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An FM Tuner Using an RCA-40468
MOS-Transistor RF Amplifier

by

H. M. Kleinman and C. H. Lee

Previous work with field-effect transistors in
general, and MOS field-effect transistors in particular,
has demonstrated the superior signal-handling capability
of this type of device. 1-3  This Note describes an FM
tuner that incorporates an MOS field-effect transistor
as the rf amplifier, and shows how the MOS transistor
is instrumental in minimizing the spurious responses
normally found in FM receivers.

Spurious responses result when harmonics of an
unwanted incoming signal mix with harmonics of the
local-oscillator signal to produce a difference frequency
which falls within the if passband of the receiver.*
When these harmonics of unwanted signals are created
in the rf amplifier, they may be removed by improved
filtering between the rf amplifier and the mixer. When
used as an rf amplifier, the MOS transistor produces an
output signal that contains low levels of the harmonics
of unwanted signals. As a result, the need for a double-~
tuned rf interstage transformer is reduced and accept-
able performance can generally be achieved with single-
tuned circuits in both the antenna and rf interstage
sections.

The FM tuner described in this Note utilizes an
RCA-40468 MOS rf amplifier, an RCA-40478 bipolar
mixer, and an RCA-40244 bipolar oscillator. The rf-
stage gain of 12.7 dB and mixer gain of 21.8 dB yield

* In a receiver tuned to 100 MHz, the local oscillator is tuned
to 110.7 MHz. The second harmonic of the local oscillator
occurs at 221.4 MHz. A signal at a frequency of 210.7 MHz
can beat with the 221.4-MHz signal to form the 10.7-MHz
intermediate frequency. This 210.7-MHz frequency is the
second harmonic of 105.35 MHz, which is above the desired
channel by half the intermediate frequency.

a total tuner gain of 34.5 dB. A three-stage if-amplifier
strip that uses RCA-40482 bipolar transistors and ex-
hibits M4 dB of gain completes the FM tuner.

Table I summarizes the performance of the system.
The figure shown for if rejection was achieved when the
tuner section was tested with a fully shielded, remotely
located if-amplifier strip. When the final tuner was
assembled, only partial shielding was used around the
if amplifier. This partial shielding, coupled with the
close proximity of tuner and if amplifier, reduced the
if rejection to 77 dB.

Carrier Frequency . . v v v e v e e eeeensoeaaas 100 MHz
Modulation s.iwwwwacessssiossns 400 Hz, 22.5 kHz deviation
Sensitivity:*

For 20-dB signal-to-noise ratio «......... 1.4 uV

For 30-dB signal-to-noise ratio . ......... 2.2 ny

For -3-dB limiting point (with 94-dB if strip). . 1.6 uV
Image Rejection® . .. ..o iiiieinneennns 72 dB
IF Rejection® . .......0cviiveennnnnnn 91 dB
Half-IF Rejection® .. .....ciiveneeenens 96 dB
Rejection of Other Spurious Responses®

(with 0.2 volt at antenna terminals) ....... >100 dB

* Measured at antenna terminals (300-ohm nominal impedance).
¢ Relative to 2 uV.

Table | - Over-all Tuner Performance

Circuit Considerations

The rf section of the tuner is shown in Fig.1, and
the if strip in Fig.2. The if strip, which is described
more fully elsewhere,4 utilizes three 40482 bipolar
transistors that operate at collector currents of 3.5
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All resistors 1/2 W.
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CnCy = 2-12 pF, Trimmer

CpCsCig = 5.5-22.5 pF, ganged tuning capacitor

Ry =100K( Cq,CgiCqg =16 pF

Ry  =220K(

R/Ry =47 KQ C3,Cg =0.002 pF

Rg =47 KQ

Rg =8.2K(Q Cg =5000 pF

R~ =120 KQ Cyo =2.7 pF

Rg  =22K(Q Cyy =0.01 wF
C12€14C5 =

1000 pF

C]3 = 1000 pF feedthrough type
Cy7 =2-10 pF, Trimmer

#18 bare copper wire, 4 turns, 1/4” 1.D., 7/16" winding length, Qg at 100 MHz = 130.

#18 bare copper wire, 4 turns, 1/4" 1.D., 7/16" winding length, Qg at 100 MHz =120,

= #18 bare copper wire, 4 turns, 7/32" 1.D., 7/16" winding length, Qg at 100 MHz =120.

L, =
1
Tunes with 34 pF capacitance at 100 MHz,
Antenna Link approximately 1 turn from ground end.
Gate Tap approximately 1-1/2 turns from ground end.
Ly =
Tunes with 34 pF capacitance at 100 MHz.
Base Tap approximately 3/4-turn.
Ly =

Tunes with 34 pF capacitance at 100 MHz.

Emitter Tap approximately 1-1/2 turns from ground end.

Base Tap approximately 2 turns from ground end.

Fig.1 - Typical FM receiver front end using RCA-40468 MOS field-effect transistor.

milliamperes in neutralized configurations and provide
an over-all if gain of 94 dB.

