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High-quality FM multiplex performance imposes
stringent requirements on tuner gain, quieting, and
limiting sensitivities. In addition, the spurious
response of the tuner becomes relatively more im-
portant as the receiver sensitivity is increased.
When high-performance receivers are used in metro-
politan areas, good receiver operation is made very
difficult (if not impossible, in some instances) by
the presence of powerful stations which transmit
frequencies close to the carrier, image, or half-if
frequency of the desired carrier. When harmonics of
other signals combine with harmonics of the receiver,
sum or difference frequencies close to the inter-
mediate frequency may produce an undesired re-
sponse.

This paper describes a design analysis program
undertaken to improve the spurious-response im-
munity of high-quality tuners. Commercially avail-
able 3-and 4-coil tuners were investigated thoroughly
to determine the quiescent operating points, circuit
configurations, and component layouts which would
provide maximum tuner sensitivity while maintaining
good tuner gain and low noise.

3-COIL TUNER PERFORMANCE

Fig.1 shows the circuit diagram used to evaluate
the performance of a 3-coil tuner incorporating
single-tuned antenna and rf interstage coils. The
common-emitter configuration is used in the rf-
amplifier and mixer stages, and the common-base
configuration in the oscillator stage.
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The selectivity of the antenna and rf interstage
coils is shown in Fig.2, together with the in-circuit
unloaded and loaded coil Q’s used to obtain the
desired selectivity and the over-all response of the
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Fig.2 - Selectivity and response curves for
3-coil tuner.

tuner. The tuner was assembled carefully to assure
that component layout and/or ground loops did not
alter the degree of loading necessary to obtain the
desired coil Q. It was necessary to check frequently
for tuner gain, noise quieting, bandwidth, and
spurious rejection to be certain that a change in
lead dress or bypass capacitor did not significantly
change the coil Q’s from the values employed in the
design calculations.
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Fig.1 - Circuit diagram of 3-coil FM tuner.

*In the text, the word “tuner” refers to the rf-amplifier, mixer, and oscillator sections of the FM receiver only.












tests, supplemented by extensive field testing, have
shown that the 4-coil tuner provides acceptable
performance in areas where even the best 3-coil
tuners provide only marginal performance.

APPENDIX A

The use of a pi-section tunable-trap rf interstage
coil is well suited to permeability tuners in which
the coils may be electrically isolated from ground.
In the case of capacitive tuning, the use of a pi-
section tunable trap requires that one section of the
tuning gang be electrically isolated from the other
sections. For practical reasons, only parallel ca-
pacitive tuning was evaluated in the investigation
described. However, the calculations below illustrate
the difference in attenuation between a parallel-
tuned circuit and a pi-section circuit.

Fig.11 shows the equivalent circuit for a
parallel-tuned circuit. As an illustrative example,
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Fig.11 - Equivalent circuit for parallel-tuned circuit.

the following parameter values are assumed for
this circuit:

operating frequency, f, =98 megacycles per second
tuning capacitance, C; = 11.8 picofarads

tuned resistance, Ry = 9000 ohms

input resistance, Ri, =450 ohms

output resistance, Ry, = 30,000 ohms

inductance, L =0.224 microhenry

unloaded Q, Q, =65.4

The value of A, the terminal impedance of the rf
collector, is given by

(9000/n2) x 450

Az=———ps—""

(9000/n2) +450

This equation can also provide the following values:
terminal impedance of mixer base, A' =170 ohms

loaded Q, Qp, =47.4

turns ratio, n =7.25

=123.5 ohms

The attenuation o at different frequencies can then
be calculated as follows:

o =(1+X2"

where X is given by
X =(Qp2 +/1,

For the half-if frequency of 103.35 megacycles per
second, o is equal to 5.26, or 14.44 dB; at the image
frequency of 119.4 megacycles per second, pis equal
to 10.35, or 20.3 dB.

The equivalent circuit for a pi-section network
with a tunable trap is shown in Fig.12(a).
same parameters used in the case of the parallel-
tuned circuit (L = 0.224 yH, A = 123.5 ohms, A’ =
170 ohms) at an operating frequency f, of 98 mega-
cycles per second and with the trap tuned to the
image frequency of 119.4 megacycles per second, the
pi-section circuit may be simplified as shown in
Fig.12(b). The coil inductance and tuned resistance
may then be transformed to the series combination
by use of the following equations:

Rs =r1y/(1-02)2
Ly =14/(1-a)

where Rg; and Lg are the coil resistance and in-
ductance, respectively, at the operating frequency
fo,rgand lg are the resistance and inductance values
at the tuned frequency f,, and a is the ratio of
operating frequency to tuned frequency fy/f,. The
transformed circuit is shown in Fig.12(c). The
circuit attenuation at the half-if frequency of 103.35
megacycles per second is 8.2dB, and the attenuation
at the image frequency of 119.4 megacycles per
second is 36.48 dB.
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Fig.12 - Equivalent circuits for pi-section network
with tunable trap.
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APPENDIX B

The characteristic E;I, curves of a transistor
nay be represented by the following power series:

I. =A, +A1E;4 +AgE;2 +A3E;3 tAE4 .. ..
where 1. is the collector current for the input volt-
age E;. In the case of a transistor mixer stage oper-

ated in the common-base or common-emitter config-
uration, the input voltage E; may be represented by

E; =Eg cos wgt TE}, cos wpt - Ey,

where Eg cos wgt is the rf input voltage, Ey coswpt
is the local-oscillator input voltage, and Ey is the
bias voltage.

These two equations can be combined to provide
an expression for the conversion transconductance of
the mixer in which the difference-frequency output-
voltage terms E;; may be represented by

Eif =A Es Ehn cos (n Wy - (x)hn)
Eif TAE " Ej cos (nwp - wgp)

where wg = angular frequency of the

= 2mfy (fg
rf signal)

= 27ty (f, = angular frequency of the
oscillator signal)

Wh

wgn = 27fgy (fg, = harmonics of the signal
frequency)

wpp = 27fy, (fhn = harmonics of the oscil-
lator frequency)

n = number of the harmonic frequency (1,
2,3...

These difference-frequency equations show that
harmonics of either the rf or the oscillator frequency
may produce an undesired signal equal to the inter-
mediate frequency of the receiver. Furthermore,
because the interfering signal involves signal-
frequency harmonics, the frequency deviation is
increased. As a result, it is possible that a spurious
response may cause an audio output greater than
that produced by the desired carrier.
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