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Total: 100 marks

INSTRUCTION: Answer FOUR (4) from FIVE (5) questions only.
Please use the answer booklet provided.

Question 1

(@)

(b)

(c)

(d)

With an exemplary industrial application, describe the system in term of embedded
system.
(4 marks)

The following statements described the Embedded Systems characteristics. Briefly
discuss.

I. Reactive systems

(3 marks)
il. Dedicated towards a certain application

(3 marks)
iii. Required to meet real-time constraints

(3 marks)

Define and discuss the following aspects of Embedded Systems dependability.

I. Availability

(3 marks)
il. Safety

(3 marks)
Define and discuss the Embedded Systems efficiency in terms of:
I. Run-time efficiency

(3 marks)
il. Code size

(3 marks)
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Question 2

(@) Consider a Telegraph System that allows you to connect a printer that has only a

high-speed serial port to a network. The functions of telegraph are as follows:
e Sort out the chaos on the network and provide a clean data stream to the printer.

e Feed the printer at one print job at a time and somehow hold off the other entire
computer. There might be many computers on the network, all of which might

want to print on the same time.

e The response is quite rapid to certain events. There are various kinds of network
frames to which the Telegraph System must send a response within 200
microseconds.

Describe on how the “Function Queue Scheduling” architecture may handle the
system above.
(8 marks)

(b) Define and describe the software architecture that is being used in the following
example.

!''Queue of function pointers
void interrupt vHandlerDeviceA (void)
{
!'Take care of I/0 Device A
!''Put function A on queue of function pointers

}

void interrupt vHandlerDeviceB (void)
{
!'Take care of I/O Device B
!''Put function B on queue of function pointers

}

void main (void)
{
while (TRUE)
{
While (!!Queue of function pointers is empty);
!''Call first function on queue
}
}
void function A (void)
{
!''Handle action required by device A

}
void function B (void)
{
!''Handle action required by device B

}
(8 marks)
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(© The bar-code scanner is essentially a device that gets the data from the laser, which

reads the bar codes and sends the data out on the radio. In this system, as in the

bridge, the only real response requirements are to service the hardware quick

enough.

SV

< 1. User pulls
|!| H ” ‘ | | T
2. Laser reads \ e
bar code.

3. Radio sends
bar code to

cash register

Figure 1: Cordless Bar-Code Scanner

i. State the appropriate software architecture that might be used for a system as

such.

. Justify your answer.

FSB33404 EMBEDDED SYSTEM TECHNOLOGY
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Question 3

(@) Figure 2 shows a microcontroller based system. Sketch and explain three typical

interfacing methods between MCU1 and MCU2 to expand the system 1/Os (input and

output).
mTTTToT T
' Interfacing |
' method? |
______ l_____J
+5 !
X 45
|
10k ]
= '
L mcut |-Yo-f mcuz %}‘“
Figure 2: Microcontroller Interfacing
(15 marks)
(b) By referring to the interfacing design shown in Figure 3, answer the following
guestions:
Processor A B C
Mosi —[s1 so »[si so}l—=[s 50
MIS(D |-
Figure 3: Interfacing Design
i. Identify type of bus and configuration used.
(4 marks)
. Explain the process if the Master wishes to read the data from Slave A.
(6 marks)
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Question 4

(@) Given is a common block diagram to capture signal from the analog world. Explain

briefly the function of transducer in term of analog sensor.

Analog waorld
(temperahure,
pressure, slc.}

L
Transducer

'

Signal

canditioning

Microcontroller

Figure 4: Capturing Analog Signal Process
(5 marks)

(b) Figure 5 shows the analog temperature display system. The system design is based
on following points:

° The LM34 is connected to channel 2 (ADC2 pin);
° Display the binary temperature value on LEDs (High byte: Port C and Low
byte: Port D);
° Choose the left-justified data option.
VCC

