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QUASI-PARALLEL IF WlTH SHARED SAW .FiLTER. 

The sound trans.mission accompanying TV picture 
transmission in, for example, the NTSC system used in the United 

5 States, is a frequency modulated (FM) signal transmitted· 4.5 MHz 

above the radio frequency (RF) picture carrier. In .a typical TV 

receive·r, the picture and sound signals are processed together 

through the RF stage and the mixer (sometimes called· the first · 

detector). Typically, modern TV receivers are superheterodyne 

l 0 rec.eivers using a local oscillator frequency tuned above the 

receiving frequency. As a result, the sound and picture carrier 

signars appear transposed in frequency in the intermediate (IF) 

section, i.e., the sound carrier frequency appears 4.5 MHz below 

the picture carrier frequency. The · IF frequencies used in the 

l 5 United States are effectively standardized and results in the IF 

picture and tF sound carrier signals being 45.75 MHz and 41.25 

MHz, . respectively. 
As used herein and in the claims, the · term television 

receiver is intended. to include all appropriate apparatus whether 

2 0 or not a display device is provided, e.g., television sets and VCR~. 

A number of alternatives have been employed for 

further processing the IF signal provided by the mixer. In the 

conventional intercarrier system commonly used in monophonic 

television receivers, the picture and sound carriers are processed 

2 5 after the tuner in a common IF channel. The picture information 

· is amplitude modulated on the picture carrier and is detected by 

either an envelope or synchronous detector, and thereafter is 
processed in a video channel. . To recover the frequency 

modulated audio information, the two IF carriers are mixed to 

3 0 form an intercarrier sound signal having a frequency 

corresponding to the difference of the carrier IF frequencies. E.g., 

for the NTSC system a 45.75 MHz picture carrier is mixed with a 

41.25 MHz sound carrier for producing a · 4.5 MHz intercarrier 

sound signal. The frequency modulated (FM) intercarrier sound 

3 5 signal is subsequently demodulated by an FM detector to produce 

the audio information. 
The intercarrier system is subject to. the introduction 

of interference and noise in the 4.5 MHz sound carrier signal 
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which may cause distortion or other defects in the reproduced 
sound. Some forms of such interference are caused by 
modulations of the picture carrier signal when it is mixed with the 
so~nd tarrier signal. For example, the overall ·frequency 

5 characteristic of the picture IF section of· TV receivers is designed 
to accommodate vestigial sideband modulation of the picture 
carrier at the transmitter. As is well known, the characteristics of 
a typical receiver exhibit an approximately linear attenuation 
slope (sometimes called the "Nyquist slope") with the picture 

1 0 carrier frequency located on the slope 6 db down relative to a 
. . 

lower frequency sideband portion~ As a result, the lower and 
higher sideband signals are asymmetrically attenuated by the 
Nyquist slope characterist~c. . A known effect of this sideband 
asymmetry is to produce an undesirable phenomenon known as 

1 5 incidentai carrie~ phase modulation (ICPM) in the picture carrier 
signal which may result in the reproduced sound signal being 

• 
effected by an objectionable· "buzz". 

Other ICPM distortion can result from a number of 
sources all of which have the effect of imparting undesired video 

· 2 0 frequency phase modulation onto the picture carrier, which phase 
modulation is subsequently transferred to the 4.5 MHz 
intercarrier sound signal in the receiver and also results in "buzz" 
distortion of the reproduced sound signal for phase modulation 
frequencies. 

2 5 Multichannel audio for stereophonic (stereo)· and bi-
lingual broadcasting involves the use · of one or more audio 
subcarriers for forming a composite audio signal. The composite 
audio signal makes it desirable that the television audio signal 
bandwidth be increased to approximately 90 KHz or more as 

3 0 · compared with the 15 KHz bandwidth for a monophonic audio 
program. As a result, the audio buzz produced in the sound signal 
processing channel tends to be more severe in stereophonic 
receivers than in monophonic receivers. Additionally, sound 
detectors are more susceptible to interference at .higher audio 

