or further process
ing. 

A coherent oscillator (COHO) circuit is used to create 
both in-phase (00 pbase shift) and quadrature (90 0 pbase 

65 shift) reference signals from the IF signal. A frequency 
discriminator monitors the output of tbe COHO to ensure 
proper signal tracking. 
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A first mixer receives the in-phase reference signal and 
operates as either a video detector for analog signals or an 
in-phase detector for digital signals. The video detector 
provides signals to both composite video and digital 

4 
made to the following descriptions taken in conjunction with 
the accompanying drawings, in which: 

FIG. 1 is a high level block diagram of the disclosed dual 
mode tuner; 

FIG. 2 is a block diagram of the phase locked loops and 
voltage controlled oscillators that are used to providt: the 
local oscillator signals for the disclosed dual mode tuner; 

FIG. 3 shows tbe automatic carrier detection circuit used 

I -channel circuits for further processing. A third signal from 5 

the video detector is provided to an automatic gain control 
(AGC) circuit. The AGC circuit controls the overall gain by 
adjusting the gain of an IF amplifier at the output of the 
SIFFs and a delayed amplifier at the front end of the tuner. 

10 in the present invention; 
A second mixer receives the quadrature reference signal 

from the COHO and operates as either an audio down 
couverter for analog signals or a quadrature detector for 
digital signals. The audio down converter provides signals to 
an audio detector and to a digital Q-channel circuit. 

FIG. 4 shows the coherent oscillator circuit of the present 
invention; 

FIG. 5 shows the Gilbert cell mixer circuit used as a 
detector in the present invention; 

The overall operation of the circuit is such that a broadcast 15 

signal is received through the front end filter and then 
converted to an IF signal by the dual conversion circuit. The 

FIG. 6 (shown on sheet 3 of the drawings) shows the 
automatic gain control circuit of the invention; 

FIG. 7A shows the preferred embodiment of the sound 
trap circuit used in the present invention; IF signal then passes through the SIFFs while the ACD 

circuit monitors the outputs of the SIFFs to determine 
whether the signal is in analog or digital fo rmat. Once the 20 

signal type is determined, the second SIFF is switched in or 
out of the IF signal path as appropriate to provide the proper 
overall bandpass characteristic for that signal type. The 
output of the SIFFs can be provided to an olI-chip decoder 
device or it may remain on-chip. For digital signals, after 25 

passing through the in-phase and quadrature detectors the 
signals are further processed and output as the digital I and 

FIG. 7B shows the frequency response of the sound trap 
circuit of FIG. 7A; 

FIG. 8 shows the preferred frequency response in the 
second intermediate frequency filters (SIFFs) for an analog 
signal and the relationship between the picture, chroma and 
audio carriers; and 

FIG. 9 shows the preferred symmetrical frequency 
response in the second intermediate frequency filters (SIFFs) 
for a digital signal. 

Q channels. For analog signals, after passing the video 
detector and audio down converter, the signals are processed 
and output as composite video and audio signals. 'Ibe overall 30 

control of the circuit is accomplished through a control 
interface circuit and a processor, such as a computer. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

These and other objects, features and technical advan
tages are achieved by a system and method in which digital 
and analog signal processing is accomplished in one device 
across the full digital and analog television band. The 
disclosed tuner is constructed with substantially all of the 
components on a single integrated circuit. FIG. 1 is a high 

It is one technical advantage of the present invention to 
provide a tuner circuit having a front end with a high 
dynamic range which allows reception and processing of all 35 

channels in a desired band. 
It is another technical advantage of the present invention 

to provide a tuner that is capable of determining whether a 
received channel contains an analog signal or a digital signal 
and after identifying the signal type automatically adjusting 
and optimizing the overall frequency response of the tuner. 

It is a further technical advantage of the present invention 
to provide a tuner which is capable of processing analog and 
digital signals on a single integrated device. 

It is a further technical advantage of the present invention 
to provide a tuner that can be used in a variety of applica
tions beyond a conventional television sct. The present 
invention can also be incorporated into a computer or other 
device as an integral component or as an add-in board. 

The foregoing has outlined rather broadly the features and 
technical advantages of the present invention in order that 
the detailed description of the invention that follows may be 
better understood. Additional features and advantages of tbe 
invention will be described hereinafter which form the 
subject of the claims of the invention. It should be appre
ciated by those skilled in the art that the conception and the 
specific embodiment disclosed may be readily utilized as a 
basis fo r modifying or designing other structures for carry
ing out the same purposes of the present invention. It should 
also be realized by those skilled in the art that such equiva
lent constructions do not depart from the spirit and scope of 
the invention as set forth in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present 
invention, and the advantages thereof, reference is now 

level block diagram which shows the components of the 
preferred embodiment of a dual mode tuner for coexisting 

40 digital and analog television signals. Signals enter tuner 10 
through low pass filter 100. The cut-off frequency for filter 
100 is selected based upon the television system in which 
tuner 10 is implemented. In the United States, filter 100 
would cut oU frequencies above approximately 806 MHz. In 

45 a European television system the cut-off frequency could be 
higher depending upon the frequency band of tbe relevant 
television channels. In either system, the cut-off frequency 
of filter 100 is selected to suppress image frequencies. The 
disclosed tuner 10 does not require a tracking filter on the 

50 front end. Instead filter 100 allows a broad band of frequen
cies to pass, subject only to the high frequency cutoff. 

The output of filter 100 is provided to variable-gain 
low-noise amplifier 101. Amplifier 101 is capable of oper
ating as a delayed automatic gain control (AGC) amplifier 

55 that is controlled by an AGC circuit. The AGC circuit that 
controls amplifier 101 will be discussed below in connection 
with item 60 and FIG. 6. Amplifier 101 provides delayed 
AGe to prevent the front end of tuner 10 from saturating. It 
is important that amplifier 101 is designed to have a very 

60 good noise figure, on the order of 5 or 6 dB, and very high 
intercept points to minimize distortion. 

Mixer 102 accepts the output of amplifier 101 as one of 
its inputs. The other input to mixer 1112 is a local oscillator 
(L01) signal generated by phase locked loop 1 (PLU) 21 . 

65 Both mixer 102 and amplifier 101 should have a very high 
dynamic range in order to handle the full television band . 
The television band can be up to 100 channels in the case of 
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cable television and the signal strength of each channel can 
be as high as +15 dBmY. Mixer 102 and amplifier 101 must 
have high third order and second order intercept points to 
minimize signal distortion. In the preferred embodiment, 
mixer 102 is a Gilbert cell mixer that has been designed to 5 

have a good noise figure and a high intercept point. 

audio suppression is 20 dB, so switch 108 would be selected 
to have 30 to 35 dB isolation. 

SIFFb 109 is designed to work in conjunction with SIFFa 
106 to provide the band pass characteristics that are neces
sary for analog television signal processing. A typical analog 
signal pass band is illustrated in FIG. 8. In the preferred 

Following mixer 102, the signal passes through first 
intermediate frequency filter (FIFF) 103. FIFF 103 is 
intended to select down from the entire television band to 
just a few channels. Accordingly, it has to handle the 6 MHz 
television channel bandwidth plus some extra bandwidth to 
account for tuning and fine tuning in the LOs. In the 
preferred embodiment, FIFF 103 will nominally be 15 MHz 
wide. FIFF can either be an on-chip or an off-chip device. In 
the preferred embodiment FIFF 103 would be on-chip, 
however, design considerations may require that an off-chip 
filter be uscd for FIFF 103. 