VCC

m%a

2

ATmega | == |pmaq
i 32
LEDs / 8 Port C r
PortD | -8 LEDs

Figure 5: LM35 and LED display connection to AVR

Note: LM34 datasheet, WINAVR C programming reference and register description
are attached in Appendix 1, 2 and 3.
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Complete the program and comment (i-viii) below:

#include <avr\io.h>
#include <avr\interrupt.h>

.................................... (i) //Interrupt Service Routine Function

.................................... (ii) //Give the low byte to PORTD
PORTC = ADCH;
ADCSRA |= (1<<ADSC); //start conversion

}

int main (void)

{
DDRC = OXFF
DDRD = OXFF;
DDRA = 0; o (idd)

(iv)

........................ (v) //ADC enable, ADC Prescaler clock/128

........................ (vi) //Internal 2.56Vref,ADC2 single-ended, input left-justified data

........................ (vii) //Start conversion

while (1); Y (viii)

return 0;

(10 marks)

(c) Compute the values of ADCH and ADCL for 50 degree temperature.
(10 marks)
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Question 5

Thermocouples are used extensively in the steel and iron industries to monitor temperatures

and chemistry throughout the steel making process. A signhal conditioning chip is needed to

convert the analog value to digital. Given the datasheet of MAX6675 (refer Appendix 4). All

guestions below are based on the information given in the datasheet.

(@)

(b)

(c)

(d)

(e)

What type of peripheral interfacing method used between the microcontroller and the
K-Thermocouple to Digital Converter chip?
(2 marks)

Draw a general block diagram, complete with pin assignment to show the connection
between the Thermocouple sensor - MAX6675 Chip — Microcontroller.
(5 marks)

We are designing a temperature monitoring system for two boilers. Thus, two
thermocouple sensors are needed for the stated task and eight LEDs is used to
display the temperature value in binary form. Modify the block diagram in Question
5(b) to fulfill the system design.

(5 marks)

Write a pseudo-code to capture the temperature values from two thermo-couple
sensors using plain Round Robin architecture. You are advised to use for loop
statement which allows the code to be iteratively capturing digital values from the
Sensors.

(8 marks)

Each task in plain Round Robin architecture has specific time for execution. System
above will read the converted temperature value from the MAX6675 and display the
digital value on LEDs. What will be the maximum time (second) needed for the
MAX6675 to convert the analog value to digital and explains why this method
programming design is sufficient to the system.

(5 marks)

END OF QUESTION

FSB33404 EMBEDDED SYSTEM TECHNOLOGY 7
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APPENDIX 1
LM34 Datasheet

National Semiconductor

LM34

Precision Fahrenheit Temperature Sensors

General Description

The L34 series are precision Integrated-circult temperature
GENSOrs, whose output voltage Is Inearty proporional 1o the
Fanrenhelt temperature. The LM34 thus nas an advariage
over linear temperature sensars calbrated In degrees
Kelvin, a5 the user Is not required fo sublract a large con-
stant valtage fram s aulput to obtaln convenlent Fahrenhek
scaling. The LM34 does not reguire any extermal callzration
or timming fo provide typleal accurackes of =12'F at room
temperature and +144°F over a full -50 to +300°F tempera-
ture range. Low cost Is assured by imming and calloration
a1 the wafer lewel. The LM34's low output Impadance, inear
output, and preclse Inherent callbraion make Interfacing to
readout ar contral cireuitry especlaly easy. It can be used
with single power supplies ar with pius and minus supplies.
Az It draws only 75 pA from He supply. It has very low
sel-neating, less than 0.2°F In stlll air. The LM34 Is rated 1o
operate aver a —50° to +300°F temperature range, while the
LM34C s rated for @ —40¢ to +230°F range (I°F with Im-
proved accuracy). The LML series 15 avallable packaged In

Movember 2300

nermelic TO-48 transistor packages, while the LM34C,
LM34CA and LM220 are also avalable In the plastic TC-92
translstor package. The LM340 ks also avallable In an 8-l2ag
surtace mount small outing package. Tha L34 ks 3 comple-
ment to tha LM3E (Centigrade) tempearature sensor.

