Project 589

Digital

Temperature Meter

This simple yet accurate temperature meter will find many uses in the
laboratory or home. It utilizes the digital panel described in the

October issue.

THE RELIABILITY OF electronic
circuits in the days of valves was, to
say the least, poor by today’s standards.
The introduction of transistors and
integrated circuits increased reliability
dramatically. One of the main reasons
for this is the reduction of power
dissipation and the resultant lowering
of temperature. Devices and circuits are
now designed to minimise power
dissipation as this allows a higher
component density while increasing
reliabjlity. However some circuits by
their nature must dissipate high power
and the semiconductor devices used
must be kept within their temperature
limits.

This temperature meter will allow
transistor temperatures to be measured
and the appropriate heatsink chosen.
It is just as useful outside the electronic
scene measuring liquid or gas tempera-
ture especially where the readout needs
to be physically separate from the
sensor.

Use and Accuracy

The accuracy of the unit depends on the
calibration; provided it has been
calibrated around the temperature at
which it will be used, accuracy of

0.1 degree should be possible. We could
not accurately check linearity but it
appeared to be within 1° from 0° to
100°C.

However other errors will affect this
reading. If measuring the surface
temperature i.e. a heatsink temperature,
there will be a temperature gradient
between the surface and the junction of
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the diode. Silicon grease should be used
to minimise the surface-to-surface
temperature difference. Also when
measuring small objects, e.g. a TO-18
transistor, the probe will actually cool
the device slightly. At high temperatures
these effects could give an error of up
to 5% (the reading is always less than
the true value). If the probe is in a fluid,
e.g. water or air this problem does not
occur,

Construction

Assemble the panel meter as previously
described but omitting the zener diodes
and R6 and R7, The value of R1 has
also been changed. The decimal point
drive should be connected to the right-
hand decimal point. The additional
components can be assembled on a tag
strip as shown.

We mounted our unit on a tag strip as
shown in the photo. While we have not
given any details, knocking up a case
should be no problem, For a power
supply we used eight penlight Nicad
cellsgivinga 10V supply. If dry batteries
are used six penlight cells are
recommended although a 216-type 9V
transistor battery will give about 300
hours of operation.

The sensor should be mounted in a
probe as shown in Fig. 1 if other than
air temperature will be measured. This
provides the electrical insulation needed
for working in liquids etc. It should be
noted however that the quick dry
epoxies are not normally good near or
above 100°C and if higher temperatures
than this are expected one of the slow
dry epoxies should be used.

Calibration

To calibrate this unit two accurately
known temperatures are required, one
of which is preferably zero degrees and
the second in the area where the meter
will normally be used and highest
accuracy is requnred For a general-
purpose unit 100°C is suitable. The
easiest way of obtaining these references
is by heating or cooling a container of
distilled water. However temperature
gradients can cause problems, especially
at zero degrees.

One method of obtaining water at
exactly zero degrees is to use a test tube
of distilled water in a flask of iced water
and allowing it to cool to near zero.
Now by adding salt to the iced water its
temperature can be lowered to below
zero. If you are very careful, the test
tube water will also drop below zero
without freezmg {you should be able to
get to about-2°C). However the slightest
disturbance at this temperature will
instantly cause some of the water to
freeze and the remaining water to rise
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Fig. 1. This dlagram shows
how the sensor is mounted
into a ball-point pen casing
or similar.

to exactly zero, providing an ideal

reference.

For a hot reference the boiling pomt
of distilled water is very close to 100°C
especially if the container has a solid
base and is evenly heated e.g. on an
electric hotplate.

The actual calibration is done as
follows:

1. In the 0°C reference adjust RV 2 and
RV3 until the unit reads zero.

2. In the hot reference adjust RV 1 to
give the correct reading.

This should be all the adjustment

required.

If zero degrees is not available, e.qg.
if setting up for °F, the following
method can be used:

1. In the cold reference use RV2 and
RV3 to adjust reading to zero.

2. In the hot reference use RV1 to
adjust the reading to indicate the
temperature difference between the
two standards. If freezing and bonllng
points are used, .this will be 180°F.

3. Now, back in the cold bath, adjust
RV2 and RV3 to give the correct
reading.

No further adjustment should be
required,
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SPECIFICATION - ETI 589

- 60°C to +150°C
— 60°F to +199.9°F

0.1°Cor F

silicon diode

1.5mA @9 Vdc

51



Project 589

R11 R12
10k 27k
1
C6
5 i
ALL VOLTAGES
o | SRR |
. R10
R13 10k a1 am?
D1 5k6
1N4148 RV1
(SENSOR} 1k {(-4.9v) 37
36 (—2.8V)
200R
35 (-2,
(—2.9v) BACK
PLANE
32
RS
™ 1c1
AAAN . 31 1CL7106 DECIMAL
J_ 2 POINT
T |
n
‘ 30 (—4.8V) 20 LCD
22 DISPLAY
Fig. 2. Circuit diagram of the
complete temperature meter. c2 29
470n 25
R2
The printed circuit board for 47k
this project is on page 97. c3 28 tl
220n [}
40 gy ]
I BATTERY !
27 R3 ' =
HOW IT WORKS — ET! 589 A3 q
34 (—2.8v *¥) 39 FVANA-4
While the voltage across a silicon diode is |
nominally about 600 mV it is dependent c1 ca
upon the ambient temperature and current 100n 100p I:I?I'THEESS:.E BOINTS CANNOT BE
in the device. The temperature coefficient I IN B
. . 33(~239Vv *%) 38 ' MEASURED WITHOUT AFFECTING
is negative, ie. the voltage falls with OPERATION EXCEPT BY A VERY
increasing temperature but fortunately is 26 (—9.6V} HIGH IMPEDANCE (> 1G22 )
linear in the region of interest. The actual | VOLTMETER.

value varies with current and from dgvice
to device, but is typically —2.2 mV/ C at
250 uA.,

By measuring the voltage across the
diode with a suitable offset voltage to
balance the voltage at zero degrees an
accurate temperature meter results. The
digital panel meter described in October
has a stable reference voltage available
(between pins 1 and 32) of about 2.9 V;
with the 10k resistor R11 this provides
a constant current for D1 (the sensor).
The offset voltage is also derived from this
reference voltage by R12, RV2 and RV3.
The panel meter is used as a differential
voltmeter and measures the potential
difference between the offset voltage and
the diode. We have used two trimpots
in series in the offset adjustment to give |

resolution. If desired a 10-turn
trimpot can be used (2k2). Adjustment of
the three potentiometers allows the meter
to be calibrated in either °C or °F with
the upper limit of 199.9°F due to the
panel meter over-ranging.

The power supply is simply a 9 V
battery, and so the zener diodes and
dropping resistors described in the panel
meter article should be omitted.
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Fig. 3. The external components associated
with the panel meter. For details of the panel

meter see October 77 ETI.
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PARTS LIST - ET1 589
all % W, 5%

100n polyester
470n "

100p ceramic
10n polyester
10n "

PC board ETI 135
Tag strip
* LCD Display
* Socket for LCD display
Box
Switch
9V battery

* These components are supplied with
the intersil ICL7108 EV evaluation kit.

1t This value has been changed from
the original panel meter.
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Fig. 4. The component overlay of the panel meter with the display
removed, Note that for this praject R4, 6, 7, ZD1, 2 and the external

Ieads are not used.
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