3 5 frequencies. 
Alternative sound separation systems, e.g., the "split­

carrier sound" and "quasi-parallel sound" systems, have been 
employed to overcome· the "Nyquis.t" buzz problem. In split-
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carrier sound systems, after the mixer, the picture carrier signal is 

processed separately from the sound carrier signal for deriving 

the video a11d audio information. The intercai'rier method is 

utilized for sound- detection. A phase locked loop (PLL) ·provides a 

5 spectrally pure sine·· wave of the same frequency and phase of the 

picture carrier for mixing with the IF sound carrier. However, the 

PLL is relatively expensive to implement and the circuit requires 

additional amplifiers and tuned circuits as well as a more 

expensive integrated circuit chip. In this system the sound 

1 0 channel does not mix the modulated picture carrier at all and thus 

the audio buzz due to Nyquist ICPM as well as the other causes of 

buzz is greatly ·reduced. 
In the so-called "quasi-parallel" system sound and 

video signals are separately amplified and demodulated in 

1 5 different channels. · In the sound channel, . the IF picture carrier is 

additionally separately processed without a Nyquist slope 

characteristic and mixed with the sound IF carrier signal to form a 

4.5 MHz intercarrier sound signal. The intercarrier sound signal is 

subsequently demodulated to produce an audio signal which, after 

2 0 processing, is ultimately conveyed to a sound reproducing 

loudspeaker. 
More particularly, in the quasi-parallel system, the 

sound channel includes a filter section which receives the sound 

and picture . carriers prior to demodulation. The sound channel 

2 5 filter provides an input to a sound demodulating system which_ 

has a substantially symmetrical bandpass characteristic with 

.respect to each of the sound and picture carrier freque~cies and 

therefore does not subject the picture carrier to phase distorting 

Nyquist slope . processing (which is required for the proper 

3 0 demodulation of the vestigial sideband video information in the 

video channel). Additional circuitry such as amplifiers and tuned 

circuits are also required. 
In both of t)le alternate systems, (i.e., phase locked 

· loop and. quasi-parallel systems), SAW filters are often used. The 

3 5 SAW filter offers advantages in terms of small size, and 

reproducible performance without a need for alignment. 

However, the SAW filters are a relatively high cost component and 

often require additional preamplifier stages to make up the 
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insertion losses of the SAW filter. The use of two SAW filters, one 
in each of the video and sound. IF channels is not desirable. SAW 
filters are available as dual channel devices, and as. such are 
particularly useful in receivers employing the quasi-parallel IF 

5 principle. However, such dual channel · SAW filters are almost. 
twice the cost of single channel SAW filters and may not eliminate 
the need for additional components for the respective video and 
sound outputs. 

Accordingly, it is desirable to provide a high quality 
1 0 wide band audio signal processing section free of buzz which is 

economical to produce, with a minimum number of SAW filters. 

Summary of the Invention 
Briefly, to this end, according to an aspect of the 

1 5 present invention, the video IF signal and the sound IF signals are 
filtered by a shared SAW filter without requiring an additional 
SAW device for IF sound processing. The SAW filter has a 

bandpass frequency characteristic not having a Nyquist slope 
charactei:-istic which would otherwise produce ICPM. The input of 

2 0 the sound processing section is coupled to the output of the SAW 
filter. The required Nyquist slope for processing the video signal 
is provided by a contour filter. In the exemplary embodim.ent, 
the video signal is detected by a quasi-synchronous detector. 

Description of the drawini:s 
2 5 For· a better understanding of the present invention, . 

JO 

reference may be had to the accompanying drawings wherein: 
FIGURES 1-4 show block diagrams of prior art 

configurations for deriving intercarrier sound signals in television 
receivers. 

FIGURE 5 shows a block diagram including aspects of 
the present invention. 