Features

® Callbrated directly In degrees Fahrenhel
® Limear +10.0 my*F scale Tactor

® 10°F accuracy guaraniesd (al +77°F)

® Rated for full -50¢ to +300°F range

= Sultatle for remate applications

® Low cost due bo water-level inmming

® Operates from 5 to 30 volis

W Lags than 50 pA current grain

= Law seit-neating, 0.18'F In still air

m RWonlinganity anly +0.5F typleal

® Low-Impedance cutput, 0.462 for 1 ma load

Connection Diagrams

TO-46
Matal Can Package
[Mate 1)

Yeur =" ~ LY il
MG, =y 7p=H.C.
BATTOM v
[FEEE ] e e 3 HE. =3 Bf=H.C
Order Humbers LM3ZH, Orger Numbaer LM34CZ, GHO = 4 sk=nc
LM344H, LM3IACH, LM34CAZ or LM34DZ

LM3LCAH or LM34DH
S88 NS Packags
Humbar H3H

Hede 1 Cose & conneciad ¥ negaive pin (GHD)

TO-52
Plastic Package

See NS Packapge
Humber Z034A

50-8
Small Qutiing
Maoldad Package

HZ = Mo Connection
Top View
Order Number LM34DM
Sas HS Package Numbsr MOISA

& 2000 Kational Semiconducion Corporation DE0066E85
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Absolute Maximum Ratings o= 1) TC-4E Fackags
If Miltaryissrospace specified davicas are requirad, (Zoloaring, 91 seconds) +I0IC
pleasa contact the Mational Samiconductor Salas Offlcal TO-E2 Package
Dlztributors for avallablilty and specifications. (Solgering, 10 seconds) +260°C
Supply Voltage +25Y o -2V S0 Package (Mote 13
Output Vollage HEY o -1.0V Vapor Phase (61 seconds) 213°C
Output Curren 10 mA Infrared (15 seconsds) 220°C
Storage Temparature, Specified Operating Temp. Range (Mote 3)
TO-45 Package -TEF to +355°F Toan 10 Tusax
TO-E2 Fackage ~TEF o +300°F LM, LKA “SUF o +30TF
20-2 Fackags -65C to +150°C LM34C, LM2LCA -4I°F to +231°F
ESD Susceplbiity (Mole 13) o0V LM34s +3T'F 0 +212°F
Lead Temp.
DC Electrical Characteristics jwates 2, 7
LM348 LM34CA
Faramater Conditions Tastad Dazign Tastad Design Units
Typlcal Limit Limit  |Typleal Limit Limit [Max)
[Moke ) [ (Mot B) (Maobe 5} | (Mobe E)
Accuracy (Mote 3) Ta = +77°F 0.4 tio o4 1.0 'F
Ta = I'F z0E 06 2.0 'F
Ta = Tiuax 0.3 Tz 0.8 tz0 'F
Ta = T 048 tz.0 0.6 30 'F
Koniinganty (hote B) Traed £ Ta = Trgan +0.35 0.7 £0.30 to.g 'F
Sensor Gan Toara & T = Togan +10.0 +3.3, =100 +3.3, mMAVITF, min
[Average Slopa) +10.1 +10.1 my/'F, max
Load Reguiation Ta = +77°F 0.4 tio o4 1.0 miimA
[Mobe 2) Thaea £ T = Togam £0.5 T30 0.5 130 miimsA
Ol 21m&
Lime Regulation Ta = +77°F £0.01 oS =001 +0.05 mway
[Mobe 2} W £ g 2 30V +0.02 0.1 £0.02 +i0.1 mwry
Qulsscant Surrent g = 45V, +7T°F 75 an 75 an A
[Mobe 10) Wy = +5W 13 1e0 11 133 A
Vg = +30V, +77°F 75 2z 7 az A
Wy = +30V 132 163 17 142 )
Change of Qulescant AN £ Vg £ 30V, <TT°F | =05 20 0LE 2.0 A
Current [Kote 4) SV ENg = 30V =1.0 3.0 1in 30 A
Temperatura Coefficlent +0.30 =05 =030 0.5 pAFF
of Culescent Cunmant
Minimum Temperature In cirgult af Sigure 1, +30 +5.10 +3.0 +3.10 'F
Tor Rated Accuracy =0
Long-Term Stabiity Ty = Tunax t0.16 016 'F
for 1000 hours
Musbe ¥ Lskiss obherwisn sokd, Bese speciioaions apply; —S0°F 2T, € + 300°F Tor e LM asd LMEA, —40°F £ T, < =230°F for e LM34C aad LMECA; and
+ATF AT+ HIF lorihe LM3A0L Vg = +5 e and iy oyp = 5D hﬂ.inll'rlu'.i'h'.lﬂ ol Figara 2 +8 W for LME4 and LM3LR for 230°F 57T} 5 300°F. Thisa speciloations
Ak apoly Troms #5°F 10 T i® thi cincail of Sguwe 1
Muobi 3= Thanmal resEtnnis of Tha TOME poekngs & T2 FA juction be ambient and £3FiW uncSos 12 sase Thanmal resisans of e TOG2 pacas is 34 F
jumction W ambast Teameal resislaecs o thi amall ouling molded Dockags & 00T junoion W e=Eest For addonal Il mdsbanod isformalion s b
in e Tymdcal Apolcations seslon
Hute 42 Faguiation s ressonad ol jenction tasperalure wEing ke leslng with e love dely cyela. Changes in outpul duie o eating eTests can bo oompuned
ey muktiplying tha i | dissipaticn by #a ih | rics @
Mabi 52 Tasled limis ane guaraniesd aid 100% eeked in prodacsion.
Huobe &2 Desgs lisiks ae guaraniesd (bt ol 100% prodoction tesied) over B indicated Wmpanaune ard supply sologe nangas. These §mis ana not osed o
calculate oulgoing Gually Kessts
Hute 7: Specfication in BOLDFACE TYPE apply ower e Tull raied mmpenalue mngs.

