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Temperature sensor

Specification sheet
SMT 160-30
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1. Introduction

The Smartec temperature sensor is a sophigticated full silicon temperature sensor with a
digitd output. The one wire (duty cyde) output can be connected to dl kind of micro-
controllers directly without the need of A/D conversion. The temperature range is

—45 °Cto 150 °C. The sensor is available in various housing like T018, T092, T0220

and for high volume production in SOIC.

2. Smart temper atur e sensor

Most important features
* No A-D converter necessary
* Absolute accuracy = .7 °C
* Linear output within .2 °C
* Qutput fully digitd interpreteble
* Qutput fully andogue interpretable
* Cdibrated on chip.
* TTL, CMOS competible
* Temperature range 175 °C (-45 to +130 °C)
* Dir ectly connectable to datainput of micro processor
* Easy multiplexing when using more sensors to one micro processor

* Low power consumption (< 1 mwW)

Typica applications
* Heater systems
* Air conditioners
* Climatizing units
* Washing machines
* Overhedting protection

* Appliances
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Product highlights

1 The SMART TEMPERATURE SENSOR represents a significant totaly new
development in transducer technology. Its new on-chip interface respondsto the
progressively stringent demands of both the consumer and indusirid eectronics
sectorsfor atemperature sensor directly connectable to microprocessor input and
thus capable of direct and reliable communication with microprocessors.

2 The SMART TEMPERATURE SENSOR festures a duty-cycle modulated square
waveoutput voltage with linear response to temperatures in the -45 °C to +130 °C
range to an accuracy of better than 1.2 °C. In the range from -30 to +100 °C the
linearity is better than 0.2 °C. (TO18)

3 The SMART TEMPERATURE SENSOR is cdibrated during test and burnvin of
the chip. The integra modulator ensures that the sensor unit can communicete
effectively with low-cost processors without the need of (onboard) A-D convertors.

4 The SMART TEMPERATURE SENSOR combines digitd output and on-chip
cdibration to ensure mgjor cost reductions and performanceredated advantages.

5. Direct connection of the sensor output to the microprocessor input reduces the
number of components and terminas to aminimum, cutting costs ard boodting
religbility.

6. In gpplications where more sensors are used, easy mulltiplexing can be obtained by
using more micro processor inputs or by using smple and chegp digita
multiplexers.

7. Since the sensor requires no subsequent cdlibration, optima cost savings are
recorded both during manufacturing and in the course of after-sdles servicing.
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3. Pin-out and housing
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4. Product description

The SMT160-30 is athree termind integrated temperature sensor, with a duty-cycle
output. Two terminds are used for the power supply of 5 Volts and the third termina
cariesthe output signd. A duty cycle modulated output is used because this output is
interpretable by a micro-processor without A-D converter, while the andogue
information is ill avalable

The SMT160-30 (TO18 modd) has an overdl accuracy of 0.7 °C in the range from -30
Cto +100 °C and an accuracy of 1.2 °C from

-4510 +130 °C. This makes the sensor espedidly useful in dl gpplications where
"human" (dimate contral, food processing etc.) conditions are to be controlled.

The C-mos output of the sensor can handle cable length up to 20 meters. This makes the
SVIT160-30 very useful in remote sendng and control gpplications.

Parameters Vdue unit
Supply valtage 475 -7 Vv
Supply current max 200 A
Short circuit protection infinite (within supply -
voltage range)
Operating temperature | -45t0 +130 °C
range
Storage temperature -50t0+150 °C
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5. Specifications

TO18 TO92 TO220 HEC SOIC
parameters min. typ M. max. * M. max.  max.
Supply voltage * 475 5 7 * * * *
Supply current 160 200 * * * *
temperaturerange®  -45 - 130 * * * *
Tota accuracy* -30+100C 0.7 12 17 15 1

-45+130C 12 2 17 15 15
Non-linearity ® 02 04 05 10 10
Supply voltage 01 * * * *
sensitivity
Repeatability 01 02 02 02 02
Long term drift 0.05 - - - 0.05
Output:
- duty cycle= 0.320 + 0.00470*t (t = temperaturein °C)
-frequency 1 - 4 * *
- noise 0.005 * *
- impedance 200 * *

All not mentioned specifications are the same as TO18
2 Case connected to ground

3 The SMT 30-160-18 can be used from -65 to +160 °C for ashort periods without physical
damage to the device. The specified accuracy applies only to the rated performance
temperaturerange.

