6.7 A CLASS C LINEAR R-F AMPLIFIER

As soon as the eyebrows stop clicking and the unbridled laughter ceases, clear

your mind of all the facts that you have just been reading, about classes of operation. -

Hold off regarding opinions on my.sanity for a few pages; I must warn you, I have
a lawyer. Strange as it'may seem, I am about to describe an amplifier that uses no
grid bias supplies (either regulated or otherwise), obtains its bias by rectifing the
driving SSB signal, and does not employ screen regulation! As a matter of fact, the
screen voltage is obtained through a huge dropping resistor, and the voltage kicks
around wildly! '
Possibly some background information will help to soften the blow. Some time
ago, the author did a conversion on the Heath DX-100 to double sideband (April 57
CQ Mag.). In this conversion, the grid voltage was not stabilized, the screen voltage
was not regulated, and the original clamp tube was left in the screen circuit. Many
of the more learned hams scoffed at such an idiotic conversion, but the fact remained
that the 6146 final in the DX-100 did operate as a linear! The r.f. peaks were
extremely sharp and the cross-over “X” was just like the book said it should be.
Unfortunately, I did not take thg t.i;m to investigate why the device worked.
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Fig. 6.7A—Schematic for the ZL linear (ZLIAAX). Note that -
no external bias supply is used and the screen voltage is not e
regulated. L1 shouid resonate on the desired bun’d with C1.

Some time before this, Lester A. Earnshaw, ZL1AAX, was conducting experi-
ments along the same line, that is, using a clamp tube in conjunction a class C
amplifying stage. Lester perfected the circuit, and it is this design that is presented
here (fig. 6.7-A). His design has been duplicated with the same success by hams
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all over the world, but the comment “I don’t believe it” still persists whenever it is
described over the air. The whole idea is akin to the bumble bee which, according .
to the laws of aerodynamics is too heavy in the body and too small in the wing -
to be able to fly. Fortunately for the bee kingdom, they do not know anything

about aerodynamics!

The circuit for the ZL Linear (ZLIAAX) uses the popular 813, in a c]ass C-
circuit, but with a clamp tube connected from screen to ground. According to the -
tubes manual, the 813 requires a 10K grid leak and 40K screen resistor, at 1500 vdc.
The action of the clamp tube is very interesting. In the absence of drive there will
be no rectification in the grid circuit of the 813. Since there is no voltage developed
across the grid leak, there will be no bias applied to the clamp tube, and it will
draw a large amount of current through the 40K dropping resistor. That will produce
exactly the same effect as if a low value resistor were connected between screen and
ground. There will be a large voltage drop across the screen resistor and low voltage
on the screen. All of which adds up to low plate current in the 813, in the absence
of drive. Now, observe what happens when a small amount of r-f is fed to the 813.
There will be some rectification at the grid, voltage developed across the grid leak
(and supplied to the clamp, for bias), and less current flow through the clamp tube.
This means that the latter will partially “unclamp”, thus allowing the 813 plate current
to increase. The increase will be in proportion to the grid drive applied. This will be
true so long as the clamp tube begins unclamping the moment negative bias is applied
to its grid. If it takes say, 2 volts of negative bias before the tube begins to raise
it’s plate resistance, then the clamping action will not be linear.

A somewhat similar circuit is used in the popular G2MA linear, but in his
circuit, a separate diode does what the grid of the 813 does in the ZL linear. In
tests made by Lester, ZL1AAX, the performance of the ZL linear and the G2ZMA
linear are nearly identical. Peak flattening takes at about the same level and the
output is similar with either circuit configuration. Basic differences between the ZL
and G2MA linears is shown in figs. 6.7-A and 6.7-B.
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Fig. 6.7B—fhe famous G2MA linear amplifier. A ihermionic
diode supplies the clamp tube voltage.
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The loading effect of the amplifier upon the -driver stage is exactly the same as
that of a zero bias class B linear. In this class (unlike class AB,) grid current is
drawn for all amounts of input. Thus, the impedance is normally low, and varies
lower.: In AB,, when grid current is not drawn, the impedance is high until the
moment of grid current flow, then the impedance drops considerably. Of the two;
zero bias class B offers the least variation in grid impedance and therefore the demand
upon the exciter regulation is less stringent. The ZL linear behaves exactly like a
zero bias class B linear and the drive requlrements are the same. !

- At this point, a word about tubes is in order. ZL1AAX has experimented with a
pair of 6146’s and found the combination unsatisfactory when clamped with a 6AQ5.
The 6AQS5 appears to have insufficient clamping action, in this application, when
connected as a triode. Many have had -great success with other tubes; John, ZL2AG -
has the system working nicely with a 4-125A, several ZL3 chaps have had success .
with the 807, and an unknown VK is reported to be using a Philips equivalent of the .
4-65A. There is no apparent reason why the system cannot be applied to almost -
any tetrode or pentode. :

The choice of clamp tube is somewhat more crmcal Earlxer it was stated that :
the increase in the 813 plate current will be in proportion to the input if the clamp "
begins unclamping the moment bias is applied. Many tubes have this property. The: - B
12A6 and 6F6 are excellent tubes, as is the 6L6 and 5881. The usual 6Y6 is
unsatisfactory for the clamping action is far too severe. No doubt there are other
tubes that will have the lmear action requlred ' , D

Technical Considerations

Excessive grld drlve will cause too much grrd current and will drive the 813 . &
into. the class C regxon This should be avoided like the plague for someone (prob-
ably another ham) is sure to saw your tower in half. With 1100 volts on the 813,
2.5 mils of gnd current, (on a two tone test) seems to be about maximum. As the ..
plate voltage is increased, the grid drive requirement will decrease.

