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APPARATUS FOR DRIVING A MECHANICAL RESONATOR FROM A HIGH 
Th1PEDANCE SOURCE 

Background 
5 The present invention concerns television receivers having 

circuitry for driving a mechanical resonator such as a ceramic filter or the 
like, and more particularly, for driving such a mechanical resonator from a 
high impedance source such that the input impedance of the mechanical 
resonator substantially loads the source. As used herein, television 

1 0 receiver is intended to include any television signal processor such as a 
VCR or monitor, .with or without a display device such as a CRT. 

Ceramic filters and other mechanical resonating devices{ are 
commonly U;Sed in television receivers. For example, the video processin~~ 

. circui·~ry following a detector for providing a composite signal including 
I 5 color video and intercarrier components will often have a 4.5 MHz ceramic 

filter trap for removing the sound intercarrier signal from the composite 
signal produced by the video detector. Additionally, the sound processing 
circuitry will often have a 4.5 MHz bandpass ceramic filter for passing the 
intercarrier 4.5 MHz sound subcarrier while eliminating the rest of the 

2 0 combined signal.· It is. recommended by manufacturers of integrated 
circuits including detectors in applications notes that combined signals 
should be coupled to the ceramic filters by a low output impedance source 
such as an emitter follower. However, in order to improve performance, 

25 
e.g., to improve signal to noise ratios, it is sometimes ·necessary to provide 

. I 

extra voltage gain not available from an emitter follower. One econo1hical 
way to achieve this extra gain is to move one of the signal chains, e.g., the ..... 
sound chain, to the collector electrode of the emitter follower. Such an 
arrangement is shown: in U.S. Patent No. 3,091,659 (Massman). 

It is herein ·recognized that when the output for one of the 
3 0 signal chains, e.g., the sound chain, is moved to a transistor collector 

electrode, a problem arises because the ou_tput source impedance of the 
collector electrode of the transistor is high (typically more than l 00 
Kohms). This output source impedance is. much more than, e.g., 10 times. 
the input impedance of the ceramic filter which varies considerably with 

3 5 frequency. For example, the ceramic filter sound bandpass filter of the 
exemplary embo~iment has a relatively low input impedance, e.g., about 
400 ohms at the 4.5 MHz center frequency, and a much higher input 

impedance, e.g., 2-3 Kohms, at frequencies removed from the cl.!ntl.!r 

....... _ 
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frequency. Since the relatively low input impedance of the ceramic filter 
loads the high impedance signal source, the gain of the transistor circuit at 
the collector electrode changes with frequency according to the change of 
input impedance of the ceramic filter with frequency. 

5 This input impedance versus frequency characteristic of the 
ceramic filter is generally negligible when the signal is coupled from a low 
source impedance, e.g., 50 ohms or a source impedance comparable to the 
input impedance of the ceramic filter, e.g., that provided by an emitter 
follower. However, when driving the ceramic filter from a high source 

l 0 impedance, the input impedance versus· frequency characteristic of the 
ceramic filter becomes an undesirable factor since it causes an increase in 
gain at frequencies, such as at the 3.58 MHz color subcarrier frequency, 
that the bandpass filter is intended to filter out. Accordingly, it is 
desirable to provide an economical way for providing extra gain by driving 

1 5 the mechanical resonant device such as a ceramic filter from the collector 
electrode of a transistor (rather than at the emitter electrode), while 
overcomiµg the input impedance loading effect of the ceramic filter on the 
high impedance signal source provided at the collector electrode. 

20 Summary of the Invention 
Briefly, the present invention concerns a high impedance signal 

source driving a relatively low input impedance mechanical resonating 
device such as a ceramic filter having an input impedance which varies 
with frequency. The high imp·edance source is augmented by a resonant 

2 5 circuit tuned to the center frequency of the mechanical resonating dcvi<;e. 
The skirts of the resonant tuned circuit rapidly decrease in impedance on 
both sides of the center frequency of interest substantially compen~ating 

for the change of circuit gain with frequency due to the change of the input 
impedance with frequency of the ceramic filter. Thus, the changt: \)f 

3 0 impedance with frequency characteristic of resonant circuit 1 s 
complementary to the change of input impedance with freq ul'.111.: y 
characteristic of ceramic filter. 

35 
Description of the Drawings 

Reference may be had to the_ drawings wherein: 
FIGURE 1 shows a partial block diagram and a partial schl·!n.:: 1 •• : 

of portions of a television receiver, according to aspects of the p:,: rit 
invention. 
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FIGURE 2 is a representative impedance versus frequency 
characteristic of a tuned circuit having a center frequency of 4.5 MHz. 

FIGURE 3 shows a representative input impedance versus 
frequency characteristic of a ceramic filter, a tuned circuit, and the 

5 cumulative effect of the combination of the two, according to aspects of the 
present invention. 

