12 Audio

Design of Class-B Drivers

The design of a t'ansformer-couple(l class-B

driver is simplified l)y this anthor’s approach

O O O
By W. H. ANDERSON, VE3AAZ

PERATORS of amateur phone
stations are often confronted
with the problem of selecting
a =suitable driver and driver
transformer for class-B audio ampli-
fiers or modulators. The most common
solution is to select. from a catalog or
manufacturer's literature, a trans-
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former designed for use with the par-
ticular combination of driver and mod-
ulator tubes being used. This method
is not practical when:

1. The tubes are operated under con-
ditions other than those specified by
the transformer manufacturer;

2, The driver-modulator tube combi-

! | | CHARACTERISTICS OF 6B4-G [ | ,
! | T T i —r | |
|
HEEEE
P — -
| Er=0.3v | |
| I
|
| I I L | S
! ! i
1
| |
b
| 1 1 2
| ]
00 200 ” 400 600
PLATE vOLTS COURTESY RC A

Fig. 1—Curves for this and other receiving tubes are in vour tube manual.
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Fig. 2—Constant-current charactecisties of the Eimae 75TIH transmitting triode.

nation is not listed;

3. Driver-to-line and line-to-grid
transformers are to be used.

Consider a typical case where push-
pull 6B4-G’s are used as drivers for a
class-B 75TH amplifier or meodulator,
Tube data shows that the 6B4-G’s will
deliver 15 watts of power when the ef-
fective load impedance (plate-to-plate)
is 3,000 chms, the plate voltage is 300,
and 68 volts of grid bias is supplied
from a fixed source. The 75TH’s re-
quire 3 watts of grid drive when oper-
ated with 90 volts of grid bias and 2,000
volts on the plates. The peak grid-to-
grid driving voltage is 350. Since there
is a difference in the power in the pri-
mary and secondary of the driver trans-
former, transformer ratios cannot be
calculated by comparing the primary
and secondary voltages.

The grid circuit of a class-B stage
presents a constantly varying load to
the plate circuit of the driver stage.
During one excitation cycle, the im-
pedance of the grid circuit varies from
a very low value to almost infinity and
causes distortion which is intelerable
in some instances. Distortion from this
source is minimized by reducing the
source impedance as much as possible.
The driver transformer determines the
impedance ratio bhetween the driver
plates and class-B grids; therefore, the
greater its step-down ratio, the smaller
will be the source impedance as seen
by the grids.

We have found at VE3AAZ that dis-
tortion is minimized when the driver is
designed to deliver just enough power
to drive the class-B stage when its
(the driver's) grids are fully excited—
driven to zero volts by the speech am-
plifier. This condition is met by raising
the driver plate-to-plate load impedance
far above its normal value. This pro-
vides for a higher than normal step-
down ratio between the driver plates
and class-B grids. Increasing the driver
load impedance decreases the voltage
developed across the secondary load. Tt
is important te remember that, while
the veltage ratio varies directly as the
turns ratio, the impedance ratio varies
as the square of the turns ratio. Thus
when a transformer is selected to de-
liver just enough voltage to drive the
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class-B grids, the source impedance
(driver plate resistance) will be lowest
—a requirement for good regulation.

The 75TH’s require 3 watts of grid
drive. Since in this case—as in most
others—the grid driving power is stated
as an r.m.s. value, peak driving power
will be twice as great or 6 watts. This
power is delivered to first one grid. then
the other, and is provided by one-half
the voltage developed across the entire
secondary. Knowing the grid power and
voltage, the grid impedance can be cal-
culated by Ohm's law. Since the peak
erid-to-grid voltage is 3560, each half of
the secondary winding will develop 175
volts and the grid impedance (Ez/W)
iv 1752/6 or 5,104 ohms.

The next step is to draw trial load
lines on the characteristic curves of a
6B4-G as shown in Fig. 1. One end of
each load line is the point where the
plate-voltage line intersects the zero-
current line and the other end is on the
Ec (grid voltage) —= 0 curve. The re-
sistance of a load line is determined by
subtracting the minimum plate voltage
from the maximum plate voltage and
dividing the result by the maximum
current. Refer to the 3,000-ohm load
line on Fig. 1. Note that maximum
plate voltage is 300 and minimum 75.
As the voltage swings from 300 to 75,
the plate current changes from zero to
75 ma so the resistance of the load line
s 300—75/.075 — 3.000 ohms.

