To know whether it is freezing you only
need to measure the temperature. This
has to be done accurately, of course,
and therefore we need to choose a tem-
perature sensor that we have some
confidence in.

The choice has again been made for
a type that we have already used in
many previous Elektor circuits, the
LM35CZ (-40 to 110 °C). This sensor
is not expensive and generates an
output voltage that is proportional to
the temperature in degrees Celsius
(10 mV/°C).

Sensor

An LM35 is normally powered from a
single-ended power supply and 0 °C
corresponds to an output voltage of 0 V.
It is therefore not possible to measure
negative temperatures with an LM35
in the standard application circuit. It is
however possible to measure negative
temperatures if its output is connected
to a negative supply voltage via a re-
sistor. There needs to be a current of
50 uA through this resistor (R2 in the
schematic).

We only need to detect the freezing
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Figure 1. The frost detector circuit consists of a temperature sensor and comparator with LED indicator.
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point with this circuit. That is why the-
re is a comparator after the temperatu-
re sensor, which turns an LED on if the
temperature has dropped below 0 °C
during the course of the night. To ensu-
re that the comparator operates proper-
ly it is necessary that the measurement
value can become slightly more nega-
tive with respect to the input. To sol-
ve this problem, a diode (D1) has been
connected in series with the ground
connection of the LM35. The voltage
drop across D1 (because of the small
current through the LM35 this is only
0.47 V) acts as negative' power supply.
Since the non-inverting input of com-
parator IC2 is connected via R3 to the
anode of D1 it functions as the 0°C-re-
ference level for the comparator.

Comparator

The comparator is a standard opamp
type TLC271, which we configured
for minimal current consumption by
connecting the bias-select input (pin 8)
to the power supply voltage. There is
no need for the detector to be fast and
it will therefore work well with the
opamp operating in its most economi-
cal mode.

LED D3 provides the frost indication.
It is the intention that the LED stays
on once the temperature in the room
drops below freezing or when it has
been below freezing. To realise this, an
asymmetric hysteresis is created with
the aid of R3, R4 and D2. The instant
that the output goes high, the non-in-
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verting input goes more positive via D2
and R4, and the output therefore stays
high. The temperature would now have
to increase to more than about 30° be-
fore the LED will go out by itself. In
practice this probably means that it
is summer and that it is not likely to
freeze anyway. If need be, the hystere-
sis can be increased by increasing the
value of R3.

Capacitor C2 is added to make sure
that the LED remains off (the circuit
is reset) when the power supply is
connected. The non-inverting input
of the opamp is briefly connected to
ground and the output is therefore low.
R1 and S1 are only required if the cir-
cuit needs to be reset when the battery
is connected. Instead of S1 you could
also use a power supply switch or even
just simply disconnect the battery for
a moment.

Thrifty Power supply

Since the circuit is assumed to be
powered from a battery there was a
conscious effort to minimise the power
consumption. The current consumption
of the prototype, at a power supply vol-
tage ranging from 6 to 9V, was less
than 120 yA. When the LED is on, the
current consumption rises to only 1 mA
at 6V and 1.8 mA at 9V, because a low-
current LED is used. In our prototype
we used a green, low-current LED.

If four AA penlight batteries (with a ca-
pacity of about 2 Ah) are used, then the

2/2008 - elektor

circuit will run for about two years in
standby mode. When the LED is on this
is considerably shorter, of course (about
two months, this is easily long enough
to run through a severe winter period).
A standard 9-V battery will also last a
single winter, provided you frequently
check whether the LED is on.

Finally, a comment about the TLC-
271CP used here. The version with the
C-suffix is specified for an operating
range from 0 to 70 °C, but will continue
to work at lower temperatures, parti-
cularly considering that the IC is not

used in a linear application. If in doubt
you can always try to get your hands
on a version with the I-suffix (that is,
TLC271IP: —40 to 125°C). But that is
only necessary if you expect it to be
real cold in the monitored room...

Quick assembly

The circuit contains very few parts and
can therefore be easily built on a small
piece of prototyping board. There is no
need to calibrate anything, once built
it is ready to go.
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Figure 2. The prototype built on a piece of perforated prototype board.
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