Mixer 104 receives the output of FIFF 103 and mixes it 
with a second local oscillator (L02) signal generated by 
PLL2 22 . PLL2 22 operates in conjunction with PPL3 23 
and PLL4 24. Mixer 104 is an image reject mixer that works 
with FIFF 103 to suppress image frequencies from the 
output of mixer 104. The signal coming out of filter 103 is 
split into two signals, one at 0° phase and the other at 90° 
phase. The second LO signal from PLL2 22 is also com
posed of signals at 0° and 90°. These signals are applied to 
two mixers, the output of which is combined with the effect 
of rejecting the image frequency. The dynamic range of 
mixer 104 does not have to be as broad as mixer 102 because 
FIFF 103 has the effect of filtering the signal down to just a 
few channels. 

The channel tuning in circuit 10 is accomplished by the 
L01 and L02 signals generated by tuning circuit 20. Coarse 
tuning is accomplished in mixer 102 by L01. In the pre
ferred embodiment, L01 is generated by PLL1 21 and has 
a step size of 5.25 MHz. Fine tuning is performed in mixer 
104 by L02. L02 is generated using three phase locked 
loops PLL2-4 22-24 and has a step size of 62.5 KHz. The 
operation of PLLl-4 21-24 will be further discussed as part 
of FIG. 2. 

Following mixer 104, the signal passes through amplifier 
105. Amplifier 105 provides gain for the signal before it goes 
into second intermediate frequency filter "a" (SIFFa) 106. In 
a preferred embodiment, SIFFa 106 and FIFF 103 would be 
on-chip. Design considerations may suggest using off-chip 
filters for FIFF 103, SIFFa 106 or SIFFb 109. In an alter
native embodiment, combinations of on-chip and off-chip 
filters may be used for FIFF 103, SIFFa 106 or SIFFb 109. 
SIFFa 106 is chosen to have a pass band that is suitable for 
digital television signals. The pass band would be relatively 
flat over a 6 MHz frequency span as illustrated in FIG. 9. 

Amplifier 107 amplifies the signal following SIFFa 106. 
If tuner circuit 10 is embodied so that filters 103, 106 and 
109 are off-chip devices, then they can typically be expected 
to have insertion loss of 3 to 15 dB. Amplifier 107 provides 
gain to compensate for the signal loss in SIFFa 106, and may 
not be required. 

method of operation, switch 108 selects SIFFb 109 into the 
signal path when an analog television signal is detected. As 
a result, the combined pass band through SlFFa 106 and 

10 SIFFb 109 will be similar to that shown in FIG. 8 and will 
he optimized for processing the analog signal. If a digital 
television signal is detected, switch 108 selects attenuator 
110 into the signal path. The resulting band pass of SIFFa 
106 and attenuator 110 will be similar to FIG. 9 and will be 

15 optimized for digital television signal processing. 
In an alternative approach (not shown), an analog band 

pass filter equivalent to thl: combination of SIFFa 106 and 
SIFFb 109 could be placed in parallel with digital filter 
SIFFa 106. This arrangement would allow the analog and 

20 digital signal filters to be independent, but it would also 
require that switch 108 have an isolation on the order of 50 
dB to prevent signals from leaking around the filters. 

The output of switch 108, either from SIFFb 109 or 
attenuator 110, is then provided to IF AGC amplifier 11l. 

25 Amplifier 111 is a variable gain IF amplifier that provides the 
gain adjustment for the AGC circuit. Typically, amplifier 111 
has a gain between 25 and 75 dB. The gain level is 
controlled hy AGC control 60. A key characteris(jc of 
amplifier 111 is a noise figure on the order of 15 dB with 

30 high output intercept points on the order of +78 dB. 

In parallel with amplifier 111 is buffer 112, which is a high 
end buffer output that provides a 44 MHz IF signal for 
external devices, such as a decoder, where the signal can be 

35 further processed off chip. 
The output of amplifier 111 is provided to coherent 

oscillator circuit (COHO) 40. COHO 40 creates two refer
ence signals and provides them to elements SOa and SOb. A 
0° phase signal, relative to the carrier signal, is provided 

40 from COHO 40 to detector SOa, which operates either as a 
video detector for analog television signals or as an in-phase 
down converter for digital television signals. COHO 40 also 
provides a 90° phase signal to detector SOb, which either 
operates as an audio down converter for analog television or 

45 as a quadrature detector for digital television. 
COHO 40 is a phase lock loop reference that locks on the 

carrier for the received analog or digital television signal. 
For an analog signal, the loop requires a bandwidth on the 
order of 25 KHz. On the other hand, because the digital 

50 carrier is at a much lower level, a digital signal requires a 
bandwidth on the order of 1 KHz. Therefore, in the preferred 
embodiment, COHO 40 is designed to work on the digital 
bandwidth since it is within the analog bandwidth require
ments. In contrast to a normal single conversion receiver, a 

55 narrow loop bandwidth can be used in tuner circuit 10 
because the close-in noise of L01 and L02 is very good . 
Typically, in a single conversion receiver, the loop band
width of tbe first local oscillator is narrow wh.ich creates 
high noise dose-in. That noise would have to be suppressed Following amplifier 107 is switch 108 which provides a 

selection between the second intermediate frequency filter 
"b" (SIFFb) 109 and attenuator 110. Atlenuator 110 is 
chosen to match the insertion loss of filter 109. As a result, 
the signal loss across switch 1118 will effectively remain the 
same and not vary with switch position. III the preferred 
embodiment, switch 108 is selected to have isolation 65 

approximately 10 dB better than the analog audio suppres
sion that is provided in SIFFb 109. Typically, the analog 

60 with a wide bandwidth COHO . In the preferred 
embodiment, the improved noise characteristics of L01 and 
L02 allow the use of COHO 40 with a narrow loop 
bandwidth. 

In addition to the signals provided to detectors SOa and 
SOb, COHO 40 also provides an output to frequency dis
criminator 113. Frequency discriminator 113 measures the 
actual frequency of the carrier signal that tuner circuit 10 is 
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processing. This frequency information is provided to Inter 
Integrated Circuit interface, eC 124, which then adjusts 
PLLl-4 21 24 as necessary to retune circuit 10. I2C is a 
well-known standard, defined by Philips Electronics N.Y., 
but any digital interface will work. As shown in FIG. 8, it is 5 

critical to place picture carrier 801 on the vestigial sideband 
slope 802 of the analog filter pass band. If picture carrier 801 
is not properly positioned, the circuit will be retuned so that 
the carrier is at 45.75 MHz, plus or minus 35 KHz. 

TIle output of amplifier 111 also directly drives video 10 

detector SOa and audio detector SOb. Video detector SOa 

8 
the preferred embodiment, the signal from filter 128 is 
passed tbrough buffer 116 whicb has a control input to turn 
it on and off. Buffer 116 sets the output levels for the digital 
Q-channel. In an alternative embodiment, AiD converter 129 
may be placed between filter 128 and buffer 116. AiD 
converter 129 would allow for direct digital output through 
buffer 116 without the need for an off-chip AiD converter for 
the digital signals. 

