
Copyright 1954, by General Electric Company

TUBE DEPARTMENT

GENERAL &3 ELECTRIC
Schenectady 5, N. Y.

SEPTEMBER-OCTOBER, 1954 VOL. 9-NO. 5

You have to hear 'em before you can work 'em,
the saying goes. So here's a 220-megacycle “hearing
aid” that will give the UHF old-timer a lift—and give
the UHF tyro a good start. It's a 220-225-megacycle
crystal-controlled converter that feeds a 10-15-mega-
cycle signal into a communications receiver. Take a look,

fellows. —Lighthouse Loy

220 Mepacycle Converter: 7 . U b v L E e page 2

Rasloingscaeme Balshy - 0. . e page 6

Sweepingihe Bbecliom .« . o e page 7

UHEDIBE: 0 f - et s e e s e page 8



Ry

220-MEGACYCLE
CONVERTER

CIRCUIT DESCRIPTION

This 220-megacycle converter uses 6AJ4 and 6AM4
type tubes developed by General Electric especially
for high-frequency service. As shown on the circuit
diagram, two stages of radio frequency amplification
are used. These are 6AJ4’s in grounded grid service
rather than in cascode circuits because of the relative
ease in getting the circuits into operation. Performance
does not seem to be impaired, because the noise
figure was found to be between 5 and 6 db. In addition,
the circuit is not critical to adjust.

A 12ATY7 is used as a fixed oscillator, the first stage
operating at 70 megacycles with an overtone crystal in
a Butler-type circuit. The second half of the 12AT7
triples to 210 megacycles, and this frequency is injected
into the 6AM4 mixer by means of a 1 micro-microfarad
coupling capacitor. The resultant intermediate fre-
quency varies from 10 to 15 megacycles, depending
upon the frequency of the signal being received. The
220- to 225-megacycle amateur band thus is covered
by tuning the station receiver between 10 and 15 mega-
cycles.

Two Butler-type circuits were built, both using a
70-megacycle overtone crystal, and each oscillated
satisfactorily. If a lower oscillator crystal frequency is
to be used, it will be necessary to rearrange the circuit
and add another multiplying stage. In this event, a
7.77-megacycle crystal could be used in a stage which
picks off its third overtone of approximately 23 mega-
cycles—and then multiplication continued to 210
megacycles as in the circuit described here. The
oscillator circuits were set up initially with a grid-dip
oscillator and required some later adjustment in
tuning and coupling to optimize performance. The
variable capacitors specified allow plenty of tolerance
for circuit variations.

The 6AM4 mixer stage is a grounded cathode circuit.
This tube has five grid pins, and no trouble was en-
countered in using two of these pins. The three unused
grid connections were removed from the socket to
minimize stray capacitance. A single-stage IF ampli-
fier uses slug-tuned coils and a 6AKS5.

The converter requires from 125 to 150 volts of B
plus rated at 50 to 60 milliamperes and a 6.3-volt
filament source that will handle 1.2 amperes. Both
the filament and high-voltage leads are by-passed at
the terminal block by feed-through capacitors (Co;
and Cy) to prevent possible interference from a strong
shortwave station at the IF frequency which might
enter the converter through the power connections.
If such a station is nearby, it may be necessary to
cover the 6AM4 and 6AKS5 and use a bottom plate
on the chassis. Such precautions prevent frayed nerves
when trying to copy 220 DX.

NOISE PERFORMANCE

As always at these frequencies, noise is an important
factor and considerable success was experienced in
reducing this figure.

In the VHF and UHF range the ultimate sensitivity
of a receiver or converter is limited by its noise figure.
It is important to reduce noise figure as low as possible.
If the noise figure is reduced from 15 db (a not un-
common figure) to 5 db, it has the same effect as
raising by 10 times the power output of the station
sending to the receiver. The 6AJ4 and 6AM4 tubes
were designed to provide top performance at the UHF
television range, and they perform beautifully at 220
megacycles.

A noise generator should be used to optimize per-
formance. Such circuits have been described numerous
times in amateur publications, and the circuit of the
one used to set up this converter is shown in Figure 1.

Fig. 1—Home-built noise generator uses a 0 to 2 ma
meter

C—.001 mfd ceramic disc or tubular
R,—10,000-ohm potentiometer
R,—56 ohms, 14 watt
X—silicon diode (IN22 or IN23)
M-—0-1 or 0-2 ma d-c meter
B—3 volts

A silicon crystal diode must be used and the one shown
here is a surplus 1N23 held into the circuit with a fuse
clip and a pin taken from an octal socket. The time
spent in constructing such a noise generator will be
more than made up in optimizing performance of the
converter.

The general procedure used for this converter was
to first set it up for maximum gain (as measured at
the detector of the station receiver) with a signal
generator that will put out a 220-megacycle signal.
After this was done the noise figure of the converter
was measured on a laboratory-type noise generator
and found to be 9 db. Then the home-built noise
generator was connected to the receiver, and adjust-
ments made as described below until optimum noise
performance was obtained.

When finally checked against a laboratory-type
noise generator, the noise figure was between 5 and 6
db—fairly respectable performance at 220 megacycles.
It should be noted that optimum noise figure is not
necessarily obtained at the point of optimum gain.
Thus, in the absence of laboratory-type noise generators
which can actually measure the noise figure, it is
important to adjust for minimum noise figure on the
home-built noise generator rather than for maximum
gain.

PRELIMINARY CONSTRUCTION

Construction is not difficult, but should closely follow
the layout and wiring of the model illustrated. The
converter contains a total of 55 parts to be wired in—
that is, capacitors, resistors and coils. This averages
only about nine parts for each of the six stages—and
only five of the connections are particularly critical.
The accompanying illustrations have been carefully
made with a view to assisting the reader in following
the construction as closely as possible.

A 5x7x2-inch aluminum chassis should be laid out
according to Figure 4—although slight variations are
permissible to accommodate the actual parts the builder
has gathered. It is wise to have on hand all the necessary
parts—including the coils—before starting construc-
tion. Care should be taken to drill tube socket-mount-
ing screw holes so that sockets will be properly oriented.

After the chassis is drilled and punched, the follow-
ing parts can be mounted: RF connectors, terminal
block and its feed-through capacitors, crystal socket,
IF coil forms, the 4-30 micro-microfarad ceramic
trimmer, the tubular ceramic trimmers, the variable
air capacitor, and the four tie-points which support
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