FIGURE 6 shows a schematic diagram of the 47 .25 MHz 
contour filter circuit of Figure 5. 
Detailed Description of Preferred Embodiment 

3 5 · FIGURE 1 · shows a prior · art monophonic · system 

including a sound intercarrier sig~al processing section. Because 
of the limited frequency response requirecf for· such monophonic 
system, "buzz" is tolerable and ICPM caused by the "Nyquist slope" 

This Sheet Has. Been Replaced 

11111111111~ m1IM1111 
I 



: 

-5- RCA 83,930 

and other ICPM caµses are easily control1able. 'fhe IF signal is 
provided from a tuner 10 and fed to a video SAW 12 or other 
appropriate intermediate frequency bandpass amplifier having . a 
typical bandpass characteristic 13 as shown, and thereafter fed to 

5 a video detector 14, wherein the video carrier is mixed with, the 

sound carrier for providing · a video composite signal and a sound 
i.ntercarrier signal. 

FIGURE 2 shows one example of a so called "quasi- . 
parallel" sound system wherein the IF signal from a tuner· at 18 is 

1 0 fed to a video SAW 20 having a standard video bandpass 
characteristic (as indicated by 13 in· Figure 1) and then· fed to a 
video detector 22 for detection of the video signal. In order to 
avoid ICPM, the sound signal is processed by a sound SAW. 24 
having symmetric bandpass shapes with respect to each of the 

1 5 sound carrier and the video carrier frequencies. In this manner, 

the parallel sound channel separately bandpass filters the sound 
carrier and the picture carrier signals in order to prevent Nyquist 
slope and other problems. The two symmetric carriers are then 
mixed· in the sound detector 26 for deriving the 4.5 MHz 

2 0 intercarrier sound signal. 
Another approach . to . providing a buzz acceptable 

sound is provided with the phase locked loop (PLL) which 
provides a signal at · the video carrier frequency which is stable 
and fairly independent of video carrier modulation. More 

2 5 specifically, the phase locked loop permits mixing of a clean and 

frequency stable signal at the video carrier frequency fairly 
independent of any modulation or phase effects due· to the 
Nyquist slope or other video modulations of the video carrier. In 
. . 

this regard, referring now to FIGURE 3, video ·SAW 28 filters the 
3 0. IF signal derived from tuner 29 in the conventional Nyquist slope 

passband 30 _required for processing of the video channel and 
such signal is fed to a phase locked loop synchronous video 
detector 31 in a manner analogous to the system shown in Figure 
1 except that the· composite · video signal and the sound 

3 5 intercarrier signal are derived reasonably independent of ICPM 
and video modulations since the signal at the video carrier 
frequency used for mixing is derived by a voltage controlled 
oscillator of the PLL. 



5 

1 0 

-6- RCA 83,930 

Yet another example of the prior art using a PLL is 
shown in FIGURE 4 wherein the IF signal derived from tuner 32 is 
processed by a video SAW 34 in a conventional manner and 
detected by a synchronous detector 38. using the output of a PLL 
voltage controlled oscillator · (VCO) 36 fed to picture video detector 
38 for deriving the detected composite video signal. The output of 
VCO 36 is also fed to the sound detector 42 which when mixed 
with the modulated sound carrier from sound SAW 40 produces 
the 4·.5 MHz intercarrier signal which is detected at sound detector 
44. 

Thus FIGURES 2 _through 4 show various prior art 
approaches thought necessary in order to provide a wide band 
sound signal reasonably free of buzz. In such systems either a 
PLL is used to derived a mixing signal, or the sound signal is 

1 5 separately processed using a SAW filter. 
Referring now to FIGURE 5 wherein the tuner, IF, and 

detector circuits of a television receiver are shown, a television 
broadcast signal received ·by an antenna 50 is applied to a 
television tuner 51 which comprises an RF amplifier and mixer 52 

2 0 in combination with a local oscillator 54. Tuner 51 selectively 
translates the RF picture and sound carrier signals of a selected 
TV channel to intermediate frequency (IF) carrier signals at, e.g., 
45.75 MHz and 41.25 MHz, respectively for the NTSC system used 
in the United States. 

2 5 The television signal processing circuitry includes an 
IF filtering and amplifying section, generally designated as 58, 
and a video detector 60. A video signal processor 62 responsive 

· to the co~posite video signal developed at 64 provides a 
luminance signal at 66 to kinescope or CRT 70. Appropriate 

3 0 matrixed color signals (not shown) along with appropriate 
deflection signals (not shown) are also provided to CRT 70. 