Detailed Description of the Preferred Embodiment 
Referring how to the Drawings, wherein like ·members have 

1 0 been designated with like numbers, there is shown in FIGURE 1 pertinent 
portions of a television receiver. A television signal is received at antenna 
terminals 12 from an antenna receiving off the air broadcasts, or from a 
cable system, VCR, or the like, and is fed to a radio frequency (RF) 
amplifier 10 which in turn couples the signal to a mixer 14. Both amplifier 

1 5 10 and mixer 14 are portions of a tuner which selects the desired signal 
and converts it to. an intermediate frequency (IF) signal for further 
processing. The. IF signal is amplified in an intermediate frequency 
amplifier 16 and then coupled to a. video detector 1_8. The detected 
composite video signal includes a frequency modulated sound intercarrier 

2 0 signal at 4.5 MHz, and a video signal. The video signal includes a baseband 
luminance component and a phase modulated chrominance subcarrier 
signal at 3.58 MHz. The luminance component includes synchronization 
pulses. The present embodiment primarily conc.erns separation. of the 
video and sound IF signals, and accordingly the other aspects of the 

2 5 composite signal will not be discussed further. 
The detected composite signal at 20 is coupled to the base 

electrode of a transistor 22. Substantially the same amplitude composite 
signal is produced at the emitter electrode of transistor 22 across a resistor 
24 and is coupled to a 4.5 MHz ceramic filter trap 26 through an isolation 

3 0 resistor 28. The sound modulated 4.5 MHz intercarrier sound signal is 
removed from the composite signal by trap 26 and the remaining video 
signal is coupled to a video processing section (not shown) for further 
processing by a transistor 30. The further processing of the video signal is 
not directly pertinent to the present invention and will not be further 

3 5 discussed herein. 
In order to provide additional voltage gain to the intercarricr 

sound signal in order . to improve the. sound signal to noise ratio, in thl! 

exemplary embodiment the intercarrier sound ·signal is taken from 1 he 

.·:..:_:: •.. , .• .:.-~e.-
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collector electrode (rather than the emittei; electrode) of transistor 22. The 
collector electrode of transistor 22 is coupled to a capacitor 34 which is 
coupled in parallel with an inductor 36 thereby forming a parallel tuned 
resonant circuit. The values of capacitor 34 and inductor 36 are chosen to 

5 provide a resonance at the 4.5 MHz sound intercarrier frequency. Supply 
voltage is coupled to transistor 22 through .a low pass filter comprising a 
resistor 38 and capacitor 40. The intercarrier sound signal developed. at 
the collector electrode of transistor 22 is coupled th.rough an optional DC 
decoupling capacitor 41 an~ an optional isolation resistor 43 to a ceramic 

1 0 filter 42 which is a bandpass filter centered at the 4.5 MHz intercarrier 
frequency. Bandpass filter 42 removes virtually all of the video signal 
which would otherwise be present. 

As discussed above, the output impedance at the cotlector 
electrode of a transistor .is much higher than the frequency dependent 

1 5 input impedance of bandpass ceramic filter 42. The input impedance of 
filter 42 of the exemplary embodiment has a minimum value of about 400 
ohms at the 4.5 MHz center frequency and rapidly increases to 2 or 3 
Kohms on both sides of the center frequency. This input impedance versus 
frequency response is shown in FIGURE 3 by curve "a" having a saddle or 

2 0 valley point and extending upwardly for frequencies removed from the 
center frequency of 4.5 MHz. Without tuned circuit 34/36, due to the AC 
loading of the relatively high output impedance collector electrode of 
transistor 22 by the relatively low input impedance bandpass filter 42, the 
gain versus frequency characteristic of transistor 22 produced at the 

2 5 collector electrode would vary according to the change of input impedance 
of bandpass filter 42 as shown in curve "a" of FIGURE 3. This is 
undesirable since the resultant gain versus frequency characteristic is 
contrary · to the desired bandpass filtering transfer characteristic of fi I ter 
42. Specifically, the resultant gain versus frequency is undesirable 

3 0 because it provides considerably. higher gain, inter alia, at the undesirable 
3.58 MHz chroma subcarrier frequency than at the desired 4.5 MHz 
intercarrier sound signal frequency. The ·higher amplitude 3.58 MHz color 
subcarrier signal can cause transistor 22 to clip or saturate (effect the 
dynamic range of transistor 22), and may produce undesirable components 

3 5 in the reproduced audio signal which may be especially noticeable when 
relatively wideband stereophonic processing is utilized. 

