Heater Supplies for

Amplifier Hum Reduction

FREDERICK W. SMITH

A practical method for reducing hum to a minimum

HEN hum is perceptible in the

output of an amplifier, the listen-

er notices a lack of “presence”
in the reproduction of program mater-
ial. This effect is especially objection-
able where the background noise level
of the signal is extremely low, as in
frequency modulation reception.

The existence of hum in an amplifier
usually may be attributed to three
sources b23:

a) Insufficient plate supply filtering.
b) Electrostatic or magnetic pickup in low
level stages.

¢) The cathode heater circuits.
Of these three, the first is the easiest

to eliminate, because little practical
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Hum reduction method used
in a program amplifier.

Fig. I.

difficulty is experienced by the design-
er in reducing plate supply ripple be-
low any predetermined value.

Electrostatic or magnetic pickup
may be reduced by a variety of devices
which include shielding, the isolation
of power supplies from the amplifier
proper, and the use of a non-magnetic
amplifier chassis.

Cathode Heater Hum

The remaining and most obstinate
source of hum is that due to the cath-
ode heater circuits. If the heaters of
the tubes incorporated in an amplifier
are supplied with alternating current
of power-line frequency, a hum having
both fundamental and second harmon-
ic components will appear in the amp-
lifier output. This hum is due to
various causes. Direct sources natur-
ally include hum pickup from heater
circuit leads and hum leakage through
socket capacitances. Less obvious, how-
ever, are such other sources as heater-
to-cathode leakage, capacitive coupling
between the heater and other elec-

trodes, or actual heater emission to
other elements within the tubes.

A number of methods have been de-
vised to eliminate some of. these defects
with varying success. A representative
arrangement employed in a commer-
cial program amplifier is illustrated in
Fig. 1. In this circuit, a positive bias
of approximately five volts is applied
to the heater circuits of the amplifier
stages through a hum-balancing poten-
tiometer placed across the 6.3-volt
heater supply transformer winding.
The positive bias on the heaters pre-
vents heater emission while the effects
of capacitive coupling between the heat-
ers and control grids are balanced out
by proper adjustment of the potentio-
meter.

However, even with special precau-
tions and care in the design of an
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Fig. 2. Typical 150-ma d-c heater

circuit.

amplifier stage having an a-c heater
supply, there generally remains a resi-
dual hum amounting to from five to
fifteen microvolts between grid and
cathode, which is not negligible in a
low-level stage.

The ultimate solution to the hum
problem, therefore, is to use heater
power sources that are either of the
direct -current or the high frequency
alternating current type. Substitution
of  either of these in the usual amplifi-
er will result in & minimum reduction
of five to ten db in hum level, and
consequently this feature has been in-
corporated in many of the newer
equipment designs.

The two types of heater excitation
just mentioned may be classified in ac-
tual application according to whether
a series or parallel heater connection
is employed.

Series Connection

With the advent of tube types hav-
ing 150-ma heaters, it has been possible
to employ conventional power supplies
to furnish direct-current heater exci-
tation. A typical circuit of this type
described by Clark* is shown in Fig.
2. Here the output voltage of a power
supply capable of furnishing sufficient
current for both plate and heater cir-
cuits is applied to the series connected,
12 volt, 150-ma heaters of the ampli-
fier tubes. Heater current is adjusted
to the proper value by means of R1
and additional filtering is supplied for
the heaters of the preamplifier stages
by the inclusion of capacitor C1, which
is of the order of 1000 uf.

A number of difficulties can be ex-
perienced with this type of circuit as
follows: when a burnout occurs in the
heater string it is difficult to determine
rapidly which of the several heaters
is defective. Also, in the event that
either of the heaters on the ground
side of capacitor C1 should oren up,
C1 will fail unless it is rated to ac-
commodate the full supply voltage,
thus endangering the remaining heat-
ers in the string. It is also possible for
this same filter capacitor to discharge
itself through a new replacement tube,
causing a second burnout, if it is not
provided with a bleeder resistance.
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Improved d-c heater supply
circuit,

Fig. 3.

An improved circuit designed to
avoid these difficulties is presented in
Fig. 3. Here the series resistance, R1,
is a special non-linear type having a
negative temperature coefficient such
that initial current surges during the
warmup period are eliminated. Non-
linear resistors designed for this appli-
cation are obtainable either from the
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Keystone Carbon Co. (Type T01) or
the Carborundum Corp. (Type F). A
typical unit suitable for this purpose
has a resistance of approximately 1400
ohms at room temperature and 200
ohms at its normal operating temper-
ature of about 300° F5 The filter
capacitor for the preamplifier stages,
C1, is rated to accommodate the full
supply voltage and is furnished a dis-
charge path through R2. Finally, a
simple voltmeter circuit consisting of
a neon pilot lamp in series with a
current-limiting resistor, B3, has been
included to facilitate rapid checking
of heater circuit operation. Should an
“open” occur, the lamp will give no
indication when switched to the
ground side of the defective tube and
will indicate the full supply voltage
on the other.