3 wasnaionaloom

FSB33404 EMBEDDED SYSTEM TECHNOLOGY



JANUARY 2014

APPENDIX 2

WINAVR C Programming

Code

DDRB = Oxff;

Comment

All port B pins as output

PORTB = Oxff;

All port B pins set

to “1”

DDRB |= 1<<DDB2; [Set port B pin 2 as

output

DDRB &=
~(1<<DDB2);

Set port B pin 2 as

input

PORTB |=
_BV(PB2); or

PORTB |=
1<<2; or

PORTB |=
1<<PINB2;

Set port B pin 2 to

PORTB &=
~_BV(PB2); or

PORTB &=
~(1<<2); or

PORTB &=
~1<<PINB2;

Set port B pin 2 to “0”

if (PIND &
(1<<PIND3))
{

equal to “1”

Check if port D pin 3

if (! (PIND &
(1<<PIND3)))
{

equal to “0”

Check if port D pin 3

FSB33404 EMBEDDED SYSTEM TECHNOLOGY
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APPENDIX 3
Analog to Digital Converter: Register Description

ADC Multiplexer Selection

Register - ADMUX Bit 7 8 5 4 3 2 1 0
| REFS1 | REFSO | ADLAR | MUX4 | MUX3 | MUX2 | MUX1 | MUX0 § ADMUX

Read/Write RW RW RW RAW RW RW RW RW

Initial Value 1] 1] 0 ] 0 0 ] 0

+ Bit 7:6 - REFS1:0: Reference Selection Bits

These bits select the voltage reference for the ADC, as shown in Table 89. If these bits
are changed during a conversion, the change will not go in effect until this conversion is
complete (ADIF in ADCSRA is set). The internal voltage reference options may not be
used if an external reference voltage is being applied to the AREF pin.