The rf section provides a total gain of 34.5 dB,
which includes 12.7 dB in the rf stage and 21.8 dB in
the mixer. The mixer and oscillator were designed
according to principles established previously,s’6 and

details of their design are not discussed. The common-
collector oscillator provides an extremely clean oscil-
lator waveform. In addition, the low injection level at
the mixer base, 25 to 30 millivolts, coupled with the
design of the preceding circuits, limits the maximum
possible signal at the mixer base and minimizes the
generation of spurious responses in that stage.
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Fig.2 - Typical if-amplifier strip.

RF-Stage Design

The 40468 rf stage is designed to achieve the
published maximum usable stable gain of 14 dB at a
nominal operating point of 5 milliamperes. Additional
losses of 1.3 dB reduce the actual gain in the tuner to
12.7 dB. Details of the rf-stage design are given in
the Appendix.

Selection of the appropriate source and load im-
pedances for the rf stage is based on the fact that a
low spurious response requires the gate of the 40468 to
be tapped as far down on the antenna coil as gain and
noise considerations permit. This arrangement applies
the smallest possible voltage swing to the gate and
makes optimum use of the available dynamic range.
(In a bipolar tuner designed to optimize the rejection
of spurious responses, the tap point on the antenna
coil was approximately 25 ohms.)

For low spurious response, therefore, the entire
rf coil is used as the load for the 40468. The interstage
coil presents a load impedance to the rf stage of 3800
ohms, which nearly matches the 4200-ohm output im-
pedance of the 40468. Although this arrangement loads
the interstage coil and causes a degradation of selec-
tivity of the front end, it is an acceptable compromise in
this case because the antenna coil is not loaded by the
gate of the MOS transistor.

As indicated by the calculations in the Appendix,
this approach yields a source impedance of approxi-
mately 200 ohms for the 4500-ohm input impedance of
the gate of the 40468.

Tuner Performance

Performance of the tuner with respect to sensitivity
limiting, if rejection, and image rejection compares
favorably with that of tuners using high-performance

bipolar transistors. Figs.3, 4, and 5 show typical per-
formance characteristics of the receiver. Receiver per-
formance, particularly as regards spurious-response-
rejection figures, is highly dependent on such factors
as physical layout, power-supply decoupling, and care
in construction. The use of a negative supply voltage
facilitates the grounding of tuned circuits and the de-
coupling of the supply.
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Fig.3 - Sensitivity curves for FM receiver
using circuits of Figs.l and 2.

The elimination of spurious response was the pri-
mary goal in this design. Generally, a circuit that has
a low spurious response is difficult to reproduce. In
some systems, the performance of such acircuit depends
on the exact operating points of the transistors used;
when the rf-amplifier transistor in Fig.1 was repeatedly
changed, performance of the tuner remained essentially
the same. The best correlation was found with the
operating current of the transistor in the circuit. Fig.6
shows the change in the rejection of the ‘half-if’’
spurious response as a function of drain current for a
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Fig.6 - Half-if rejection as a function
of operating point.

typical 40468. For the normal spread of operating cur-
rent in this circuit of 3.5 to 7 milliamperes, the varia-
tion in rejection is shown to be about + 1 dB.

Fig.7 shows the variation of 20-dB quieting sensi-
tivity as a function of drain current, and indicates why
the 5-milliampere nominal operating point was chosen.
Below 3 milliamperes, the sensitivity of the receiver
degrades very rapidly. However, at 5 milliamperes the
actual spread of 3.5 to 7 milliamperes causes a negligi-
ble change in performance.
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Fig.7 - 20-dB quieting sensitivity as a function
of operating point.

Conclusions

The 40468 MOS field-effect transistor has been
incorporated into an FM tuner in which all other stages
are high-performance, low-capacitance bipolar types.
The wider dynamic range of the MOS transistor provides
significant improvements in the rejection of spurious
responses over results previously achieved with bipolar
rf amplifiers.

Most significantly, the performance with respect
to spurious-response rejection has been repeated when
devices with wide parameter variations have been used.
Furthermore, the system has been duplicated with
comparable results. These two factors strongly indicate
that the performance advantages are real and are attribut-
able to the characteristics of the MOS rf amplifier used
rather than theresult of cancellation or peculiar trapping
in a single tuner.

Information furnished by RCA is believed to be accurate and re-
liable. However, no responsibility is assumed by RCA for its use;
nor for any infringements of patents or other rights of third
parties which may result from its use. No license is granted by
implication or otherwise under any patent or patent rights of RCA.