It is quite important that the correct LC ratio be used in the plate tank circuit.’
There should be more capacity than would be used in a class C stage. If the reader
has any doubts about this he should refer to the formulas for L and C given earlier
in this chapter. In addition, the amphﬁer must be completely stable. It must be
checked without drive by varying the input and .output capacitors, across resonance.
The smallest trace of grid -current or plate current ﬁuctuatlon must be ehmmated
Neutralization is a necessity. :

Rough tests of stage efficiency indicates that the ZL lmear has an edge over the
zero bias class B linear stage, which is usually thought of as ‘the most efficient type of
linear amplifier. The ZL linear should gain wide. popularlty because of the lack
of regulated power sources; ease of adjustment, and high efficiency. The: fact that it
is so similar to existing transmitter c1rcu1ts, should make it a natural for converting
these transmltters to smgle sideband. B

The Lakeshore P-400-GG. uses four
6CN6 tubes in u grounded gnd con-*
figuration and operates on 80 through
10. meters. “ With.a driving signal of
approximately 20 watts, this unit will 5
deliver 400 watts PEP 1o a 52-300 ‘ &
ohm loud
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The G2MA Linear

Another form of clamp tube linear was conceived and designed by David D.
Marshall, G2MA. The circuitry -varies slightly from the ZL1AAX linear that has
just been described. The main difference is the method of obtaining bias for the
clamp tube. You will note from fig. 6-7-B that the G2MA linear uses no grid bias
and no grid bias resistor. There is no load resistor for voltage to develop across
and clamp tube bias is obtained by rectifying the SSB energy in a thermionic diode.

Grid bias may be necessary, however, when more than 2000 volts is used on the
final plate. As an example, the 813 will operate at 2000 volt with no bias and exhibit
a static plate current of 25- 30 ma. With 3000 volts on the plate (sure, the 813 will
take it) about 12 volts of negative grid voltage will be required to produce the same
plate current. A 4-400 at 3000 volts will require about 25 volts of bias.

It is very desirable to meter the amplifier screen current to make sure that
under maximum drive conditions the current never rises above about ¥4 of the
bleeder current through the dropping resistor and clamp tube. The clamp tube
should always be reducing current faster than the screen of the final amplifier can
“take it”. Thus the total current through the screen dropping resistor will always
be reduced when bias is applied to the clamp tube. This in turn; raises voltage and
causes the final to draw more current. : )

As David says “It all sounds very complicated but it really is not. If the con-
structor knows ‘how many beans make five’, he should experience no (difficulty in
obtaining proper operation in a few minutes. Oscilloscope patterns show the linearity
to be as good as when the same tubes are operated in class AB, or AB,. Since current
is drawn over the entire r.f. cycle, grid swamping seems to be unnecessary”’.

A Gated Linear Amplifier : E

There is still another form of screen controlled linear amplifier that will be of
particular‘interest' to hams in the “grounded grid school”. The circuit shown in fig.
6.7-C was designed by “Norm”, W6EDD. Two of the popular war surplus RK-65’s
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Fig. 6-7C—A grounded grid gated linear ‘amplifier, designed by Norm Roller,
W6EDD. The 2 mid. capacitor on the 6L6 cathode must be an oil-filled type and
is used to remove high peaks and improve-3rd -order harmonic distortion. The
.005 mfd. screen and control grid bypass capacitors should have very short leads
and be mounted near the tube socket. The 350- 400 volt supply should have
10- 15 percent regulation. If taken from high . voltage bleeder, connection to
plate of the gating tube should be regulated. ' ’
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in series with the screen and the

with the ZL and G2MA linears. o,
All the advantages of grounded grid operation are retained with this circuit;
and far less grid drive is required to “get the show on the road”. R-F drive from the
exciter is applied to the 6L6 and the heater circuit of the RK-65’s. The Dositivels
r-f cycles cause the 6L6 to draw more current, thereby increasing the screen voltage,
A B&W filament choke eliminates the possibility of r-f getting back into the pPower.
line. A standard pi-network output circuit effectively matches the final stage to'the

antenna. The RK-65’s will handle 2 kilowatts PEP input with ease.
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6.8 LINEAR AMPLIFIERS USING SURPLUS TUBES

The 304TL and Western Electric 701A are plentiful and inexpensive, on the &
war surplus market. Unfortunately, both these tubes have extremely high inter- *
electrode capacities which reduce their usefulness on the 10 and 15 meter band.
However, they do represent an inexpensive way to get a kilowatt going on the lower
frequency bands. : o

Two units are described here, one using a single 304TL and the other in-
corporating a pair of WE-701A’s. The 304TL amplifier is shown in fig. 6.8-A and
is conventional in most respects. The filament was wired for 10 volt operation because
of the availability of 10 volt transformers, and the desire to avoid copper buss for
filament ‘wires. The 304TL filament requirements are 10 volts at 12.5 amperes or
5 volts at 25 amperes. The center-tap of the filament is used as the cathode return
point. Both sides of the filament voltage line are bypassed to ground (C5-C6) at c
the tube socket with good quality mica capacitors. The cathode current meter is .
connected from the filament center-tap to ground, and C7 grounds the meter for
r-f. The parasitic resistors R1 and R2 are in the grid circuit and the grid neutralizing
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