Table 89. Voltage Reference Selections for ADC

REFS1 | REFS0 | Voltage Reference Selection
0 0 AREF, Internal Vref turned off
0 1 AVCC with external capacitor at AREF pin
1 0 Reserved
1 1 Internal 1.1V Voltage Reference with external capacitor at AREF pin

+ Bit5- ADLAR: ADC Left Adjust Result

The ADLAR bit affects the presentation of the ADC conversion result in the ADC Data
Register. Write one to ADLAR to left adjust the result. Otherwise, the result is right
adjusted. Changing the ADLAR bit will affect the ADC Data Register immediately,
regardless of any ongoing conversions. For a complete description of this bit, see “The
ADC Data Register — ADCL and ADCH" on page 208.

+ Bits 4:0 - MUX4:0: Analog Channel Selection Bits

The value of these bits selects which combination of analog inputs are connected to the
ADC. See Table 90 for details. If these bits are changed during a conversion, the
change will not go in effect until this conversion is complete (ADIF in ADCSRA Is set).

Table 90. Input Channel Selections

MUX4..0 | Single Ended Input | Positive Differential Input ‘ MNegative Differential Input |
00000 ADCO
00001 ADCA
00010 ADC2
00011 ADC3
00100 ADC4
00101 ADC5H
00110 ADCSH
00111 ADCT
01000
01001
01010
01011
01100
01101
01110
01111
10000 ADCD ADC1

irnna R [ I

NIA

FSB33404 EMBEDDED SYSTEM TECHNOLOGY 11
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ADC Control and Status
Register A - ADCSRA

CONFIDENTIAL

Bit 7 6 5 4 3 2 1 0
[ADEN | ADSC | ADATE | ADIF | ADIE ] ADPSZ | ADPST | ADPSO ] ADCSRA

ReadWrte  RW  RW  RW RW RW . RW L RW . RW

Initial Value 0 0 0 0 0 0 0 0

» Bit7- ADEN: ADC Enable

Writing this bit fo one enables the ADC. By writing it to zero, the ADC is turned off. Turn-
ing the ADC off while a conversion is in progress, will terminate this conversion.

+ Bit 6 - ADSC: ADC Start Conversion

In Single Conversion mode, write this bit to one to start each conversion. In Free Run-
ning mode, write this bit to one to start the first conversion. The first conversion after
ADSC has been written after the ADC has been enabled, or if ADSC is written at the
same time as the ADC is enabled, will take 25 ADC clock cycles instead of the normal
13. This first conversion performs initialization of the ADC.

ADSC will read as one as long as a conversion is in progress. When the conversion is
complete, it returns to zero. Writing zero to this bit has no effect.

+ Bit5- ADATE: ADC Auto Trigger Enable

When this bit is written to one, Auto Triggering of the ADC is enabled. The ADC will start
a conversion on a positive edge of the selected trigger signal. The trigger source is
selected by setting the ADC Trigger Select bits, ADTS in ADCSRB.

+ Bit4 - ADIF: ADC Interrupt Flag

This bit is set when an ADC conversion completes and the Data Registers are updated.
The ADC Conversion Complete Interrupt is executed if the ADIE bit and the I-bit in
SREG are set. ADIF is cleared by hardware when executing the corresponding interrupt
handling vector. Alternatively, ADIF is cleared by writing a logical one 1o the flag.
Beware that if doing a Read-Modify-Write on ADCSRA, a pending interrupt can be dis-
abled. This also applies if the SBI and CBI instructions are used.

» Bit 3 - ADIE: ADC Interrupt Enable

When this bit is written to one and the |-bit in SREG is set, the ADC Conversion Com-
plete Interrupt is activated.

FSB33404 EMBEDDED SYSTEM TECHNOLOGY 12
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+ Bits 2:0 - ADPS2:0: ADC Prescaler Select Bits
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These bits determine the division factor between the XTAL frequency and the input
clock to the ADC.

