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The value of the supply voltage depends on the specifications
of the Zener diodes that are used, which can be freely chosen.
C2 must be able to handle at least this voltage. The amount of
current that can be delivered depends on the capacitance of
C1. With the given value of 220 nF, the current is approxi-
mately 15 mA.

A final warning: this sort of circuit is directly connected to
mains voltage, which can be lethal. You must never come in
contact with this circuit! It is essential to house this circuit
safely in a suitable enclosure (see the ‘Safety Guidelines’ page
that appears occasionally in Elektor Electronics).

(004097-1)

The LM4050 from National Semiconductor is a high precision
micropower shunt voltage reference in a sub-miniature, sur-
face-mount, three pin, SOT-23 package. The unit operates in
the industrial temperature range of –40°C to +85°C. The
design eliminates the need for an external stabilising capaci-
tor and is at the same time stable when operated into any
capacitive load. The unit is available in several different, fixed
reverse breakdown voltages from 2.500 V, 4.096 V, 5.000 V,
8.192 V to 10.000 V. The minimum operating current ranges
from 60 µA for the LM4050-2.5 to 100 µA for the LM4050-10.0
this, along with its tiny outline, makes it ideal for use in bat-
tery powered applications. The LM4050 is available in three
different grades of accuracy of 0.1%, 0.2% and 0.5%, all have
a low temperature coefficient of less than 50 ppm/°C.

During the manufacturing process, the use of fuse and
zener-zap reverse breakdown voltage trimming ensure that
the premium (or A grade) components have an accuracy of
better than ± 0,1% at 25°C. Stable reverse breakdown accu-
racy over a wide range of temperatures and operating currents
is achieved by bandgap reference temperature drift curvature
correction and a low dynamic impedance. Altogether this is a
versatile component with an impressive specification.
The full data sheet is available from the web site:
www.national.com
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Voltage Reference for Battery Powered Circuits047

B. Kainka
If you ever look at construction notes for building old detector
type radios the type of headphones specified always have an
impedance of 2 × 2000 Ω. Nowadays the most commonly
available headphones have an impedance of 2 × 32 Ω, this rel-
atively low value makes them unsuitable for such a design.
However, with a bit of crafty transformation these headphones
can be used in just such a design. To adapt them, you will
need a transformer taken from a mains adapter unit, the type
that has a switchable output voltage (3/4.5/6/9/12 V) without
the rectifying diodes and capacitor. Using the different taps of
this type of transformer it is possible to optimise the imped-
ance match.

For the diode radio (any germanium diode is suitable in this
design) the key to success is correct impedance matching so
that none of the received signal energy is lost.  The antenna
coil on the 10 mm diameter by 100 mm long ferrite rod is made
up of 60 turns with a tap point at every 10 turns; this is suit-
able for medium wave reception. If a long external aerial is

used it should be connected to a lower tap point to reduce its
damping effect on the circuit. You can experiment with all the
available tapping points to find the best reception. With such
a simple radio design, the external aerial will have a big influ-
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ence on its performance. Tip: If your house has metal gutter-
ing and rain water pipes, it will be possible to use these as an
aerial, as long as they are not directly connected to earth.
Those who live in the vicinity of a broadcast transmitter may be

able to connect a loudspeaker directly to the output or if the
volume is too low, why not try connecting the active speaker
system from your PC?
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H. Steeman
A bandpass filter is usually used to pass frequencies within a
certain frequency range. If a high-performance opamp is used,
such a filter can also be used at relatively high frequencies. As
shown in the schematic diagram, here we have chosen an
OPA603, which is a fast current-feedback opamp with a
100 MHz bandwidth for gain values between 1 and 10 (0 to
20 dB). If the circuit only has to handle a narrow range of fre-
quencies, as in this case, the gain can be increased. With a
current-feedback opamp, just as with an ordinary opamp, the

negative feedback between the output and the inverting input
determines the gain. In addition, the impedance of the feed-
back network determines the open-loop gain and the fre-
quency response. With the component values shown in the
schematic diagram, signals outside the passband are attenu-
ated by 22 dB. The centre frequency of the filter is 10 MHz. As
indicated by the printed formula, the centre frequency can eas-
ily be altered. However, keep in mind that 10 MHz is roughly the
maximum frequency at which this circuit can be used. The cir-
cuit can be powered by a supply voltage of ±15 V.
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Single-Opamp 10-MHz Bandpass Filter049

H. Steeman
It is sometimes necessary to make an electrically isolated con-
nection in a circuit. An optocoupler is usually the key compo-
nent in such a situation. In most optocouplers, a single light-
emitting diode (transmitter) and a single photodiode (receiver)
are optically coupled inside the package. This solution is sat-
isfactory for transferring digital levels (such as the control sig-
nals for a thyristor), since only two logical states (LED on or
LED off) have to be transferred. An exact (analogue) coupling
is thus not necessary.
If an analogue voltage must be transferred, then it is impor-
tant that the voltages at the input and the output closely track
each other. To make this possible, the transmitter and receiver
must employ comparable components that are incorporated
into an analogue circuit. The type CNR200 and CNR201 opto-
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