In a conventional intercatrier IF passband response as 
provided by a video· SAW filter, the picture carrier signal is 
located 6 db down on the higher frequency slope and the IF sound 

3 5 carrier signal is·· located approximately 20 db down on the lower 
frequency s_lope so that the vestigial sideband video information 
can be detected without significant interference from the IF sound 
carrier. This is the Nyquist response which is required io 
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prQperly process the video information. The SAW filter 74 used 

herein presents a flat response for the video carrier as shown in 

response 72 so as not to introduce the "Nyquist incidental carrier 

phase modulation" to the IF picture carrier provided at terminal 

5 75 due to the asymmetrical attenuation of the side bands of the IF 

picture carrier, as discussed hereinabove. As discussed below, the 

Nyquist slope is provided after the sound takeoff at terminal 75 

by filter 78, described in greater detail below, for processing by 

the video channel. 

1 0 The· IF signal ·available at terminal 75 is amplified by a 

sound IF amplifier 82 and is detected by sound detector 84 by 

mixing the picture and sound carrier signals received from SAW 

filter 74 for producing a 4.5 MHz intercarrier sound signal at 86. 

The intercarrier sound signal is detected and the resultant sound 

I 5 · or audio information is coupled to sound signal processor 88 for 

decoding the stereophonic sound components and feeding them to 

loudspeakers 90. 
More particularly, the IF signal having a picture 

carrier and a sound carrier modulated with video and audio 

2 0 information respectively, is provided at 56 and is amplified by 

SAW preamp 94 which typically provides anywhere from 20 !O 
26 db amplification. to compensate for the large insertion loss of a 

SAW filter, which typically is around 20 d~. The amplified IF 

signal at 76 is then passed. through SAW filter 74 having a 

2 5 substantially flat 6 MHz bandpass characteristic. 

Correct detection of the video signal requires a 

response characteristic shown ·at 80. The output signal 'of SAW 

filter. 74 output is well suited for sound demodulatio1_1 due to the 

flat response not introd_ucing a Nyquist slope, but is thus not well 

3 0 suited for video. The required· Nyquist slope for the video is 

provided by filter 78 having a trap type of characteristic which 

contours the signal to produce a video signal for proper detection, 

as discussed more fully below. The SAW filter 74 also provides a 

substantial desirable ·attenuation at 47.25 MHz to reduce adjacent 

3 5 channel interference, and an attenuation at 39.75 MHz (not 

shown). 

. 
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The output signal from filter trap 78 is coupled to 

video IF amplifier 94 which is a conventional gain controllable 

amplifier having a terminal for AGC gain control (not shown). 

As discussed above, the transmitted signal requires a 

particular video shape for proper detection, and in particular, 

requires a particular Nyquist slope which has the problem o( 

introducing "buzz" in the reproduced sound. Filter 78 provides 

the required slope without effecting the sound IF "Yhich is tak~n 

off prior to filter 78. Thus, filter 78 contours the characteristic of 

the video IF and provides the Nyquist slope to the video channel,· 

but without reql.liring a separate SAW filter for the sound to avoid 

the Nyquist slope sound buzz problem. The passband 

characteristic of filter 78 is shown at 79 wherein the video carrier 

is 6 DB down at 45.75 MHz. Additionally, filter 78 provides an 

I 5 additional stage of 4 7. 25 MHz rejection for further reducing 

adjacent channel interference. The exemplary embodiment of 

filter 78 is what is commonly called a "trap", frequency 

elimination, or bandstop filter, depending upon how sharp. the 

frequency rejection curve is at the selected frequency of rejection. 

2 0 It is within the contemplation ·of the present invention that. filter 

78 can also be a low-pass filter providing the Nyquist proper 

slope and attenuations at 45.75 MHz and 47.25 MHz. The 

implementation of filter 78 shown in Figure 6 will be discussed 

below. 
2 5 The type of detection shown in the exemplary 

embodiment is what is commonly called quasi-synchronous· or 

pseudo-synchronous wherein the picture carrier is amplitude. 

limited (not shown) to remove any envelope modulation present 

on the carrier and utilized . as the reference input signal for a 

3 0 synchronous detector.. The output signal of video IF amplifier 94 

is coupled to synchronous video detector 60 wherein it is mixed 

with the derived picture carrier with the modulation removed 

(not shown) for providing a composi_te .video signal at 64. 

