
The circuit diagram shows a classical
step-down converter with an input volt-
age range from 3.3 V to 6 V and an out-
put voltage of 3.3 V at a current of up to
2 A. The optional 33 mΩ shunt resistor
provides for current limiting. The
TPS64202 offers a minimum on-time
selectable between 1.6 ms, 0.8 ms,
0.4 ms and 0.2 ms and a fixed off-time
of 300 ns. A MOSFET in the supply volt-
age path is switched on by the controller
for as long as is necessary for the output
voltage to reach its nominal value, or
until the maximum permissible current, as
determined by the shunt resistor, is
reached. If the current does exceed this
limit the MOSFET is switched off for
300 ns. If the nominal output voltage is
reached, the MOSFET is switched off and
remains in the off state until the output
voltage once again falls below the nom-

inal value. At very low output currents the
controller therefore operates in ‘discon-
tinuous mode’ (DCM). Each switching
cycle begins with the current at zero. It
rises to the threshold or maximum value,
and then falls again back to zero. At the
moment of switch-off the Schottky diode
causes the residual energy in the induc-
tor to appear as a quickly-decaying oscil-
lation at the resonant frequency of the
output filter. This low-energy oscillation in
discontinuous mode is normal and has
no adverse effect on the efficiency of the
converter. It can be damped using the
(optional) RC series network.
At higher output currents the switch-down
converter operates in continuous conduc-
tion mode (CCM). In this mode the induc-
tor current never falls to zero. The output
voltage is directly proportional to the
switching mark-space ratio in this mode.

If the Si2323 P-channel MOSFET from
Vishay-Siliconix is not available, the
IRLML6401 (12 V type) or IRLML6402
(20 V type) from IRF can be used instead.
Both these types have a higher on resist-
ance, but do offer a lower gate capaci-
tance. An alternative for the Schottky
diode suggested is the MBRM140 (avail-
able from Digi-Key and Farnell), although
this is in an SMB package rather than the
Powermite package of the MBRM120.
The voltage drop at 1 A is somewhat
higher: 0.6 V instead of 0.45 V. The
devices are manufactured by IRF and
ON Semiconductor.

(050267-1)
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D1 (red) and D5 (green) indicate what
state the circuit is in.
Inductor L1 slows the inrush of current
when the circuit is switched on, which
would otherwise cut off the circuit imme-
diately. D2 and D7 provide the usual
back-emf protection across the coils.
In use, the input of the circuit is con-

nected to the main transformer-rectifier-
capacitor-fuse power supply via K1, and
the output is connected to the (experimen-
tal) load via K2. Note that the input volt-
age must be a floating supply if Vout– is
grounded via the load, as Vin– and
Vout– must not be connected together.
Some consideration needs to be given to

David Clark

This circuit will be particularly useful to
those hobbyists who use a ‘breadboard’ to
try out ideas and who also use a simple
‘home-made’ DC power supply consisting
of a transformer, rectifier, smoothing
capacitor and protective fuse, that is, one
without overcurrent protection!

In this circuit, the detecting element is
resistor R6. Under normal conditions, its
voltage drop is not high enough to switch
on transistor T1. The value of R6 can be
altered to give a different cut-off current,
as determined by Ohm’s Law, if required.
When a short circuit occurs in the load,
the voltage rises rapidly and T1 starts to
conduct. This draws in the relay, switching
its contacts, which cuts off power to the
external circuit, and instead powers the
relay coil directly, latching it in this sec-
ond state. The circuit remains in this state
until the primary power supply is
switched off.
Capacitors C1 and C2 hold enough
charge (via D3, D4 and D6, which pre-
vent the charge from being lost to the rest
of the circuit, whichever state it is in) to
keep T1 switched on and power the
relay while it switches over, and R2 and
R4 provide slow discharge paths. LEDs
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a number of components. First, the
choice of relay Re1. For the prototype,
this was obtained from Maplin, part num-
ber YX97F. This is has a coil resistance
of 320 Ω, which with R1 forms the col-
lector load for T1. Its allowed pull-in volt-
age range is nominally 9 V to 19 V,
which limits the input power supply volt-
age to between around 10 V to 30 V

(DC only). R1 could be replaced by a
wire link for operation at input voltages
below 10 V, or increased in value, as
determined by either the application of
Ohm’s Law once more or trial and error,
for an input voltage above 30 V.
Coil L1 was obtained from Farnell, part
number 581-240. Finally, the protective
fuse for the input power supply should be

a ‘slow-blow’ type; ‘fast’ fuses will rup-
ture before the relay has time to switch.
Also note that this device is meant to save
fuses, not replace them. A mains trans-
former must always be fused if it is not
designed to run safely, i.e., without pre-
senting a fire hazard, even if its output
has a continuous short-circuit fault.

(060076-1)
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ommend keeping an eye on the voltage
in one way or another, for example by

connecting a multimeter in parallel with
the resistor. (060153-1)
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J. Van der Sterre

The circuit described here is eminently
suitable to indicate the capacity of a bat-
tery. We use a cheap electric clock for
this. By connecting a resistor across the
battery terminals, the battery is dis-
charged somewhat faster than with the
clock alone. If we pick a resistor with a
value of 5.6 Ω, the discharge current
amounts to 1.2 V / 5.6 Ω = 214 mA. If
we multiply this with the number of hours
that the clock ran after the battery was
connected up then we know (approxi-
mately) the capacity of the battery.

When discharging a NiCd battery we
need to make sure we remove the bat-
tery the moment the clock stops running.
NiCd batteries do not tolerate too deep
a discharge very well. We therefore rec-

which requires just a switch and two
diodes. It is based on the fact that, seen
from en electronics point of view, the light
signal consists of two anti-parallel-con-
nected LEDs with dropping resistors.

The lower section at the right of the dia-
gram, Da, Db, Ra and Rb represents the
typical inner circuit of such a light signal.
When the output voltage of the light
power source is applied to the circuit,
both LEDs light. However, since only a

red or green signal is wanted, the volt-
age is simply applied via diodes D3 and
D4. Change-over switch S1 then deter-
mines which colour will be seen. Surely
a very economical solution.
If in more complex setups it is required to
have direct control over which colour the
light signal on the track is to be, it suffices
to add two further anti-parallel-connected
LEDs, D1 and D2, in the connection
between switch S1 and the light signal.
So far, so good. But now for a few spe-

Nils Körber

Märklin’s light signal Type 74391 (block-
ing signal) for size HO model railway
sets is fairly new and, at 10 euros
(£7·00), reasonably affordable. There is,
however, a little problem in that its oper-
ation requires the use of signal keyboard
Type 72750, which makes the setup not
only more expensive but also inflexible.
There is, fortunately, another solution,
simpler and much more economical,
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