The signal on the analog audio channel first pas.ses 
through cbroma reject filter 119. Filter 119 is a high pass 
filter designed to suppresses any remaining luminance signal 
and to suppress tbe cbroma carrier signal al approximately 
3.58 MHz. The audio signal which is intended to be passed 
tbrougb filter 119 is at 4.5 MHz after down converter SOb. 

drives the in-phase digital channel, the analog video channel 
and automatic gain control (AGC) circuit 60. The analog 
video channel includes sound trap 70 which is a filter with 
a notch at the audio signal frequency of 4.5 MHz above the 
carrier. In the preferred embodiment, suppression at the trap 
frequency is on the order of 35 db. Also, sound trap 70 
should have very little in-band distortion. It is desirable that 
sound trap 70 roll olI above the audio signal trap frequency 
to suppress any out-of-band spurious signals or noise from 
video detector SOa. The frequency response of the preferred 
embodiment of sound trap 70 is shown in FIG. 7B. 

15 The output of filter 119 is down converted in mixer UO. The 
4.5 MHz audio signal is mixed witb a 5.25 MHz reference 
signal in mixer UO to produce a 750 KHz output. The 750 
KHz signal is then filtered by sound filter 121. The band
widtb of sound filler U1 is approximately 200 KHz. Sound 

20 filter 121 is an on-chip circuit in the preferred embodiment. 
In an alternative embodiment, sound filtering could also be 
accomplished off-chip. If an off-chip device is used for 
sound filter 121, then the filtering would be accomplisbed 
following tbe chroma reject filter 119 and the down conver-

25 sion by mixer 120 would not be done. Instead, the output of 
the off-cbip sound filter would go directly into FM demodu
lator 122. 

In parallel with the analog video channel is the in-phase 
channel for digital television signals. In tbis patb, tbe signal 
first passes through low pass filter U6 to suppress out of 
band noise and spurious signals. In tbe preferred 
embodiment, output buffer 114 follows filter U6 and sets the 
levels for tbe digital I cbannel output signal. In an alternative 
embodiment, analog-to-digital (ND) converter 127 could be 
placed between filler 126 and buffer 114. If A/D converter 30 

127 is used in tbe circuit, tben tbe output from buffer 114 
would be digital. In this embodiment, an off-chip AiD 
converter would not be needed. 

In tbe preferred embodiment, the output of sound filter 
121 is provided to FM demodulator U2. FM demodulator 
122 is a delay line type of demodulator in which tbe signal 
is split two ways. One patb goes tbrough a time delay and 

Sound trap 70 drives noise clipping circuit 118 whicb 
clips off high frequency noise that could cause either high 
wbite levels or black levels. Following noise clipping circuit 
118 is output buffer 115. Buffer 115 sets the signal level for 
tbe composite video output to approximately 1 volt peak
to-peak. Buffer 115 also bas a control input wbich can turn 40 

the output signal on and off. 

tbe otber path goes into a multiplier circuit which produces 
an AM signal from the FM signal. In the preferred FM 
demodulator 122, the time delay is a 90° pbase shift at center 

35 frequency. Ibe output of FM modulator U2 drives audio 
output buffer 117 which sets the proper levels for the audio 
signa 1. Buffer 117 also has an on/off or mute control for the 
audio output. 

AGC circuit 60 is tbe tbird path tbat is driven by detector 
SOa. AGC 60 measures the signal level output from detector 
SOa and maintains a constant level at this point in circuit 10. 
Tbe signal from video detector SOa is compared witb a 45 

reference signal provided by I2 C 124. AGC 60 controls the 
gain of circuit 10 by adjusting IF AGC amplifier 111 and 
delayed AGC amplifier 101. In the preferred embodiment, 
AGC 60 first adjusts IF AGC amplifier III to control the 
overall gain of tuner 10. Once the gain gets to a specified 50 

minimum level, on the order of 25 dB, then AGC 60 adjusts 
delayed AGC amplifier 101 to attenuate the signal at the 
front end of tuner 10. 

A delayed AGC signal from a decoder (not sbown) can 
also be used by AGC 60 to control the gain of tuner 10. Such 55 

a delayed signal could come from an off-chip decoder that 

The reference signals used by tuner circuit 10 are gener
ated using, preferably, an off-chip 5.25 MHz crystal 1000 
that is connected to oscillator circuit 123. Circuit 123 is 
on-chip and produces the basic 5.25 MHz reference signal 
for tuner 10. The 5.25 MHz signal drives reference fre
quency generator 125 which produces the other reference 
signals required by tuner 10. Tbe otber reference signals 
include a 2.625 MHz signal which is used in PLL4 24, a 262 
KHz signal which is used for audio tuning and a 8.2 KHz 
signal whicb is used in the AGC circuit 60. 

Turning now to FI G. 2, the four phase locked loops which 
produce tbe local oscillator signals for tuner 10 are shown. 
PLU 21 provides tbe first local oscillator signal (L01) to 
mixer 102. PLL2 22, PLL3 23 and PLL4 24 operate to 
provide tbe second local oscillator signal (L02) to mixer 
104. Concurrently filed, co-pending application entitled 
"Interference Free Broadband Television Tuner" discusses 
the operation of tuning circuit 20 in greater detail and is 
incorporated by reference berein. 

PLU 21 receives a 5.25 MHz reference signal at pbase 

is driven by the output of buffer l12 . Wben tbe decoder is 
active it could provide an AGC signal tbat would pass 
through AGC circuit 60 to directly control the gain of 
amplifier 101 and IF AGC amplifier 111. 

Audio detector SOb uses the 900 signal from COHO 40. 
The output of detector SOb drives the audio channel for 
analog television and the quadrature channel for digital 
television. The quadrature cbannel has a low pass filter 128 

60 comparator 205. The output of phase comparator 205 feecls 
loop amplifier 202 whicb, in turn, provides the input for 
VC01 201. There are two outputs from VCOl 201. One 
output provides the LOl signal to mixer 102 over line A. The 

of the same design as filter 126 in the in-phase digital 65 

channel. Filter 128 suppresses out-of-band noise and spuri
ous signals and bas a bandwidtb on the order of 6 MHz. In 
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pared with the 5.25 MHz reference signal in phase com
parator 205 to complete the phase locked loop. The 5.25 
MHz reference signal creates an output step size of 5.25 
MHz which provides coarse tuning for tuner 10. In the 
preferred embodiment, PLLI 21 has a bandwidth on the 5 

order of 500 KHz. A wide bandwidth is preferable to get 
good close-in phase noise characteristics. 

band COHO leading to distortion in the detection process. If 
the bandwidth of the COHO is less than 15 KHz, then the 
COHO would not partially track the horizontal sync signal 
leading to a near distortion free detection process. In the 
prior art, the oscillators used for conversion to IF typically 
du not have good dose-in phase nuise characteristics, requir-
ing a COHO with wide loop bandwidth to track out this 
noise. It is thus typical in the prior art to employ wider 
bandwidth COHO's, which have the undesirable trait of Fine tuning is accomplished by L02 which is produced by 

the operation of 3 phase lock loops PLU 22, PLL3 23 and 
PLL4 24. PLL4 24 has the same basic configuration as PLLl 10 

21. It has reference signal of 2.625 MHz which is input to 
phase comparator 235. The output of phase comparator 235 
drives loop amplifier 232 which in turn drives VC04 231. 
The output ofVC04 231 has a 2.625 MHz stepsize and it is 
provided to two divider circuits. One output of VC04 231 15 

goes to a divider network comprised of +6/+7 circuit 233 
and +N circuit 234. The effect of divider network 233 and 
234 is to divide the output signal of VC04 230 back down 

partially tracking strong signals in the video signal, such as 
horizontal sync, leading to distortion in the detect.ion pro
cess. 