This change· in gain versus frequency effect is overcome by the 
parallel tuned resonant circuit comprising capacitor 34 and inductor 36. 
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Tuned circuit 34/36 has an impedance characteristic shown in FIGURE 2 
and curve "c" of FIGURE 3. As shown,· tuned circuit 34/36 has a high 
impedance at the desired frequency of 4.5 MHz but the impedance rapidly 
falls off at frequencies on both sides of 4.5 MHz. As a result, greater 

5 amplification is achieved at the collector electrode of transistor 22 at 4.5 
MHz than at off-center frequencies such as 3.58 MHz. Thus, parallel 
resonant circuit 34/36 provides an impedance versus f_requency 
characteristic "c" which is complimentary to that of input impedance of 
ceramic bandpass filter. 42. The combination of the two characteristics 

I 0 produces a peaked response shown by curve "b" of FIGURE 3. 
The impedance versus frequency of the tuned circuit 34, 36 

can be adjusted by selecting the proper L/C ratio, which determines the 
impedance of the parallel resonant circuit at the resonant frequency, and 
the proper "Q" of the parallel resonant circuit, which determines the slope 

I 5 of the skirts. In the exemplary embodiment, the inductor 36 is 2.2 
microhenries and capacitor 34 is a 560 picofarad capacitor. The shape of 
the curve "c" can be tailored to take into account the effect of optional 
isolation resistor 43 and/or an optional shunt resistor 46 which are often 
used with ceramic filters and will slightly change the amplitude and slope 

2 0 of the curve 'b" of FIGURE 3. 
The effect of parallel resonant tuned circuit 34/36 can be 

looked at in two ways. Firstly, it· can be considered that the tuned circuit 
lowers source impedances at frequencies removed from the center 
frequency. This compensates for the c_hange of loading due to the ii:tcrease 

2 5 of the input impedance with frequency of ceramic filter 42. Secondly. the 
resonant circuit . impedance "swamps out" the input impedance of the 
bandpass filter 42 at frequencies removed from the resonant frequency. 
As a result, the gain of the transistor 22 at these removed frequencies is 
greatly reduced and compensates for the increase of gain which wou Id be 

3 0 due to the increase of the input impedance of ceramic filter 42 at such 
removed frequencies. 

A similar loading problem is not encountered with respect to 
the 4.5 MHz trap 26 in the video section since the video section is fed from 
the emitter electrode of the transistor which provides a low source! 

3 5 impedance, typically much lower than the input impedance of trap 26. 
In this manner, the tuned circuit 34, 36 introduc~:-.. ;1 

complimentary impedance curve to that of the input impedance of cl..'r;11111c 

filter 42, while still permitting substantial gain to be derived t r 11 m 
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transistor 22 at 4.5 MHz bandpass center frequency (where resonant 
circuit 34, 36 is resonant). 

Although . the present embodiment shows an NPN transistor, it 
is within the contemplation of the present invention that a PNP transistor 

5 can be used, or a FET of either the enhancement or depletion type in which 
case the drain electrode would be the high impedance output electrode, or 
any other appropriate device o~ circuit having a high impedance output for 
driving a ceramic filter or the like. 
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CLAIMS: 

1. In a television receiver, an amplifier circuit 
characterized by: 

5 .amplification means (22) having a relatively high 
impedance signal output means, 

a first load means (34,36;42) coupled to the high 
impedance sig_nal output means (22), said first load means (34,36;42) 
having a first input impedance versus frequency characteristic and 

I 0 an input impedance relatively lower than the high impedance signal 
output means, and 

a second load means (34,36;42) coupled to the high 
impedance signal output means (22), said second load means 
(34,36;42) having a second impedance versus frequency 

1 5 characteristic which is complementary to the first input impedance 
versus frequency characteristic such that the amplitude versus 
frequency characteristic of a signal at the high impedance signal 
output means (22) is in part determined by the first load means 
(34,36;42) and in part determined by the second load means 

2 0 (34,36;42). 

2. The amplifier circuit of claim 1 characterized in that 
the first input impedance versus frequency characteristic has a first 
higher input impedance portion and a first lower input impedance 

2 5 portion, and the second impedance versus frequency characteristic 
has a second lower impedance portion generally coincident in 
frequency with the first higher impedance portion and a second 
higher impedance portion generally coincident in frequency with the 
first lower impedance portion. 

30 
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3. The amplifier circuit of claim 1 characterized in that 
first input impedance versus frequency characteristic has two first 
higher impedance portions with a first low impedance portion 
therebetween, and the second impedance versus frequency 

5 characteristic has a second higher impedance portion substantially 
coincident in frequency with the first low impedance portion and two 
second low impedance portions substantially coincident in frequency 
with the two first higher impedance portions. 

10 4. An amplifier circuit of claim. I, characterized by: 
the first load means (34,36;42) is a tuned circuit (34,36), 

and 
the second load means is a mechanical resonator (42). 

1 5 5. The amplifier circuit of claim 4 characterized in that 
the tuned circuit (34,36) has a resonant frequency and a peaked 
impedance at the resonant frequency, and the mechanical resonator 
( 42) has a ceriter frequency substantially coincident in frequency 
with the resonant frequency of the tuned circuit with a low valley of 

2 0 input impedance at the resonant frequency. 

25 

6. The amplifier circuit of claim 5 characterized in that 
the amplifier means (22) is a transistor, and the relatively h"igh 
impedance output means is a collector ·electrode of the transistor. 
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