
Tutorial 

Using An LM -335 
Voltage -Mode 

Temperature Sensor 
This readily- available, low -cost device is a 
"natural" for electronic thermometry experimenters. 

By Joseph J. Carr 

Electronic thermometers are a 
long -time favorite of project 
builders. They are generally 

easy to build, and provide a really 
useful application. Unfortunately, 
many of the temperature sensors 
used in such projects are not readily 
available, so you're stuck with buy- 
ing special parts for premium prices. 
An appealing exception is the Na- 
tional Semiconductor LM -335Z volt- 
age -mode temperature sensor. The 
LM -335Z is available from Digi -Key, 
Jameco and other mail -order sources 
for less than $2 each. 

The LM -335 shown schematically 
in Fig. 1. is a three -terminal voltage - 
mode temperature sensor. It operates 
in a manner similar to a zener diode, 
hence the zener symbol. It has a very 
low dynamic impedance (1 ohm or 
less), and its voltage drop is propor- 
tional to the absolute temperature of 
the device in degrees Kelvin ( °K). The 
positive ( +) and negative ( -) ter- 
minals are used for both power sup- 
ply and output signal. A third termin- 
al, shown coming out the body of the 
diode symbol, is for adjustment and 
calibration. In essence, the LM -335 is 
a special zener diode in which break- 
down voltage is directly proportional 
to temperature, with a transfer func- 
tion of approximately 10 millivolts 
per degree Kelvin (IO mV/ °K). 

fig. I. The schematic symbol jiff 1C 
temperature sensor resembles a zener 
diode with an "adjust" terminal. 
Sensors are available in both TO -92 
plastic and TO -46 metal packages. 

The LM -335, and its wider range 
cousins the LM -135 and LM -235 de- 
vices, operates with a bias current set 
by the designer. This current is not 
supercritical, but it must be within 
the range 0.4 to 5 milliamperes. We 
can use 1 mA to make resistor selec- 
tion arithmetic easier. 

Accuracy of the device is more 
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Fig. 2. This is the simplest method of 
using the LM -355. 

than sufficient for most applications. 
The LM -135 version offers uncali- 
brated errors of 0.5 ° to 1 ° C, while 
the less costly LM -335 offers errors 
of about 3 ° C. Of course, clever 
design can reduce these errors if they 
are out of tolerance for some particu- 
lar application. 

One difference between the three 
devices is operating temperature 
range: 

lemperalure Range 
Device Type (Centigrade) 

LM -135 - 55 to + 150 
LM -235 - 40 to + 125 
LM -335 - 10 to + 100 

Two package configurations are 
used for the LM -135 through LM- 
335 family. As shown in Fig. 1, these 
are the small plastic TO -92 case with 
a "Z" suffix (for example, LM- 
335Z) and the small metal can TO-46 
transistor package with an "H" or 
"AH" suffix (for example, LM- 
335H or LM- 335AH). The "Z" ver- 
sions are the ones usually available 
from mail -order sources. 

Shown in Fig. 2 is the simplest 
method of using the LM -335. Series 
resistor RI limits the current through 
Dl to around 1 milliampere. A value 
of 4700 ohms for R1 is appropriate 
for + 5 -volt power supplies. This 
value can be scaled upwards for high- 
er values of do potential according to 
Ohm's law (R = E /I), or you can use 
the "standard" I = 0.001 ampere. 
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Fig. 3. Potentiometer R2 is added to 
the simplest circuit's adjust terminal 
to permit temperature calibration. 
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Fig. 4..-t An adjustable current source 
(circle with arrow) is used to bias the 
LM -355 Jr 'o precision calibration. 

For example, when the power source 
is + 12 volts dc, the value of the 
resistor in series with the LM -335 is: 
R(ohms) = (V +) x 1000 = (12 
Volts) x 1000 = 12,000 ohms. 

The output of the Fig. 2 circuit is 

taken across the LM -335. This volt- 
age has an approximate value of 10 

mV/ °K. Degrees Kelvin is the same 
as degrees centigrade, except that the 
zero point is absolute zero (close to 
- 273 °C, rather than the freezing 
point of water. Using simple arith- 
metic, you can calculate how much 
voltage to expect at any given centi- 
grade temperature. For example, 
suppose you want to know the output 

voltage at 78 ° C. The first thing you 
must do is convert the temperature to 
degrees Kelvin, simply by adding 273 
to the centigrade temperature: °K = 

°C + 273 = 78 °C + 273 = 351°K. 
Next, convert the temperature to 

the equivalent voltage: E = (10 mV)/ 
°K x 351 °K = (10mV)(351) = 3510 
mV = 3.51 volts. 