It is generally known that the immunity of a phase locked 
loop to injection locking is determined by the product of the 
quality factor, Q, of the VCO and the loop bandwidth. For 
the case of a veo implemented on a single chip, it is 
typically difficult to realize high Qs. This conflicts with the 
integrated circuit implementation of a RF system with PLLs 
in that the other circuitry sharing the common substrate is a 
source of spurs that then may be passed on to the PLLs 
output or lead to injection locking by the PLL. A wide loop 
bandwidth of the PLL compensates for the fact that a high 
Q yeO is not feasible without external components. 

It is typical in the prior art to make the PLL refen:nce 

to 2.625 MHz. This signal is then cumpared with the 2.625 
MHz reference signal in phase comparator 235 to complete 20 

the phase locked loop. The other output of VC04 231 is 
provided to +42 circuit 230. The output of divider 230 is a 
signal with a 62.5 KHz stepsize that serves as a reference 
signal for PLU 22. 

25 frequency equal to the step size of the frequency synthesizer 
system. II is further lypical of the prior art to employ a single 
loop frequency synthesizer to create the first LO in tuners. 
For example, if the step size of the system was 62.5 KHz, 
then the reference frequency to the single loop PLL would 

The output of frequency divider 230 varies between 5.25 
MHz and 10.5 MHz in 62.5 KHz steps. This signal is 
provided to phase comparator 214 which in turn drives loop 
amplifier 213. The output of loop amplifier 213 controls 
VC02 210. VC02 210 provides the L02 signal fOf mixer 
104 over line B. The other output from VC02 210 passes 
through buffer amplifier 211 and then drives image reject 
mixer 212. Mixer 212 also receives an input from PLL3 23. 

In PU.3 23, a 5.25 MHz reference signal is input to phase 
detector 222. Phase detectur 222 drives luop amplifier 221 
which in turn drives VC03 220. The output of VC03 23 is 
divided back down to 5.25 MHz by +N circuit 223 and then 
fed back into phase detector 222 to complete the loop. The 
output of VC03 23 is in the range of 1 GHz which is close 

30 also be 62.5 KHz. It is highly desirable to suppress harmon
ics and spurs of the reference that are in band to a level 
below the noise floor of the VCO, requiring the loop 
bandwidth of the PLL to be less than the reference fre
quency. In the case where the reference is the step size, the 

35 loop bandwidth is rather narrow. Consequently, it is a clear 
advantage of the frequency synthesizer described herein to 
provide both a small step size as well as a wide bandwidth 
for LOI and L02 providing for enhanced immunity to spurs 
as well as providing for a narrow bandwidth COHO. 

to the output frequency of VC02 210. Therefore, buffer 211 40 

is required to have good reverse isolation so that the signal 
from VC03 220 does not leak through to the output of 
VC02 210 and thereby get transmitted to mixer 104 as part 

A further advantage of the frequency synthesis system is 
that it can use a reference that is above the baseband 
frequencies. An example of such a frequency is 5.25 MHz. 
It should be noted that this 5.25 MHz reference is above the 
baseband signal of the system, thus avoiding in-band noise of L02. 

In the preferred embodiment, the loop bandwidths of 
PLU 22, PLL3 23 and PLU 24 are all wide to provide good 
overall close-in phase noise. PLLZ 22 and PLL3 23 have 
bandwidths of approximately 300-500 KHz. The bandwidth 
of PLL4 24 is approximately 200-300 KHz. These band
widths give phase noise of around 100 KHz which is 
satisfactory for digital television. 

The architecture uf the frequency synthesis system pro
vides for several benefits with respect to the overall opera
tion of the tuner system. These benefits are in providing a 
lower distortion detection means, immunity to injection 
locking, a frequency synthesis system that allows for wide 
bandwidth PLLs while preserving a small step size, and 
providing for a choice of reference frequency that is out
of-band and that can be directly used to down-convert the 
audio portion of the desired channel. 

A wide loop bandwidth for LOI and L02 is preferred 
because this yields good close-in phase noise characteristics 
for these two signals. This is important because it allows the 
COHO to have a narrow loop bandwidth, which yields a 
lower distortion video detector. For example, certain content 
within tbe video signal, such as the horizontal sync signal at 
approxinlately 15 KHz, would be partially tracked by a wide 

45 produced by the reference and its harmunics. A further 
advantage of this choice of reference is that it can be used 
directly by the audio subsystem to down convert the fre
quency modulated audio signal to a lower frequency usable 
by the sound filter and FM demodulator in the audio 

50 subsystem. This eliminates the need for a PLL to create this 
frequency. 

FIG. 3 shows automatic carrier detection (ACD) circuit 
30. The function of ACD circuit 30 is to detect whether the 
incoming channel is an analog signal or a digital signal. If 

55 an analog signal is detected, ACD 30 also determines if it has 
a suppressed carrier or if the signal has been scrambled. As 
shown in FIG. 3, ACD 30 has two input lines C and D. The 
input on .line e is from the output of SJFFa 106. As discussed 
above and illustrated in FIG. 9, SIFFa 106 has a band pass 

60 characteristic that is suitable for digital television. Line 0 
input is from the output of SIFFb 109. SIFFb 109 in 
combination with SIFFa 106 produces the band pass char
acteristics required for analog television, as shown in FIG. 
8. ACD 30 operates by comparing the change in energy 

65 levels in the output of filters 106 and 109. 
ACD 30 uses amplitude detectors 301 and 302 to detect 

the power coming out of SIFFa and SIFFb. These levels are 
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then compared in comparator 303. The output of comparator 
303 is then further compared with three different reference 
levels R1, R2 and R3. In the preferred embodiment, ACD 30 
would compare the ratio of the output of SIFFa 106 to the 
output of SIFFb 109. If the received signal is an analog 5 

signal, then the ratio will be on the order of 6 dB. If the 
signal has a suppressed analog carrier, then the ratio will be 
on the order of 0 dB. For a digital signal the ratio will be on 
the order of 3 dB. The comparison in ACD 30 is provided by 
I2C 124 which adjusts switch 108 to select or deselect SIFFb 10 

109. 

12 
Assuming that COHO 40 is locked right on the 45.75 MHz 
picture carrier for analog television, YCO 43 will normally 
operate at 11.4375 MHz. The output of YCO 43 passes 
through frequency multiplier 420 which works in conjunc
tion with YCO 43 to produce the in-phaseiO° and 
quadrature/90° output<; at 45.75 MHz for detectors SOa and 
SOb. The output from mUltiplier 420 also feeds back to phase 
detector 42 through current mode logic converter 421 and 
divider 422 to complete the phase locked loop circuit. 

Control logic 44 is used in signal acquisition to ensure that 
COHO 40 searches in the correct direction and locks on the 
picture carrier for analog television signals, 801 of FIG. 8, 
as opposed to locking on the neighboring audio signal 803. 
Control 44 does an upsweep search looking for the picture 

In the embodiment shown, when ACD 30 analyzes the 
outputs of filters 106 and 109 the signal path of tuner 10 is 
configured for analog television. That is, SIFFb 109 will be 
selected into the signal path by switch 108. Following the 
comparison, if the signal is determined to be a digital 
television signal, SIFFb 109 will then be switched out of the 
signal path and at\eouator 110 will he selected by switch 
108. 