Parallel Connection

The excitation of parallel-connected
heater circuits naturally poses a prob-
lem in low voltage, high-current, pow-
er supply design. The heater current
requirements of even a modest ampli-
fier may be from 3 to 5 amperes, and
only a rectifier of the selenium type
can handle such a load efficiently. A
suitable circuit emploved by the auth-
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Fig. 4. Hum-free heater supply for
parallel heaters.
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or to eliminate hum in a recording
amplifier is shown in Fig. 4. The out-
put of a 10 volt rms filament trans-
former is applied to a bridge-type se-
leniuin rectifier, producing sufficient
current in this case to excite all heat-
ers except those of the power amplifier
tubes. If the power supply and power
amplifier are located on a chassis separ-
ate from the lower level stages, it is
advisable not to employ a common
ground return for both the heater and
signal circuits, because any remaining
hum component in the heater current
will introduce a hum voltage in series
with the signal which appears at the
input of the power amplifier stage.
H-F Heater Supply

Because of space requirements, the
type of supply just discussed may not
be very convenient to install in exist-
ing equipment. A much neater solu-
tion to the problem of equipment
modification for hum reduction may
be found in the high-frequency alter-
nating current type of heater supply.
Such a supply may be compactly in-
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Fig. 5. High-frequency power supply

for heater excitation.

stalled in a chassis space of 2" by 2"
and requires but 40 ma of plate cur-
rent and .45 amperes of heater current.

The ecircuit itself, as illustrated in
Fig. 5, is based on the high-frequency
oscillator circuits currently employed
in magnetic tape or wire recorders to
supply supersonic bias and erase cur-
rent. Such a supply will furnish up
to two amperes at six volts, depending
on the plate voltage applied to the os-
cillator, and generally operates at a
frequency of from 30 to 40 ke/sec.

Best results will be obtained if C1,
the oscillator tank capacitor, is of the
mica variety, and it should be empha-
sized that the cathode bypass, 2, must
not be omitted, since the resulting de-
generation will make the oscillator
difficult to start and cause its regula-
tion to be poor. The waveform pro-
duced by this type of circuit tends to
be rather impure, and some difficulties
with harmonic radiation mav be ex-
perienced where such a stage is install-
ed near or on a radio receiver or video
amplifier chassis.

Regulated Supplies

In a number of specialized applica-
tions, not only is it necessary to em-
ploy d-¢ heater supplies, but in addi-
tion, all heater voltages must be closely
regulated. Such instances arise in the
design of the direct-coupled amplifiers
associated with certain types of elec-
troencephalographs, spectrophotometers,
and apparatus for nerve potential
studies.

In these cases, regulation of heater
potentials serves to eliminate cathode
drift resulting from the variation of
electron emission velocities with eca-
thode temperature. The necessity for
regulation in these applications can be
appreciated from the fact that for a
typical tube type, the heater voltage
must be held constant within 1% if
an effective voltage fluctuation of 10
millivolts in the cathode circuit is to
be avoided.®

The heater circuits employed may
again be either series or parallel, de-
pending upon the type of regulated
source which is available.

For the series arrangement, the con-
ventional voltage regulated power sup-
ply which has been fully discussed
elsewhere” may be employed. In this
type of supply, a single 6ASTG, used
as the series regulating tube, will de-
liver sufficient output to supply not
only 150 ma of heater current but
plate currents as well. It may be noted
that in certain of these units, where
a highly regulated output is achieved
through the use of a large loop gain,
the heaters of the control amplifiers
are themselves placed across the out-
put of the supply.

If a parallel connection of the heat-
ers 18 desired, a regulated supply based
on the circuit illustrated in Fig. 6 may
be used. Here, rezulation of the rec-
tifier unit is achieved by amplifying
the voltage variations appearing across
the load and applying them to the d-c
control winding of a saturable reacter
in the primary circuit in such a man-
ner as to cause a compensating change
in the a-c line voltage applied to the
rectifier.
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Fig. 6. Regulated d-c heater supply.

A six-volt power supply of this tvpe
designed by the author®, exhibited a
change in output voltage of .05 volts
with a change in load current from
zero to 15 amperes, and negligible va-
riation in output was observed for line
voltages ranging from 105 to 140 volts.
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