FET Preamplifier
For Ceramic Pickups

Here is an_economical preamplifier for use with low-output

ceramic cartridges. The following article discusses the

principal of operation and the various ways in which the
preamplifier can be used.

by Leo Simpson

Many readers have asked for an
article describing a simple, add-on pre-
amplifier, This would enable lower-
output ceramic cartridges to be used
wit nm?iﬁan which previously were
suitable for use with crystal cartridges
only. This is a common situation
where people have one of the earlier
stereo amplifiers, designed before ce-
ramic cartridges became available,

A preamplifier is also often desir-
able when modifying a mono record
player to suit stereo records, Instead
of merely substituting a high output
crystal stereo cartridge with the two
channels paralleled, it is better to add
a preamplifier and use a better-quality
ceramic dge.

As well as requiring a greater ampli-
fier semltlvig, the substitution otp a
ceramic dge requires a higher in-

t impedance than does & crystal type.
?‘; i Ir‘.mr’non ceramic cartridges re-
quire a of 2 megohms and in the
case of the Decca Deram, a sensitivity
of around 60mV RMS for full power
from the amplifier.

There are several possible
approaches to providing the necessary
gain and high input impedance using
a single transistor (one each chan.
nel), One would be to use a high beta,
low-noise bipolar transistor in a boot-
strapped common emitter amplifier,
(Beta is a measure of the direct current
ain of a transistor and is approximate.
y equal to the ratio of ector cur-
rent to base current,) Boowra?pins re-
fers to the technique of applying posi-
tive feedback—with less ‘than unity
gain—from the emitter to increase the
effective input resistance provided by
the biasing resistor network,

While a bootstrapped input stage
could be arranged to give the required
high input impedance the gain may
not be sufficient, while the noise gene-
rated in the biasing resistors can 'ba a
real problem. The use of high-quality
carbon film tors will not always
alleviate the problem as the noise gene-
rated in the resistors is regenerated
by the positive feedback.

Another approach is to use one of
the very high beta transistors now
available, without bootstrapping, and
rely on biasing resistors with values up
to 10 megohms to obtain the high in-
put impedance. Noise ray still be a
problem, though to a much lesser ex-
tent, such that the use of high quality
carbon film resistors will keep it within
acceptable limits, Unfortunately, this

type of resistor is not always readily
available over the counter, particularly
in the high values required, Another
oblem is that transistors with a min-
imum guaranteed beta of say, 500,
tend to be expensive and often in short
supply.
The
use a fi
nel device

zlpdprouch we have taken is to
effect transistor, an N-chan-
made by Motorola, the
2N5459 which supersedes the MPF106,
This FET is available economically
and its Jnmmetm are more closely
controlled than the first economy
FETs, A major advantage of using a
FET circuit is that the input impe-
dance required is obtained simply by
“plugging-in” the desired value of
resistor. Noise generated in the input
resistor is not a problem since no gate
current flows (under small signal con-
ditions).

Reference to the circuit diagram will
show that the configuration is very
similar to that used in triode amplifier
circuits which employ “cathode-bias.”
Indeed, the e‘l;incipal of operation is
very similar, We will explain it for the
benefit of our novice readers,

The FET preamplifier was installed in the Playmaster 124 Stereogram

The gate bias voltage—the voltage
between gate and source—is used to
set the correct operating conditions for
the FET, such as to provide the most
linear amplification for the supply
voltage used.

For N-channel FETSs, the gate is re-
quired to have a negative VO with
respect to the source. This voltage is
generated by the current flowing
through a resistor connected between
source and the negative sufgly rail,
making the source positive with respect
to the negative supply rail, The 2.2M
resistor for the gate carries no current
and thus the gate is at the same poten-
tial as the negative supply rail, This
means that the gate is negative with
respect to the source, Bias developed
in this manner is known as “source
bias" which is analogous to “cathode
bias” in valve circuits,

Source bias for P-channel FETs is
obtained by the same method as des-
cribed above except that the gate volt-
age is positive with respect to the
source.

As with valve circuits, the source
resistor must be “bypassed” with a suit-
able value of capacitor in order that
the maximum voltage gain ocan be
realised, “Bypassing” refers to the
practice of providing a low impedance
path for AC signals, so that they do
not develop an AC voltage across a
resistor which is used for deriving a
DC voltage. If the source resistor was
not bypassed, the audio signal fed to
the gate of the FET would reappear

across the source resistor, reversed in
phase, Thus the mechanism by which

as shown above. It could also be conveniently installed in a small
metal box together with an 18-volt battery to make it self-contained,
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the source bias is developed would
apply the signal in reverse phase be-
tween the gate and source (negative
feedback) and the gain would be re-
duced. The value of bypass capacitor
selected must be such that its imped-
ance is low for the lowest frequency
to be handled.

The preamplifier uses a supply rail
of the order of 18 to 21 volts and can
be run directly from an 18-volt battery.
The 18-volt supply is necessary to en-
sure minimum variation in gain over
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plifier. This has a sensitivity of
420mV RMS for full power and, as
such, is suited to the higher output
cartridges. The addition of the pre-
amplifier enables a Decca Deram to
drive the amplifier to full power on the
loud passages of most records.