15 carrier 801 to avoid locking on to the higher frequency audio 
carrier 803. 'Ibis is important for situations in which the 
carrier is off-frequcncy. For example, in a cable television 
analog signal, the carrier frequency can be off by up to 2 

Signal testing may be initiated by a channel change. In 20 

that case, every time a new channel is selected, both SIFFa 
106 and SIFFb 109 are switched into the circuit and ACD 30 
compares signal levels on lines C and D. Following the test, 
I2 C 124 either switches SIFFb 109 out or leaves it in the 
signal path depending on whether an analog or digital signal 25 

is detected. 

MHz. Accordingly, COHO 40 needs control 44 to ensure 
that the loop locks onto the proper frequency. It is likely that 
digital television signals will also vary up to 2 MHz from the 
expected frequency in some situations. Therefore, control 44 
is used for both analog and digital signals. 

I2 C 124 can initiate signal testing in ACD 30 depending 
on any number of other factors. Signal testing could be 
initiated by a channel change, as discussed above, or by a 
change in the input source. For instance, if an operator 
switched the input from an antenna or cable line to a 
videotape recorder or laser disk player, then the test could be 
initiated even though the operator did not change the chan
nel. ACD testing Illay be autoIllatic or user-initiated. For 
example, a television system may provide a function on a 
remote control which allows the user to select the "test 
mode." 

Circuit 413 compares the actual output frequency of YCO 
43 with the expected frequency of 11.4375 MHz. Circuit 413 
generates an error signal which is provided to control logic 
gates 408-410. The output of gates 408-410 goes into 
up-down counter 411. Digital-to-analog converter 412 con
verts the output of counter 411 to an analog error signal 

30 which is added into the signal path by adder 404. The output 
of adder 404 provides an offset control signal for YCO 43. 

Sweep circuit 416 fo rccs control 44 to search from lowcr 
frequencies to higher frequencies to avoid locking on audio 

In an alternative embodiment of tuner 10, ACD 30 is 
directly connected into the output of SIFFb 109 and SIFFb 

35 signal 803 instead of picture carrier 801. The output of 
sweep circuit 416 is provided to adder 403 which adds an 
offset to the output of phase detector 42 to force this sweep 
in the right direction. This low-to-high acquisition could also 
be implemented by setting the bias for YCO 43 to a low 

40 level, thereby forcing the output of YCO 43 to a low 
frequency. 'Ibe error signal from phase detector 42 would 
then pull the bias for YCO 43 up in frequency in which case 
it will sweep in the correct direction . 

is always connected to amplifier 107. This configuration 
would not require switch 108 to select SIFFb 109 into the 
signal path in order to conduct the signal test. As shown by 
dashed lines 130 and 131 on FIG. 1, SIFFb 109 could be 
configured to continuously receive the output of amplifier 45 

107 over line 1311. Input D to ACD 30 would be provided 
over line 131 directly from the output of SIFFb 109 rather 
than from the output of switch 108. This would allow ACD 
30 to continuously conduct the analog/digital signal deter
mination test without regard to the position of switch 108. 50 

Switch 108 would only be changed to properly configure the 
signal path as required for the signal type detected. 

COHO 40, shown in FIG. 4, is comprised of a phase 
locked loop which provides reference signals to detectors 
SOa and SOb. The reference signal for detector SOa is at 0° 55 

relative to the carrier signal for the analog or digital signal. 
The reference signal for down converter SOb is at 90° with 

Detector 415 and latch 414 function as a lock detection 
circuit. The signal from phase detector 42 is compared to a 
reference signal and if the signal is inside the reference then 
it is locked, otherwise it is not locked . The signal from latch 
414 is provided to logic gates 406 and 407 along with the 
output of comparator 405. The output of gates 406 and 407 
serves as the other input for logic gates 408-410. I have 
found that dividers 402 and 422 may not be necessary. 

FIG. 5 show the components of a Gilbert cell mixer such 
as that used for detectors SOa and SOb. The inputs to the 
Gilbert cell are a local oscillator (LO) signal and a RF signal. 
For video/in-phase detector SOa, the LO is an in-phase signal 
from COHO 40. Audio/quadrature detector SOb receives a 
90° phase signal from COHO 40 as the LO. The signals in 
the preferred embodiment are balanced but for clarity they 
are shown as single inputs to buffers 51 and 52. Mixer SO 
itself is totally balanced and receives balanced inputs. The 
output of mixer SO is also balanced although it is shown as 
a single ended output through buffer 53 for simplification of 
the drawings. 

the phase of the carrier signal. 'Ibe input to COHO 40 is 
provided from amplifier 111 through converting circuit 41. 
The signal passes through current mode logic circuit 401 and 60 

divider 402. YCO 43 of COHO 40 runs at one quarter the 
frequency of the carrier signal. Circuit 41 converts the input 
signal to current mode logic and then divides the signal 
frequency by 4 to match the frequency in the loop. Follow
ing divider 402, the signal goes into phase detector 42. 

Mixer SO is a common Gilbert cell with a top section of 
65 transistors, 501, 502, 503, and 504 which are switched on 

and off by the LO signal. Transistors 506 and 50S are 
modulated with the RF signal input. In the preferred embodi-

The output of phase detector 42 passes through control 
circuit 44 and loop filter 423 and is then input to YCO 43. 
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ment shown in FIG. 1, the RF signal is provided by amplifier 
111. Resistors 507 and 508 are used to provide or improve 
circuit linearity. Current source 509 provides the current to 
drive the system and may be implemented by any number of 
current circuits that are well known in the art. Resistors 510 
and 511 provide biasing for the collectors of transistors 
501-504. 

AGC Circuit 60 is shown in further detail in FIG. 6. AGC 
60 operates to conirol the gain of tuner 10 by adjusting the 
gain of amplifiers 101 and 111. First, IF AGC amplifier 111 
is used to lower the overall receiver gain. Once amplifier 111 
reaches a minimum gain level on the order of 25 dB, then 
delayed AGC amplifier 101 is adjusted to attenuate the 
signal at the front end of tuner 10. 

AGC 60 receives an input from video detector 50a. The 
input signal goes into peak detect and dump circuit 61. By 
constructing AGC 60 on-chip the use of large capacitors for 
storage is not practical. So peak detect and dump circuit 61 
searches for tbe peak signal level and holds that until it gets 
sampled on a command from selector 63. Selector 63 can 
select between a sync clamp pulse or a programmable 
sample strobe. Async clamp circuit (not shown) provides the 
sync clamp pulse for analog television signals. Use of the 
sync clamp pulse phase locks the operation ofAGC 60 to the 
horizontal sync of the analog television signal. The sync 
pulse is the largest signal in the analog television signal and 
so it provides an easily useable synchronous means of 
sampling signals for AGC 60. The sync pulse does not apply 
for digital television or for a scrambled analog television 
signal in which the picture carrier reference signal is typi
cally suppressed. For those cases where the sync pulse is not 
available or if the sync clamp circuit is not used, a program
mable sample strobe is used. 

Peak detect and dump 61 works with both analog and 
digital television signals and provides an output to loop 
amplifier 62. Loop amplifier 62 receives an AGC reference 
signal that is provided by I2C 124. The output of amplifier 
62 goes into sample and hold circuit 65. Sample and bold 65 
also receives a sample strobe from selector 63. As a result, 
the output of sample and hold 65 is also strobed. The output 
is fed back and added to the input by integrator 64. The 
output of sample and hold 65 goes to linearizer circuits 66 
and 67, which linearize the control current for amplifiers 111 
and 101. 