Thus, in summary, it is shown that IF signal processing. 

3 5 can be performed by using only a single SAW filter for both the 

picture IF and the sound IF along with strategic design and 

placement of filter trap 78 to provide a Nyquist slope for the 

picture channel only. 
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Referring now to Figure 6, there is shown a schematic 

diagram of filter 78. A resistor 92 (50 ohms) is coupled in series 

with the parallel circuit of a capacitor 94 (56 picofarads) .and a 

variable inductance 96 (nominally 0.2 microhenries) between an 

5 input terminal 91 and an. output terminal 98. A capacitor · 100 

(4.7 picofarads) and a resistor 102 (1000 ohms) shunt output 

terminal 98 to ground. The circuit is made adjustable to 

compensate for tolerances in the SAW filter and the filter 78 

itself. The frequency responses of trap 78 and SAW filter 74 

l 0 complement each other, i.e., trap 78 can be adjusted to 

compensate for defects in. the frequency response of the , SAW 

filter, such as a high frequency roll-off. Filter 78 is. adjust~d for a 

6 db attenuation at 45.75 and for a peak at about 44 MHz to 

improve the fidelity of the Nyquist slope. The trap is tuned to 

1 5 47.25 MHz. 
Thus, it is possible as disclosed herei.n, to produce an 

acceptable low level buzz free stereo signal using more economical 

circuitry than that employed in the prior art. The disclosed 

apparatus permits only one SAW filter (with related circuits) to be 

2 0 used and does not require a phase locked loop (PLL) synchronous 

detector which requires a relatively more expe·nsive integrated 

circuit chip and extensive external circuitry. However, it should· 

be noted that a PLL can be utilized if desired. The cost of. a dual 

SAW filter is saved. In addition to providing the conventional 

· 2 5 Nyquist slope, there is better 47.25 MHz rejection compared to a 
conventional filter alon·e .. ----------
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Claims: 

1. In a television receiver having a source ·of 

intermediate frequency (IF) signal (51) including a picture carrier 

5 and a sound carrier modulated with video and audio information 

respectively, the picture carrier and the sound · carrier having a 

predetermined frequency separation therebetween, apparatus for 

processing said signal comprising: 
a first IF bandpass filter means (74) for filtering said IF 

1 0 signal to produce a first filtered version of said modulated picture 

carrier and modulated sound carrier, characterized by 

a second I_F filter means (78) for providing a second 

filtered. version of the modulated picture carrier of the first filtereo 

version, 
1 5 a video processing means (94,60,62) including video 

detector means (60) having an input coupled· to the output of the 

second IF filter means (78) for providing a detected vid_eo sig.nal 

from the second filtered version of the IF· signal, and 

sound processing means (82,84,88) including sound 

2 0 · detector means (84) having an input coupled to the output of the 

first. IF bandpass filter means (74) for providing a detected sound 

intercarrier signal from the first filtered version of the IF signal. 

2. The television receiver of Claim 1 characterized by 

2 5 said first IF bandpass filter means · (74) has ·a characteristic wherein· 

amplitudes at adjacent frequencies above and below the frequency 

of said picture carrier are substantially equal, and 
said second IF filter means (78) has a characteristic 

wherein the amplitudes of adjacent frequencies. above and below the 

3 0 frequency of said picture carrier are substantially unequal, 

3. The television receiver of claim 2 characterized by the 

second IF filter means (7.8) provides trap attenuation of a selected 

frequency along the slope of the bandpass of the first IF bandpass 

3 5 filter means. 
. 
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4. The television receiver oi claim 2 characterized by the 

first IF ~andpass filter means (74) comprises a SAW filter and the 

second IF filter means (78) comprises a trap. 

5 · 5. The television receiver of claim 2 wherein the second 

IF filter means (78) frequency contou~s the video IF signal for 

providing a Nyquist slope not provided by the first IF filter means. 
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