The circuit diagram shows a zener
diode network to derive the preampli-
fier supply from the main supply rail
(HT1) of valve amplifiers. The zener
diode is necessary to protect the FET
from the higher-than-usual voltages

At left is the cir-

39K cuit diagram of
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At right is a suggested lay-
out, using tagboard. This
should be compared with the
photograph on page 47. The
inputs are placed at either
end of the board to keep the
crosstalk between channels to |0
a minimum. If the preampli-
fier is built to suit a valve
amplifier, a longer piece of
taghoard will be needed to
accommodate the zener
diode network.

the likely range of parameters of this
FET and to give a high margin of
overload with the expected range of
input signals. The gain of the pre-
amplifier will be between 5 and 6
times, which makes it ideal for aug-
menting the gain of amplifiers pre-
viously suitable for use with crystal
cartridges only. The preamplifier will
overload with an input signal of
approximately 700mV RMS, although
this will vary with the gain and the
supply voltage.

The above order of overload capa-
bility is highly desirable as today’s
heavily recorded discs can result in
the cartridge delivering a much higher
output than its nominal output voltage
would suggest. The preamplifier is suit-
able for ceramic cartridges with a
nominal output voltage up to about
200mV or so. The BSR Cl1 and equi-
valent cartridges in the Sonotone range
are eminently suitable, as are the lower
output ceramic cartridges such as the
Decca Deram and Connoisseur. For
the latter cartridges, thé preamplifier
may not have sufficient gain to drive
some amplifiers to full power, although
in most cases it should be adequate.

The prototype preamplifier was
actually built into the Playmaster 124
Stereogram, published in the May.
1969 issue of “Electronics Australia.”
This uses the same amplifier as that
published in the August, 1968 issue
under the title of 3-plus-3 Stereo Am-
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AMPURER  the preamplifier. If
only one channel
is built, the 39K
resistor can be in-
creased to 82K to
reduce current
drain of the zener
diode network. If
used with a trans-
istor amplifier the
zener network can
be omitted.
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+18-21 YOLTS

OUTPUT QUTRUT EARTH
occurring in valve equipment just after
switch-on before the valves begin to
draw current. This characteristic is
particularly noticeable in valve ampli-
fiers which have semiconductor recti-
fiers. The zener diode also has the
advantage of rendering the decoupling
network compatible with a wide range
of likely HT supplies.

In the prototype the supply was
derived from that of the amplifier via
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1 BZY94/C20 zener diode.
2 ZN5459 n-channel FETs.
1 14-tag panel.
RESISTORS
(4 or ¥ watt unless specified)
2 x 22M, 1 x 39K/3W, 2 x 2.7K,
2 x 1K, 2 x 560 ohms.
CAPACITORS
2 x 25uF/25VW electrolytic.
2 x 25uF/6VW electrolytic.
4 x .0luF polyester (low voliage
rating).

the 560-ohm resistor and 25uF capac-
itor shown on the circuit diagram.
Here, the decoupling network is used
to filter hum appearing on the ampli-
fier's supply rail, and to eliminate the
possibility of instability due to the in-
creased overall gain of the amplifier
plus preamp. If an 18-volt battery is
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used, the decoupling components can
be dispensed with and the unit could
be installed in a small metal box
underneath the turntable. If this is
done, care should be taken in the
positioning of the box so that it does
not pick up hum from the turntable
motor or associated wiring.

The preamplifier was constructed on
a 14-lug tagboard. If the zener diode
and 39K resistor are required an extra
two lugs will be needed. If only one
channel is required the current drain
of the zener diode network can be
reduced by increasing the resistor to
82K. The layout we have used is not
mandatory but it has been arranged
so that the inputs are at either end
of the tagboard to keep cross-talk
between channels as low as possible.

Shielded cable should be used for
the inputs, with the shields connected
as shown on the wiring diagram. If
the unit is installed in a separate metal
box as mentioned above, shielded
cable should also be used for the out-
puts. The figure-8 stereo shielded cable
is the most convenient for this pur-
pose. In the Playmaster 124, the out-
put of each preamplifier is connected
to the appropriate terminals on the
selector switch for “Disc” input. B

BUY RECORDING
TAPE WHOLESALE

WILCOX BROS. & BARCLAY are now
offering thelr line of recording tape_direct
to the public at wholesale prices, Tnlr Is
a leading American manufacturer's first-
grade line especlally packed for us In a
plain box. We are not allowed to reveal the
marker's name,

YOUR

Wholesale

TYPE CODE PRICE

5" 900ft Acetate S5R9 $1.80
5" 12001t Polvester SP12 $2.95
7" 1800ft Acetate TR18 $3.35
7" 24001t Polyester 7P2a $5.50

Wholesale prices allow for 33 1/3 per cent
trade discount and cash settiement discount
and Include sales-tax, Frelght free through-
out Australia,

MONEY BACK GUARANTEE

WILCOX BROS. & BARCLAY tape Is guar-

be first-grade splice-free record-
ng tape made In the U.S.A. Your money
will be refunded In full on return of goods
within fourteen (14) days If you are not
fully satisfied with your purchase.

™ = ORDER FORM — =
FROM:

NAME:

STREET & NO.:

CITY OR SUBURB:

POSTCODE:

PLEASE SHIP:

I |
| |
| |
| ca ws ss as .. rolls SRS at §1.80 I
I R T e I

. rolls SP12 at $2.95
| T R e T L e e W AR I
. rolls 7R18 at 5$3.35
I Total § .. .. I
I . rolls 7P24 at $5.50 I

TRV S Y s e AN AR R
I | enclose cheque/postal order/ Money I

Order for
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RETURN THIS ORDER TO:

Wilcox Bros. & Barclay
WHOLESALE MERCHANTS

Mail Order Office Rm. 7, 3rd. FL.
323 Bourke St., Melb.