14 
should also have a fall off in the out-of-band response to 
suppress noise and spurious signals. The basic cirl-"'Uit shown 
in FIG. 7 A has a series of bi-quad circuits which are used to 
implement the poles and zeros necessary to obtain the 

5 desired frequency response. Circuits 71-75 each provide 
two stages of filtering for a total of ten filter stages. The 
filters are followed by buffer stage 76. Circuit 77 provides 
bias control for filter stages 71-75 and buffer 76. 

While it is expected that the disclosed tuner would be 
10 utilized to process co-existing digital and analog television 

signals, it would also be possible to use the tuner to process 
signals with multiple co-existing digital or analog formats. 
A digital television standard in the United States may vary 
from the digital standard used in Japan, European or else-

15 where. The varying analog television signal standards illus
trate the potential for different standard" in different conn
tries. For example, in the United States tbe National 
Television Systems Committee (NTSC) standard has a video 
bandwidth of 4.2 MHz and a sound carrier at 4.5 MHz. On 

20 the other hand, in Britain the Phase Alternate Line (PAL) 
standard has a 5.5 MHz video bandwidth and a sound carrier 
at 6 MHz. It may be practical in digital television systems to 
provide a tuner which allows processing of various types of 
digital standards. Furthcrmore, it may be necessary to pro-

25 vide a tuner which allows for more than two signal formats 
to be processed. The disclosed tuner could also be embodied 
to provide multiple output signals which correspond to more 
than just simple analog and digital formats. Of course, the 
tuner described herein could be used in a known (or 

30 unknown) single system format by presetting certain values, 
either in response to a separately received central signal, or 
manually, or a decoded control signal. In such a context it 
could be advantageous to use the range of input filter 100, 
either on its high or low side, or both. Tbis variable control 

35 can be manual, or under control of an applied signal on a 
dynamic basis. 

In the preferred embodiment the disclosed tuner would be 
manufactured on a single integrated circuit substrate. 
However, design considerations may require that certain 

40 elements be embodied as discrete devices (herein called 
off-chip) instead of incorporating the elements into an 
integrated substrate. For instance, the IF filters, analog-to
digital converter, sound trap filter or input filter may be 
incorporated as off-chip elements as necessary while still 

45 achieving the desired dual mode tuning circuit. For purpose 
of design, a single board, or chip, could contain mUltiple 
"off-chip" elements and one or more integrated circuits. In 
such a context, the designation "off-chip" simply implies 

In an alternative embodiment, the AGC reference can 
bypass loop amplifier 62 and sample and hold 65 and go 
directly into linearizers 66 and 67. This would allow for 
manual control of the receiver gain for test purposes. The 
programmable sample strobe from selector 63 is made 50 

programmable to allow for variable AGC loop bandwidths. 

that some of the elements are all not within a common 
substrate. 

Another alternative design would simplify FlFF 103, 
thereby allowing the entire range of channels in the RF 
signal to be converted to the second IF signal. In this 
embodiment, (he conversion circuit could be constructed 
entirely on an integrated substrate and filtering of unwanted 
channels could be accomplished after the RF signal has been 

By changing divide ratios the loop bandwidth can be varied 
and optimized for various television signals. 

AGC 60 can also receive a delayed AGC input from an 
off-chip decoder. When tuner 10 is used with a decoder that 55 

receives an IF signal from buffer 112, the decoder can 
provide an input back into AGC 60 to directly control the 
end gain at AGe amplifier 101 and IF amplifier 111. 

Sound trap 70 can either be an on-chip or off-chip device. 
FIG. 7Ashows an on-chip design for sound trap 70 that is 60 

implemented with several stages of circuits having relatively 
low Q poles and zeros. The intent of sound trap 70 is to 
provide a null at the sound carrier frequency of 4.5 MHz as 
shown in FIG. 7B. This prevents the sound carrier signal 
from passing to the output of the video port at buffer 115. 65 

Sound trap 70 is optimally designed to have a minimal 
amount of ripple in-band and in the notch at 4.5 MHz. It 
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converted to a second IF signal. 
Altbough the present invention and its advantages have 

been described in detail, it should be understood that various 
changes, substitutions and alterations can be made berein 
without departing from the spirit and scope of the invention 
as defined by the appended claims. 

What is claimed is: 
1. A receiver comprising: 
an input for receiving an RF signal baving a plurality of 

channels, wherein said channels are in either a first 
signal format or a second signal format; 
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a conversion circuit for converting received RF signals to 
IF signals; 

a first signal filter n:ceiving said IF signals from said 
conversion circuit and having a frequency response 
suitable for passing channels in said first signal format; 5 

a second signal filter switch ably coupled to an output of 
said first signal filter and providing a combined fre
quency response suitable for passing channels in said 
second signal format when operating with said first 
signal filter; 10 

16 
signal suitable for up-converting said signal of said first 
format and for said signal of said second format. 

16. The receiver of claim 15 wherein the phase lock loop 
reference signal is greater than 4.5 MHz. 

17. The receiver of claim 1 wherein said phase lock loops 
utilize two reference frequencies, one greater than 2.25 MHz 
and tbe other greater tban 4.5 MHz. 

18. The receiver of claim 1 constructed substantially on a 
single integrated circuit substrate. 

19. The receiver of claim 18, wherein said first and second 
signal filters are not physically located on said single inte
grated circuit substrate . wherein said conversion circuit is a dual conversion 

circuit comprising: 
a first mixer having a first input for receiving said RF 

signal and a second input coupled to a first reference 
signal; and 

20. The receiver of claim 1 further comprising a format 
detector for detecting whether one of said channels com-

15 prises either said first signal format or said second signal 
format, and 

a second mLxer having a first input coupled to said first 
mixer and a second input coupled to a second reference 
signal, wherein said second reference signal provides 
fine tuning by three yeOs and wide band phase lock 20 

loops providing a highly coherent reference signal 
suitable for down-converting said signal of said first 
signal format and said signal of said second signal 
format. 

2. The receiver of claim 1 further comprising an input 25 

filter coupled between said receiver input and said conver
sion circuit for removing all frequencies above an input 
cutoff frequency in said RF signal. 

3. The receiver of claim 1 wherein said first format is a 
digital television signal format. 

4. The receiver of claim 3 wherein said format is an 
analog television signal format. 

5. The receiver of claim 1 wherein said second mixer is an 
image rejection mixer. 

30 

6. The receiver of claim 1 wherein said dual conversion 35 

circuit further comprises an IF filter coupled between said 
first mixer and said second mixer. 

7. The receiver of claim 6 wherein said second mixer and 
said IF filter operate to reject an image frequency from said 
IF signal. 

8. The receiver of claim 1 further comprising a coherent 
reference phase lock loop fed by such second IF signal for 
generating a third reference signal, and 

40 

a frequency synthesizer for generating said first and 
second reference signals, said frequency synthesizer 45 

having a phase noise characteristic that allows said 
coherent reference phase lock loop to have a narrow 
loop bandwidth. 

9. The receiver of claim 8, wherein a crystal connected to 
an oscillator circuit provides a signal to said frequency 50 

synthesizer for generating said first and second reference 
signals. 

10. The receiver of claim 9 constructed substantially on a 
single integrated circuit substrate. 

11. The receiver of claim 10, wherein said crystal is not 55 

physically located on said single integrated circuit substrate. 

wherein said format detector is coupled to said first signal 
filter and said second signal filter. 