Totd accuracy includes dl errors.
> Applicablefrom -30 to +100 °C
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6. Under standing the specifications

The way in which the SMT160-30 is specified makes it easy to apply in awidevariety
of different gpplications. It isimportant to understand the meaning of the various
specifications and their effects on accuracy. The SMT160-30 is bescdly a bipolar
temperature sensor, with accurate dectronics to convert the sensor sgnd into a duty
cycde. During production the devices are cdibrated.

The output sgnd

As gated in the specifications the output is a square wave with awell-defined
temperature-dependent duty cycle. The duty cycle of the output Sgnd is lineerly related
to the temperature according to the eguation:

D.C. = 0.320+0.00470*t D.C. =duty cycle

t = Temperature in °C
Easy cdculation shows that for instance thet at 0 °C the
D.C=0.320 or 32.0% and a 130 °C the
D.C=09310r931%

Tota accuracy

The above mentioned equation is the nomind one. The maximum deviation from the
nomina equation is defined as totd accuracy. With temperatures above 100 °C the
accuracy decreases.

Non linearity

Nor-linegrity asit gpplies to the SMIT160-30 is the deviation from the best-fit Sraight
line over the whole temperature range. For the temperature range of -30 °C to +100 °C
the non-linearity islessthan 0.2 °C (TO18).

Long-term drift

This drift srongly depends on the operating condition. At room temperature the drift is
very low (< 0.05 °C). However a higher temperatures the drift will be worse, mainly
because of changesin mechanica sresses. This drift is partly irreversble and causes

non-ided repestability and long-term effects. At temperatures above
100 °C but in the operating range a long-term drift better than 0.1 °C is to be expected.
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Noise
The resolution is better than 0.005 °C. The standarddeviation of the noisdevel
(measured over a20 ms. period) is below this 0.005 °C.

Time congtants

The time congtants of the sensor is measured under different circumstances. To compare
thiswith other types of sensors the same kind of measurements were done. Thetime
congtant is defined as the time required to reach 63% of an instananeous temperature

change.

condition time congtant
(se0) (TO18)

mounted in an du block of acertain 0.6
temperature (mean vaue of different
measurements)

in abath filled with oil thet was 14
girred

(mean vaue of different
messurements)

Moving ar with a speed of about 3 135
nvs

- without hestsink

Moving air with a speed of about 3 50
nvs

- with heatsink

Non moving ar 60

- without hestsink

Non moving ar 100
- with heatsink

The above mentioned figures are hard to measure, an accuracy of around 5 % is areasonable
edimation. These figures only concern the sensor built in a TO-18 housng and not the TO-
92 nor the chip itsdlf.
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7. General operation

An easy way of measuring aduty cycleisto use amicrocontroller. It isonly necessary
to connect the sensors output to one of the microcontrollers inputs. With help of asmadll
program it is possible to sense that input wether it is high or low. The speed of this
sampling islimited due to the ingruction time of the contraller. So to achievethe
wished accuracy it is necessary to sample over more than one sensor period. Thisway
of working has aso the advantage to filter noise. From the theory of Sgnd processng it
can be derived that thereis afixed ratio between the sensors signd frequency, the
sampling rate and the sampling noise. This sampling noise limits the accuracy and
amounts to:

Terror= 200 * ts /sgrt©* ti* tp)
Tearor = measurement error (= sandard deviation of the sampling noise)

ts = microcontrollers sampling rate
tm = totd measurement time
tp = output Sgnd periodicity of the sensor

Microcontrollers can sample a a high frequency so with asmal program it is possible
to measure the sensor's duty cycle within 50 ms and aresolution of .01 °C.

NOTE:

The above mentioned error hasin principle nothing to do with the accuracy of the
sensor; it givesonly an impression of the accur acy of measuring duty cycles with
microcontrollers (andard deviation).

For more information how to measure duty cycles with microcontrollers we refer to our
application notes.

For additiond information and/or samples, please contact:
SMARTECB.V.

Deprasngd 26

4811 AP GC BREDA

THE NETHERLANDS

td: +31 (0)76 520 53 53

fax: +31 (0)76 520535

emal; smartecnl @cs.com
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