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Termoclanek?

 Jeden z nejuniverzalnéjsich snimacu teploty.
» Siroky rozsah, odolny a spolehlivy, levny.
* \/lystupem je napéeti umerné teploté. Témeér linearni, ale malé!

* Pro dobrou presnost se musi kompenzovat tzv. srovnavaci spoj
(,,studeny konec”).

Figure 2. K-type Thermocouple with Cold Junction at 0 °C Figure 4. Cold Junction not at 0 °C
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Srovnani snimacu teploty

Table 1. Comparison of Temperature Sensors

Parameter RTD Thermocouple Thermistor Diode
Temperature range (0 °C) -200 to +850 -250 to +2350 —100 to +300 =50 to +150
Sensitivity at 25 °C 0.387 QY/°C 40 pVrrC (K-type) 416 Q/°C 250 pv/°C
Accuracy High Medium to High Medium Low
Linearity Good Fair Poor Good
Typical cost (US §) $3-%$80 $3-$15 $0.2-$10 <$0.2

Typical distance of sensing

Surface mount for
on-board temperature
3- and 4-wire up to a
few hundred meters

<100 meters

Surface mount for
on-board temperature

Leaded for <1 meter

On-board temperature

Resource requirement

Excitation current,

Amplifier, ADC, voltage

Excitation current, ADC,

Excitation current,

(best possible accuracy)

amplifier, ADC, reference, and another reference resistor amplifier, ADC
reference resistor temperature sensor for
cold junction
Response time Slow Fast Fast Slow
Computational complexity | High Very high Very high Medium




Praktické mereni s termoclankem

Figure 6. Practical Thermocouple

|sothermal
Block

Chromel Copper

Ju ncEcm 2

Junction 1
(Hot)

Junction 3
™~

Alumel Copﬁer

Reference
Junction
temperature
sensor

e+

void main()
{
int32 colddnTemp, tcColdJnuVolt, tcHotJnuVolt, tcuVolt, tcTemp ;

/* Measure cold junction temperature,

coldInTemp = MeasureColdJInSensorTemp();

/* ColdJunctionTempTomVolt () API is

tcColdJnuVeolt = Thermocouple HlﬂGetVoltaqe (coldJnTemp) ;

LPT

finds the hot junction voltage in millivolts
tcHotJnuVolt = MeasureHotJnVoltage();

/* Add cold junction compensation voltage to he
tcuVolt = tcColddnuVolt + tcHotdnuVolt;

voltage to hot

/* mVoltToTemp() API is used for

tcTemp = Thermocouple 1 GetTemperature (tcuVolt);

used to convert temp tc microvolts *

converting thermo emf to temperature */
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Prvky uvnitf

Jak to zapojit? Priklad s Kinetis K53
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Cypress PSoC

High-Predsion
Programmable Analeg.
Up fo 20-bit pracision with HV FETs. Drive up o
reference voltoge accuracy four integrated FETs at
Integrated LCD Drive betier than £0.1%, ideal for :’@vﬂ amp each for A
Technology can drive instrumentation and medical high-voltoge applications.
up 1o 736 LCD segments signal processing.
with no external devices.
PSoC’s on-board voltage State-of-the-Art
boost technology enables Power Management.

3V b 5V LCD glass to be
driven from a 0.5V power

Extremely wide 0.5V fo
5.5V operafing range,

source. with several low-power
mades. Mulfiple adjustable
power and dock domains
for ultimate fAlexibility.
CapSense
compenents enable
you fo create stylish
products with
capocifive touch- ]
sensing interfaces. "~ Confroller Area
Network (CAN])
Support. PSoC
supports this inferface,
which is commonly
used in automofive and
indusirial markets.
Full-Speed USB 2.0 Made for iPod® (MFi)
support enables Support. Cypress provides
embedded sysiems b a complete, PSoC-based
communicate instantly with development platform for

USB-enabled devices. MFi accessories.



Cypress PSoC

PSoC 5
ARM Cortex-M3 processor
PSoC 3 100 DMIPS*
8051 (1CPI*)
33 MIPS

s IONVYWIO JYId mi

16-BIT/32-BIT s



Cypress PSoC

WITH DISCRETE
COMPONENTS

WITH PSoC

]
e
5 PSoC is an entirely new embedded
QC-,?‘ design platform that incorporates
5\<< the best of the andlog, digital and
Q\'Q microcontroller worlds.



press PSoC
PSoC CREATOR™ — SOFTWARE FOR PSoC 3 AND PSoC 5

FOR HARDWARE ENGINEERS

FOR SOFTWARE ENGINEERS
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interface circuit
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The project measures thermocouple temperature using CY8CKIT-025
PSoC precision analog temperature sensor EBK. The user has the
option of switching between IC and thermistor for measuring
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Jak to zapojit? Priklad s externim ,,interface”

MAX6675

Cold-Junction-Compensated K-Thermocouple-
to-Digital Converter (0°C to +1024°C)
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Features

e Direct Digital Conversion of Type -K Thermocouple
Output
Cold-Junction Compensation

MICROCONTROLLER . . .
BBHC11AB Simple SPI-Compatible Serial Interface
12-Bit, 0.25°C Resolution

Open Thermocouple Detection

MISO

SCK

S5B
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Komunikace s MAX 6675
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Figure 1a. Serial Interface Protocol



Kod pro komunikaci pres SPI

GPIO_ClearPinsOutput(GPIOC, 1<<4); // Chip Select

while( !(SPI0->S & SPI_S_SPTEF_MASK) );
SPI0->DH = 0x0; /* vyslat prazdna data */
SP10->DL = OxCC; /* vyslat prazdna data */
while( !(SPI0->S & SPI_S_SPRF_MASK));
temp = ((SP10->DH << 24) | (SP10->DL << 16));

while( !(SP10->S & SPI_S_SPTEF_MASK) );
SP10->DH = 0x0; /* vyslat prazdna data */
SPI0->DL = 0xCC; /* vyslat prazdna data */
while( !(SPI0->S & SPI_S_SPRF_MASK));
temp | = ((SPIO->DH <<8) | SP10->DL);

GPIO_SetPinsOutput(GPIOC, 1<<4); // konec Chip Select
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Snimek skutecné komunikace SPl s MAX6675
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