Appendix - Design of 40468 RF-Amplifier Stage

The following parameters are important in the de-
sign of the rf-amplifier stage:

40468 parameters (atVpp =15 V, ID =5 mA):

input resistance Rip . . ...... 4500 ohms
output resistance Rouyt . . . .. . . 4200 ohms
forward transmittance ypg . . . . . 7500 pmhos

feedback capacitance Cygg (max). 0.2 pF

mixer-stage parameters:

input resistance Rip(mix) . . . .. 550 ohms
input stability IS(mix)
(from previous design) . . . ... 4
coil data:
mounted unloaded Q. ... ... .. 120
tuning capacitance CT
at 100MHz ............. A pF
antenna impedance . ........ 300 ohms

Fig.8 shows the ac equivalent circuit for the rf
stage. At resonance, this circuit reduces to the form

Fig.8 - AC equivalent circuit of the 40468 rf stage.

shown in Fig.9, where all impedances are referred to
the gate and drain terminals of the 40468. The maximum
available gain (MAG) is the gain in a conjugately
matched, unilateralized circuit and is defined as follows:
2
¥£s|“ Rin Rout

MAG = — (1

For the values given above, MAG = 266 = 24.2 dB.

N32 N32 > Nq 2
(N_Z)ENI (N—,)Rjg §RIN(RF) l |‘Y/f5|§3QET(RF)::‘RJT2 g‘(é) Rin(MIX)

- — R e —
R, Rp
Fig.9 - Equivalent input (R7) and output (R)) circuit
of the rf stage during resonance.

The maximum usable gain MUG is the stable gain
which may be realized in a practical neutralized or un-
neutralized circuit. It is defined by the relationship
for the unneutralized case as follows:

X— (2)

where a is a skew factor smaller than unity which
is used to maintain bandwidth, and b is a number
equal to or greater than unity related to the number of
stages (inserted to maintain bandwidth in multistage
amplifiers). A skew factor of 0.2 is generally used.
Because only one stage of 100-MHz gain is used in the
amplifier shown in Fig.1, b = 1. For the values given,
therefore, MUG is given by

0.4 ¥fs

w

MUG = = 23.5 = 13.7dB (3)

ISS

The total mismatch loss is called the stability factor S,
and is equal to the difference (in dB) between MAG and
MUG, as follows:

S = MAG - MUG = 10.5 dB, or 11.3 times (4)

This value is arbitrarily divided between the input and
output circuits by use of an input stability IS and an
output stability OS, as follows:

IS = Rin/2R1 (5)
0OS = Rout/sz (6)

where R1 and R9 are the total parallel impedances at
the input terminal (gate) and the output terminal (drain),
respectively. These stability terms are related to the
stability factor S as follows:

S =1Sx 08 )

The division between IS and OS is made by means
of some arbitrary choices. As mentioned previously,
it was decided to maximize IS so that the signal level
at the gate would be minimized. This choice necessi-
tates matching or nearly matching Rout to its load.
Therefore, the entire rf coil is used as the output load.

As indicated in Eq.(6), the value of R2 must be
determined to define OS; the value of IS can then be
determined and the input circuit defined. R9 consists
of the parallel combination of Royt, RT9, and (N1/N2)2 x
Rin(mix), where RT9 is the tuned impedance of the rf
coil and is given by

RT9 = Qo/wo Cy (8)

The value of Royt is given above as 4200 ohms. The
value of RTg as calculated from Eq.(8) is 5600 ohms.
The value of the input impedance of the mixer Rijp(mix),
obtained from the published data for the 40479, is 550
ohms. The only remaining component of R2 to be deter-
mined is the turns ratio N1/No.

In Fig.8, the rf coil LQ represents both the input
circuit of the mixer and the output circuit of the rf
stage. Therefore, the stability of the mixer stage must
also be considered. Because stability factors are
equal to resistance ratios, the input stability of the



mixer can be considered at the top of the rf coil, as
follows:
(N1/N2)2 Rin(mix)

IS(mix) = (9
mix >Ra

The value of IS(mix) was specified above as 4 (from a
previous design). Because R2 is a linear function of
(N1/N2)2 Rin(mix), manipulation of the data through
several steps provides a value of 5.5 for (N1/N92) and
a reflected value of 16,800 ohms for Rjp(mix).

The output stability of the rf stage can then be
determined. RQ is computed as the parallel combination
of Rout, RT9, and (N1/N2)2 Rip(mix), and is found to
be 2100 ohms. The output stability OS is determined
from Eq.(6), as follows:

0S = Rout/2Rg = 4200/(2x2100) = 1

The value of unity indicates an impedance match be-
tween Ryt and the load.

The input stability of the rf amplifier can then be
determined from Eq.(7), as follows:

IS = S/0S = 11.3

By use of this stability term, the input-circuit constants
can be calculated. R7] is determined from Eq.(5), as
follows:

R1 = Rin/2IS = 191 ohms
This value is so much lower than Rjp that it is apparent
the MOS transistor does not load the antenna coil at all.

Because it is desired to match the antenna with
the input circuit, the value of R should be one-half the
reflected antenna impedance. Therefore, the value of

(N3/N2)2 RANT is 382 ohms, which is a very slight step
up. Because two of the three component terms of Rq are
then known, the remaining term (N3/N1)2 RT1 can be
determined as 456 ohms. The turns ratios are then
given by

N1/Ng = 4.3

N1/Ng =3.7

The values of circuit components obtained by means
of this design method are given in the parts list for
Fig.1.
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