21. A receiver comprising: 
an input for receiving an RF signal having a plurality of 

channels, wberein said channels are in either a first 
signal format or a second signal format; 

a conversion circuit for converting received RF signals to 
IF signals; 

a first signal filter receiving said IF signals from said 
conversion circuit and having a frequency response 
suitable for passing cbannels in said first signal format; 
and 

a second signal filter switchably coupled to an output of 
said first signal filter and providing a combined fre
quency response suitable for passing channels in said 
second signal format when operating with said first 
signal filter; 

wherein said conversion circuit includes a circuit for 
providing first and second reference signals, said circuit 
including: 
a plurality of PLLs, wherein a first PLL accepts a 

reference signal wbicb is out of the bandwidth of 
each selected frequency, said PLLs baving low phase 
noise and a step size resolution smaller than the loop 
bandwidth of the individual PLLs; and 

wberein said PLLs operate from input reference signals 
some of which are outside of said bandwidth, and at 
least one of which is within said bandwidth and 
wherein said one within said bandwidth is isolated 
from said output reference signals. 

22. The receiver of claim 21 wherein a first one of said 
PLLs provides coarse frequency resolution under control of 
said out of band input reference signal and wberein the step 
size of said coarse resolution is substantially equal to the 
frequency of said out of band input reference signal. 

23. The receiver of claim 22 wberein a second set of PLLs 
provides fine frequency resolution under control of a com
bination of said out of band input reference signals and said 
isolated in band input reference signals. 

24. The circuit of claim 23 constructed substantially on a 
single integrated circuit substrate. 

12. The receiver of claim 11, wherein said crystal is a 5.25 
MHz crystal. 

13. Tbe receiver of claim 1 wberein said first reference 
signal provides coarse tuning and wherein said second 
reference signal provides fine tuning. 

25. The receiver of claim 24, wherein said first and second 
60 signal fi !ters are no t physically located on said single inte-

14. The receivcr of claim 1 wherein said first reference 
signal provides coarse tuning with step size of greater than 
4.5 MHz. 

15. The receiver of claim 13 wherein said coarse tuning is 65 

provided by a single vollage controlled oscillator and a wide 
band pbase lock loop providing a higbly coherent reference 
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grated circuit substrate. 
26. A receiver comprising: 
an input for receiving an RF signal baving a plurality of 

cbannels, wherein said channels are in either a first 
signal format or a second signal format; 

a conversion circuit for converting received RF signals to 
IF signals; 

Cresta Ex 2026-18 
Silicon v Cresta 
IPR2015-00626 



US 6,725,463 Bl 
17 

a first signal filter recelVlIlg said IF signals from said 
conversion circuit and having a frequency response 
suitable for passing channels in said first signal format; 

a second signal filter switchably coupled to an output of 
said first signal filter and providing a combined fre- 5 

quency response suitable for passing channels in said 
second signal format when operating with said first 
signal filter; and 

a coherent oscillator switchably coupled to an IF output 
from either said first signal filter or said second signal 10 

filter and providing a first reference signal. 
27. The receiver of claim 26 wherein said coherent 

oscillator provides said first reference signal for channels 
having either said first signal format or said second signal 
format. 15 

28. The receiver of claim 27 wherein said first reference 
signal is in-phase with said IF output. 

18 
41. The method of claim 40 further including the step of: 
creating a second reference signal from said filtered IF 

signal wherein said second reference signal is phase
shifted 90° from said filtered IF signal. 

42. The method of claim 41 further including the step of: 
creating a second reference signal; and 
generating a quadrature signal by mixing said second 

reference signal with said filtered IF signal. 
43. The method of claim 42 wherein a selected one of said 

channels is in a digital television format and wherein said IF 
signal is filtered only through said first IF filter; and 

further comprising the steps of: 
creating an in-phase digital television signal by filtering 

said generated in-phase signal; and 
creating a quadrature digital television signal by filtering 

said generated quadrature signal. 
44. The method of claim 42 wherein a selected one of said 29 . The receiver of claim 27 further comprising a first 

detector having a first input coupled to said IF output and a 
second input coupled to said first reference signal. 

30. The receiver of claim 29 further comprising an 
in-phase digital output circuit coupled to an output of said 
first detector and outputting an in-phase digital signal when 
a selected channel in said RF signal is in a digital format. 

channels is in an analog television format and wherein said 
20 IF signal is filtered through both said first IF filter and said 

second IF filter; and 

31. The receiver of claim 29 further comprising an analog 25 

video output circuit coupled to an output of said first detector 
and outputting a composite analog video signal when a 
selected channel in said RF signal is in an analog format. 

32. The receiver of elaim 29 further comprising an 
automatic gain control circuit coupled to an output of said 30 

first detector and adjusting an automatic gain control ampli
fier to control an overall receiver gain. 

33. The receiver of claim 26 wherein said coherent 
oscillator is switchably coupled to an IF output from either 
said first signal filter or said second signal filter and pro- 35 

viding a second reference signal. 
34. The receiver of claim 33 wherein said coherent 

oscillator provides said second reference signal for channels 
having said second signal format. 

35. The receiver of claim 34 wherein said second refer- 40 

ence signal is 90° out-of-phase with said IF output. 
36. The receiver of claim 33 further comprising a second 

detector having a first input coupled to said IF output and a 
second input coupled to said second reference signal. 

37. The receiver of claim 36 further comprising a digital 45 
quadrature output circuit coupled to said second detector and 
outputting a quadrature digital signal when a selected chan
nel in said RF signal is in a digital format. 

38. The receiver of claim 36 further comprising an analog 
audio output circuit to said detector and outputting a com- 50 

po site audio signal when a selected channel in said RF signal 
is in an analog format. 

39. The receiver of claim 36 constructed substantially on 
a single integrated circuit substrate. 

40. A method of receiving signals comprising the steps of: 55 

receiving an RF signal having a plurality of channels; 
converting said RF signal to an IF signal, wherein said IF 

signal contains all of said plurality of channels; 
producing a filtered IF signal by selectively filtering said 60 

IF signal either through a first IF filter or through a first 

further comprising the steps of: 
creating a composite video signal by filtering said 

detected in-phase signal; and 
creating a composite audio signal by filtering said 

detected quadrature signal. 
45. The method of claim 42 further comprising the steps 

of: 
detecting a signal level of said in-phase signal; and 
adjusting the gain of both an IF signal amplifier and an 

input amplifier. 
46 . The method of claim 40 further comprising the slep of: 
detecting a format of information carried by one of said 

channels by comparing an output of said first IF filter 
with an output of said second IF filter. 

47. The method of elaim 40 further comprising the step of: 
filtering said received RF signal to remove all frequencies 

above an input cutoff frequency. 
48. The method of claim 40, performed substantially on a 

single integrated circuit substrate. 
49. The method of claim 48, wherein said first and second 

IF filters are not physically located on said single integrated 
circuit substrate . 

50. A tuner comprising: 
means for receiving an RF signal having a plurality of 

channels; 
means for converting said RF signal to an IF signal; 
means for selectively filtering said IF signal through a first 

filter or through said first filter and a second filter, 
wherein said first filter is suitable for passing a first 
format of data and a combination of said first filter and 
said second filter is suitable for passing a second format 
of data; 

means for generating a first reference signal; and 
means for producing a first output signal from said filtered 

IF signal and said first reference signal. 
51. The tuner of claim 50 further including: 
means for generating a second reference signal from said 

filtered IF signal; and 
IF filler and a second IF filter; 

creating a first reference signal from said filtered IF 
signal, whercin said first reference signal is in phase 
with said filtered IF signal; and 

means for producing a sccond output signal from said 
filtered IF signal and said second reference signal. 