Peak power output from a given load
resistance is determined from the fa-
miliar I2R relationship, where I is the
plate current at the point at which the
load line intercepts the Ec — 0 grid
bias curve. The 75TH grids require 6
watts peak power for full output., How-
ever, since the power loss in the dviver
transformer may run to 209, the driver
must be designed for approximately 7.5
watts peak output. Since the 7,000-ohm
load line intercepts the Ec — 0 curve at
32 ma, the power output is (.032)2 x
7.000 or 7.18 watts.

The load resistance for a single tube
being 17,000 ohms, the plate-to-plate
load will be four times 7.000 or 28,000
vhms for a push-pull stage. The grid
impedance is 5,104 ohms, so the trans-
former turns ratio (primary to one-
half secondary) is

\/28.000
5.104

If the speech amplifier-driver com-
hination i~ located at a point remote
from the class-B stage, a plate-to-line
and line-to-grid transformer combina-
tion will be required. Disregarding the
power loss in the second transformer,
the over-all turns ratio should remain
the same. Assuming a 500-ohm trans-
mission line, the plate-to-line trans-
former will have a turns ratio of 7 to 1
and the line-to-grid transformer will
have a ratio of 2.3 to 7 between the
primary and one half of the secondary.

2.3 to 1.

Calculating driver requirements

Manufacturers do not always list
grid-drive requirements, and this must
he caleulated from available data. Con-
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sider the class-B operating data for
the 75TH:

D.c. plate voltage 2.000
Max. signal d.c. plate current 225ma
D.c. grid voltage (negative) 90
A.f, grid voltage 350

Each tube is carrying 1125 ma or
one-half the total plate current; how-
ever since the stage is operating class
B, the peak instantaneous plate current
will be three times as high or approxi-
mately 336 ma. The peak instantaneous
grid voltage will be one-half the a.f.
grid voltage minus the d.c. bias or
350/2—90 = 85 volts.

The crest operating point X (Fig. 2)
iz the intercept of the peak grid voltage
and the peak plate current values. This
point shows the peak grid current to he
35 ma. Knowing that this grid current
is produced by the voltage across half
the driver transformer sccondary, we
can compute driving power as the prod-
uct of 175 volts and .035 ampere (35
ma) or 6.1 watts. Similarly, we com-
pute the grid impedance as 175/.035 =
5,000 ohms. Note that these wvalues
agree with those used in previous cal-
culations, but the grid-drive factor does
not take into account the power loss in
the driver transformer.

Cathode-followers as drivers

QOceasionally, a push-pull cathode-fol-
lower stage (Fig. 3) is used as a driver
for a class-B amplificr. This arrange-
ment does a good job because of the
high degree of degenerative feedback
due to coupling between the input and
output circuits. The major disadvantage
of this circuit is that the input xignal
must equal the sum of the bias and
desired output voltages,

Load impedance caleulations general-
ly consist of finding a combination of
plate voltage and a reasonably low load
impedance that will provide the re-
quired output. The stability or voltage
regulation of a cathode-follower is
such that the load impedance has little
effect on the output voltage.

The excellent voltage regulation of
a cathode-follower can be seen when its
performance is compared to that of a
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conventional plate-loaded amplifier op-
erating with identical loads and plate
and bias voltages. If the regulation of
an amplifier is perfect, the output volt-
age will vary in direct proportion to
the input voltage.

Take two amplifiers using triode-
connected 6l.6's, one connected as a
conventional plate-loaded amplifier and
the other as a cathode-follower. Con-
sider what happens in each when the
signal voltage is halved and the re-
flected plate load changes from 2,000 to
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Fig. 3—A cathode-coupled driver stage.

5,000 ohms (8,000 to 20,000 chms plate-
to-plate)}, as it might when the class-B
stage stops drawing grid current. The
change in circuit performance is shown
in Fig. 4 (characteristic curves for
triode-connected 6LG's with 2,000- and
5,000-ohm load lines drawn in) and in
the table below.
Cathode-loaded amplifier

Drive  Reflected load Output Point
(volts) {ohms) (volts) (Fig.3)
20 2,000 130 A
10 5,000 115 B

Plate-loaded amplifier

150 (204-130) 2,000 130 A

5 5,000 T2 C
That the cathode-follower provides bet-
ter voltage regulation is evident when
we realize that the output voltage
should have dropped to 65 (one-half its
initial value) in both cases when the
drive voltage was halved.
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Fig. +—Load lines compare performance of plate- and cathode-loaded amplifiers.