Enter Calibration 
One problem with the Fig. 2 circuit is 

that it is not calibrated. While this 
circuit works well in applications 
where a high degree of precision is 

not needed, you might want to con- 
sider the Figure 3 circuit when greater 
precision is called for. This circuit 
permits single -point calibration of 
the temperature, using a potentiome- 
ter in parallel with the zener. Note 
that the "adjust" terminal of the 
LM -335 is now being used. 

Calibration is relatively simple. All 
you need to know are the output volt- 
age, which you can measure with a dc 
voltmeter, and the temperature in the 
area in which the LM -335 is being 
used. In some less- than -critical cases, 
you can measure the air temperature 
with a regular glass mercury ther- 
mometer. Wait long enough after 
turning on the equipment for both 
the mercury thermometer and the 
LM -335 to come to stabilize. Then 
adjust R2 for the correct output volt- 
age. For example, if the room tem- 
perature is 25° C (298 °K), output 
voltage will be 2.98 volts. In this case, 
you would adjust the R2 for a 2.98 - 
volt reading. 

Another approach is to use an ice/ 
water solution as the calibrating 
source. The freezing point of water is 

Fig. 5. This is the arrangement lo use, for remote temperature sensing. 

NOTE: 1 

J1 = Stereo phone jack 
P1 = Plug to mate with J1 

0° C, which is the temperature at 
which ice and water coexist in equili- 
brium. A mercury thermometer will 

show the actual temperature of the 
solution. Adjust R2 for an output of 
2.73 volts (0 ° C = 273 °K). 

Another connection scheme for 
the LM -335 is shown in Fig. 4. In this 
circuit a National Semiconductor 
LM -334 three -terminal adjustable - 
current source is used to bias the 
LM -335. Again, the output voltage 
will be 10 mV/ °K. 

Remote temperature sensing using 
LM -335 is shown in Fig. 5. In this cir- 
cuit, the LM -335 is connected by a 
shielded two- conductor cable to the 
rest of the circuit. A '/ -inch stereo 
phone plug and jack or a two- circuit 
miniature 3.5 -mm set (Radio Shack 
No. 274 -249A or equivalent) serves 
as the interface. A cable length of 
several meters is possible. 

Whenever the sensor is operated 
directly into its load, there may be a 
potential problem or two, especially 
if the load impedance changes wildly. 
To preclude this, use a buffer ampli- 
fier, as shown in Fig. 6. Here, we use 
an operational amplifier as an isola- 
tor /buffer between the sensor and its 
load. Gain of the amplifier in Fig. 6 is 

unity, but a higher gain could be used 
if desired. 

The noninverting ( + ) input of the 
operational amplifier is connected 
across the LM -335. Bias for the LM- 
335 is from 12,000 -ohm resistor R1, 
which is in keeping with our rule 
given earlier for V + = 12 volts. 
Since there is no voltage gain in this 
circuit, the output voltage is the same 
10 mV/ °K as previously. 

A circuit like that in Fig. 6 might 
prove useful in monitoring remote 
temperatures. Either place the op 
amp in the receive end of Fig. 5, or lo- 
cate it with the sensor. if the op amp 
is located with the sensor, a four -wire 
line is needed (V - , V + , ground and 
temperature). The advantage here is 

that line losses are overcome by the 
greater output of the op amp. The 
LM -335 is a rugged device, however, 
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Fig. 6. Adding operational amplifier 
to LM -355 Circuit provides isolation 

buffering und selectable gain. 

and in many cases such measures 
would not be needed. 

Temperature Scale Conversions 

Though the Kelvin scale is used ex- 
tensively in scientific calculations, it 
isn't popular in most "practical" sit- 
uations. Most readers will want to 
make temperature measurements in 
either degrees centigrade or degrees 
Fahrenheit. Let's discuss the circuits 
that will automatically give °F and 
°C readings. 