52. The tuner of claim 51 wherein substantially all of said 
65 means are on a single integrated circuit substrate. 

generating an in-phase signal by mixing said first refer
ence signal with said filtered IF signal. 

Silicon Labs v. Cresta Technology 
Silabs IPR Exhibit 1015 

18 

53. The tuner of claim 51 wherein said second reference 
signal is 90° out-of-phase with said filtered IF signal. 

Cresta Ex 2026-19 
Silicon v Cresta 
IPR2015-00626 



US 6,725,463 BJ 
19 

54. The tuner of claim 53 wherein a selected channel 
contains digital information and said IF signal is filtered 
through said first IF filter; and 

wherein said first reference signal is in-phase with said 
filtered IF signal; and 

wherein said first output signal corresponds to an in-phase 
output for a digital television signal and said second 
output signal corresponds to a quadrature output fo r a 
digital television signal. 

55. The tuner of claim 51 wherein a selected channel 
contains analog information and said IF signal is filtered 
through said combination of said first IF filter and said 
second IF filter; and 

wherein said first output signal corresponds to a compos
ite video output for an analog television signal and said 
second output signal corresponds to a composite audio 
output for an analog television signal. 

56 . The tuner of claim SO wherein said first reference 
signal is in-phase with said filtered IF signal. 

57. The tuner of claim 50 further comprising: 

means for detecting a format type for a selected one of 
said channels, wherein said detecting means compares 
the signal levels output from said first IF filter and said 
second IF filter. 

58. A receiver comprising: 

an input for receiving an RF signal having a plurality of 
channels, wherein said channels are in either a first 
signal format or a second signal format; 

a conversion circuit for converting received RF signals to 
IF signals; 

20 
62 . The receiver of claim 61 wherein said second mixer is 

an image rejection mixer. 
63 . The receiver of claim 61 wherein said dual conversion 

circuit further comprises an IF filter coupled between said 
5 first mixer and said second mixer. 

64. The receiver of claim 63 constructed substantially on 
a single integrated circuit substrate . 

65 . The receiver of claim 64, wherein said IF filter is nol 
located on said single integrated circuit substra te. 

10 66 . The receiver of claim 63, wherein all of said filters are 
not pbysically located on said single integrated circuit 
substrate. 

67. The receiver of claim 63 wherein said second mixer 
15 and said IF filter operate to reject an image frequency from 

said IF signal. 
68 . The receiver of claim 58 wherein a first one of said 

PLL provides coarse frequency resolution under control of 
said out of band input reference signal and wherein the step 

20 size of said coarse resolution is substantially equal to the 
frequency of said out of band input reference signal. 

69. The receiver of claim 68 wherein a second set of PLLs 
provides fine frequency resolution under control of a com
bination of said out of band input reference signals and said 

25 isolated in band input refe rence signals. 
70. The circuit of claim 69 constructed substantially on a 

single integrated circuit substrate. 
71. The receiver of claim 58 further comprising a format 

detector for detecting whether one of said channels com-
30 prises either said first signal format or said second signal 

format, and 

wherein said format detector is coupled to said first signal 
filter and said second signal filter. 

a first signal filter receiving said IF signals from said 
conversion circuit and having a frequency response 
suitable for passing channels in said first format; 

35 
a substitute filter switchably replacing said first signal 

72 . A receiver comprising: 

an input for receiving an RF signal having a plurality of 
channels, wherein said channels are in either a first 
signal format or a second signal format; 

filter fo r providing a frequency response suitable for 
passing channels in said second format; and 

an input filter coupled between said receiver input and 
said conversion circuit for removing all frequencies 40 

above an input cutoff frequency in said RF signal; 

wherein said conversion circuit includes a circuit for 
providing first and second reference signals, said circuit 
comprising: 
a plurality of PLL, wherein a first PLL accepts a 45 

reference signal which is out of the bandwidth of 
each selected channel, said PLLs having low phase 
noise and a step size resolution smaller than the loop 
bandwidth of the individual PLLs; and 

wherein said PLL operates from input reference signals 50 

some of which are outside of said channel 
bandwidth, at least one of said input reference sig
nals is within said channel bandwidth, and said at 
least one said input reference signal within said 
channel bandwidth is isolated from said output ref- 55 

erence signals. 
59. The receiver of claim 58 wherein said first format is 

a digital television signal format. 
60. The receiver of claim 58 wherein said second format 

is an analog television signal format. 
61. The receiver of claim 58 wherein said conversion 

circuit is a dual conversion circuit comprised of: 

60 

a conversion circuit for converting received RF signals to 
IF signals; 

a first signal filter receiving said IF signals from said 
conversion circuit and having a frequency response 
suitable for passing channels in said first format; 

a substitute filter swilchably replacing said first signal 
filter for providing a frequency response suitable for 
passing channels in said second format; and a 

a coherent oscillator swilchably coupled to an IF output 
from either said first signal filter or said substitute 
signal filter and providing a first reference signal. 

73. The receiver of claim 72 wherein said coherent 
oscillator provides said first reference signal for channels 
having either said first signal format or said second signal 
fo rmat. 

74. The receiver of claim 73 wherein said first reference 
signal is in-phase with said IF output. 

75 . The receiver of claim 73 further comprising a first 
detector having a first input coupled to said IF output and a 
second input coupled to said first reference signal. 

76 . The receiver of claim 75 further comprising an 
in-phase digital output circuit coupled to an output of said 
first detector and outputting an in-phase digital signal when 
a selected channel in said RF signal is in a digital format. a first mixer having a first input for receiving said RF 

signal and a second input coupled to a first reference 
source; and a second mixer having a first input coupled 
to said first mixer and a second input coupled to a 
second reference signal. 

77 . The receiver of claim 75 further comprising an analog 
65 video output circuit coupled to an output of said first detector 

and outputting a composite analog video signal when a 
selected channel in said RF signal is in an analog format. 
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84. The receiver of claim 83, wherein said first signal filter 
and said substitute filter are not physically located on said 
single integrated circuit substrate. 

78. The receiver of claim 75 further comprising an 
automatic gain control circuit coupled to an output of said 
first detector and adjusting an automatic gain control ampli
fier to control an overall receiver gain. 

79. The receiver of claim 72 wherein said coherent 
oscillator is switchably coupled to an IF output from either 
said first signal filter or said substitute signal filter and 
provides a second reference signal. 

85. The receiver of claim 83, wherein said input filter is 
5 not physically located on said single integrated circuit 

substrate. 

80. The receiver of claim 79 wherein said coherent 
oscillator provides said second reference signal for channels 10 

having said second signal formal. 
81. The receiver of claim 80 wherein said second refer

ence signal is 90° out-of-phase with said IF output. 
82. The receiver of claim 79 further comprising a second 

detector having a first input coupled to said IF output and a 15 

second input coupled to said stcond rdertnct signal. 
83. The receiver of claim 58 constructed substantially on 

a single integrated circuit substrate. 
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86. The receiver of claim 58 wherein all of said filters are 
not physically located on said single integrated circuit 
substrate. 

87. The receiver of claim 39, wherein said first and second 
signal filters are not physically located on said single inte
grated circuit substrate. 

88. The receiver of claim 39, wherein said conversion 
circuit is not physically located on said single integrated 
circuit substrate. 

89. The tuner of claim 52, wherein said first and second 
filters are not physically located on said single chip . 

* * * * * 
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