If the sensor's output is being fed 
into a microcomputer, it might be 
prudent to use the simplest circuit 
available, which is to measure in de- 
grees Kelvin and let the computer do 
the converting. Here are the for- 
mulas that will be used: °C = °K 
273 and °F = (1.8 x °C) + 32. 

Before you jump right in, how- 
ever, you must make the computer 
think it is seeing the correct kind of 
data. The analog -to- digital (A /D) 
converter will usually feed into the 
computer a binary number between 
00000000 and 11111111, scaled to 
represent a temperature value. As- 
sume an 8 -bit A/D converter and a 0 ° 
to 100 °C temperature range. The in- 
put to the A/D converter will be 2.73 
to 3.73 volts. 

If the A/D converter is able to pro- 
vide offset measurements, you can 
set the maximum range for I volt and 
then offset i t to 2.73 volts. In that un- 
likely case, 00000000 would repre- 
sent 0° C, and 1 1 1 1 1 1 1 1 would repre- 
sent 100 °C. More likely, you will use 
a 5 -volt unipolar input A/D convert- 
er to measure the narrow range of 
2.73 to 3.73 volts and suffer a resolu- 
tion loss. But this loss will usually be 
less than the nonlinearity of the 
transducer /sensor. Therefore, the 

voltage represented by a change of 
one least- significant bit (LSB) in the 
A/D output data word would be ap- 
proximately 20 mV and would repre- 
sent 2° K. If all you need to measure 
is within 2 °, you can use this system. 
Otherwise, some form of offset mea- 
surement is needed. 

Figure 7 shows a scheme for con- 
verting the degrees Kelvin output of 
LM -335 sensor DI into degrees centi- 
grade. Since °C are the same as °K, 
no change of slope in the output fac- 
tor is needed -the output is 10 

mV / °C and circuit gain is unity. 
The basic Fig. 7 circuit is an invert- 

ing dc amplifier based on a common 
operational amplifier like the 741. 
Gain is set by R3 /(R1 + R2). The 
noninverting ( + ) input of the dc dif- 
ferential amplifier receives both the 
temperature signal and a dc offset 
bias. Potentiometer R6 is used to set 
the voltage at point "A" to + 1.83 
volts (use a 2 1/2-digit or more digital 
voltmeter). The result is that the out- 
put of Al will be 2.73 volts less than it 
would have been were the offset not 
placed in the circuit, with the result 
that the output is scaled in °C. 

Figure 8 is a circuit that converts 
°K to °F. To be able to make this con- 
version, you need two types of de- 

Fig. 7. This circuit Converts the °K output front LA1 -355 sensor D1 into °C. 
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Direct- Reading °C and °F Sensors 
Reader Carl Lodstrom (Applications 

Engineer at Dow -Key Microwave 
Corp.) passes on the following informa- 
tion about National Semiconductor's 
LM34 and LM35 series of IC tempera- 
ture sensors that give direct readings in 

degrees Fahrenheit and centigrade, re- 

spectively. To paraphrase the applica- 
tions note, the LM34 and LM35 have an 
advantage over linear temperature sen- 
sors calibrated in degrees Kelvin be- 
cause you are not required to subtract a 

large constant voltage from their out- 
puts to obtain convenient Fahrenheit or 
centigrade scaling. Also, no external 
calibration or trimming is required to 
ensure accurcy. Hence, use of an LM34 
or LM35 series sensor eliminates the 
need for special circuitry and, thus, sim- 
plifies thermometer design. 

Like the LM -355 described in the 
main text, the LM34/35 series are three - 
terminal devices and are available in 

TO -92 plastic and TO -46 metal -can 
packages. Of course, since the LM34 

VOUT 

TO -46 CASE 

(H or AH SUFFIX) 

VouT 

TO -92 CASE 

(Z SUFFIX) 

Fig. A. Pin identification for the LM34 
and LM35 IC sensors. 

and LM35 have no adjust terminals, 
their pinout differs from that of the 
LM -355 (Fig. A). Another difference is 

the schematic symbol, which is simply a 
box for the LM34/35 series (Fig. B). 

l+ 
LM34 or 

LM35 VOUT 

I 

Fig. B. This is the schematic svmbolfor 
the LM34/355 series. 

Depending on the sensor chosen, the 
output will be either + 10 mV/ °C or 
+ 10 mV/ °F. Measuring ranges are 
from - 50° to + 300° in Fahrenheit and 
from - 55 ° to + 150° centigrade. Guar- 
anteed accuracy is 1.0 ° F at + 77 ° F or 
0.5 °Cat +25 °C. 

The LM34/35 series of IC tempera- 
ture sensors would be ideal for the proj- 
ect builder, except for the fact that they 
are not readily available from the usual 
mail -order parts suppliers. If you want 
just one or two, you may have a difficult 
time finding them outside of OEM dis- 
tributor outlets, which normally sell in 
minimum -quantity lots. 
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fig. 8. Converting °K to °F, using two types a /degrees, different magnitudes. 

Fig. 9. Several L;11- 355 sensors make an average-temperature thermometer. 

grees that are offset from each other 
(like Kelvin and centigrade, they 
have different zero references), and 
different magnitudes. Thus, the con- 
version circuit must offer both an 
offset and a change of slope. The off- 

set is provided by potentiometer R3, 
which is used to set the 0 °C point out- 
put level. Potentiometer R2 is used to 
set a calibration point at some higher 
temperature (for example, 25 ° C, or 
a room temperature of 77 ° F). 

Calibration of the two points is 

performed in a manner similar to that 
detailed above. The zero point is set 
using a water /ice solution (adjust 
R5). The higher point is probably 
best set at room temperature. In both 
cases, the actual temperature could 
be measured with an ordinary mer- 
cury thermometer. 

Measuring Average 
Temperature 
There are times when it may be better 
to measure the average temperature 
in a small area, instead of taking a 

single temperature measurement for 
a large volume of space. One example 
might be in the temperature control- 
ler for a room where the average tem- 
perature is a more realistic indicator 
of the room's need for additional 
heat. Figure 9 shows the method for 
using several LM -335Z sensors for 
making an average- temperature elec- 
tronic thermometer. The series -con- 
nected sensors form an output that is 

approximately 30 mV/ °K for the 
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/ i . /n. , l method of making a differential thermometer with ungrounded output. 
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Fig. II. Ground- referenced circuit does not require floating display devices. 

average temperature. "Average" 
temperature here is the space aver- 
age, not time average. The latter 
measurement would be made with a 

single sensor and an electronic inte- 
grator circuit to time- average the 
output signal. 

Differential Thermometers 

Figures 10 and 11 illustrate two meth- 
ods for making a differential ther- 
mometer. These circuits produce an 
output that is proportional to the dif- 
ference between two temperatures. 
The Fig. 10 circuit uses two LM- 
335Zs in a bridge arrangement. The 
floating output voltage is taken be- 
tween two ungrounded points. If the 
output is applied to the floating in- 
puts of a voltmeter or similar display 
device, it will give a reading of the dif- 
ference between the temperatures 
sensed by DI and D2. 

A ground- reference version of the 
Fig. 10 circuit is shown in Fig. 11. 

This circuit has a simple dc differen- 
tial amplifier added to its output. 
Since the unbalanced output is refer- 
enced to ground, you aren't con- 
strained to using floating display de- 
vices. 

One application of the differential 
thermometer is in measuring the dif- 
ference between indoor and outdoor 
temperatures. Another is in environ- 
mental computer control circuits 
where the source selected for heating 
a home depends upon the relative dif- 
ference between room temperature 
and hot water source temperature. If 
the solar -heated hot water source is 

not up to snuff, the "augmented" 
fossil -fuel heater would be turned on. 

In Conclusion 
The LM -335Z temperature sensor is 

easy to use, and provides relatively 
good accuracy in electronic thermom- 
etry at low cost. What's more, it's 
readily available to experimenters.AE 

Take a Closer Look 
) 

What do you want from a Ham 
magazine? News. 
Entertainment. Interviews. 
Projects. Reviews. 
Information. Great Reading. 

Is that all? 

Well, how about a WAZ Award 
Program, a Five Band WAZ 
Program, the two greatest 
World Wide DX Contests in the 
world, a DX Awards Program, 
two 160 Meter DX Contests, a 

USA-CA County Awards 
Program, a DX Hall of Fame. 
Twelve of the greatest 
achievement and operating 
programs in the Amateur 
Radio world. All from CO. 
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