Table 91. ADC Prescaler Selections

ADPS2 ADPS1 ADPSO0 Division Factor
1] 0 0 2
0 0 1 2
0 1 0 4
0 1 1 8
1 0 0 16
1 0 1 32
1 1 0 64
1 1 1 128
The ADC Data Register -
ADCL and ADCH
ADLAR =0
Bit 15 14 13 12 11 10 9 8
- - - - - - ADCY ADCE ADCH
ADC7 | ADCG | ADC5 | ADC4 | ADC3 | ADC2 ADC1 ADCO ADCL
7 6 5 4 3 2 1 0
Read/Write R R R R R R R R
R R R R R R R R
Initial Value 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
ADLAR =1
Bit 15 14 13 12 11 10 9 8
ADCY ADC8 | ADCT | ADC6 | ADC5 | ADC4 | ADC3 | ADC2 ADCH
ADC1 ADCO - - - - - - ADCL
7 B 5 4 3 2 1 0
ReadWrite R R R R R R R R
R R R R R R R R
Initial Value 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

When an ADC conversion is complete, the result is found in these two registers When
ADCL is read, the ADC Data Register is not updated until ADCH is read. Consequently,
if the result is left adjusted and no more than 8-bit precision is required, it is sufficient to

read ADCH. Otherwise, ADCL must be read first, then ADCH.

The ADLAR bit in ADMUX, and the MUXn bits in ADMUX affect the way the result is
read from the registers. If ADLAR Is set, the result is left adjusted. If ADLAR is cleared

(default), the result is right adjusted.

+ ADC9:0: ADC Conversion Result

These bits represent the result from the conversion, as detailed in "ADC Conversion

Result” on page 204.

FSB33404 EMBEDDED SYSTEM TECHNOLOGY
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APPENDIX 4
MAX6675 Data Sheet

maxim
integrated.

MAX6675

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

General Description

The MAXB675 performs cold-junction compensation
and digitizes the signal from a type-K thermocouple.
The data is output in a 12-bit resolution, SPI™-compati-
ble, read-only format.

This converter resolves temperatures to 0.25°C, allows
readings as high as +1024°C, and exhibits thermocou-
ple accuracy of 8LSBs for temperatures ranging from
0°C to +700°C.

The MAXG675 is available in a small, 8-pin SO package.

Applications

Industrial
Appliances
HVAC
Automotive

SP1 is a irademark of Motoroia, Inc.

Features

+ Direct Digital Conversion of Type -K
Thermocouple Output

+ Cold-Junction Compensation

4+ Simple SPI-Compatible Serial Interface
+ 12-Bit, 0.25°C Resolution

+ Open Thermocouple Detection

Ordering Information

PART TEMP RANGE PIN-PACKAGE

MAXE675ISA 20°C to +85°C 8580

Pin Configuration

TOP VIEW
»
GND 1] 5] NC.
[z 7] s0
2 MAXB675 ]
T+ E 6] S
vee [£] 5] sck
S0

For pricing, delivery, and ordering information, please contact Maxim Direct

at 1-888-629-4642, or visit Maxim’s website at www.maximintegrated.com.

FSB33404 EMBEDDED SYSTEM TECHNOLOGY
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MAX6675

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

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (Voo 1o GND) L. -0.3V 10 +6V Storage Temperature Rande ..o 6L°Cto +150°C
SO, SCK, C3, T-, T+ 1o GND e A3V IO Ve + 0.3V JUNCHion TeEMREratUre e e +150°C
SO CUMEnt L v BOMA SO Package
ESD Protection (Human Body Model) ... . 22000V Vapor Phase (60s) . ...
Continuous Power Dissipation (Ta = +70°C) Infrared (15s)

8-Pin SO (derate 5.88mW/C above +70°C) L. 471mwW Lead Temperature (soldering, 10s)
Operating Temperature Range ... -20°C to +85°C

Stresses beyond those listed under "Absolute Maximum Ratings” may cause permanent damage o the device. These are siress ratings only, and functional
operation of the device at thess or any other conditions beyond those indicated in the operational sections of the specifications fs not impliad. Exposurs lo
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS
(Voo = +3.0V10 +5.5Y, Ta = -20°C 1o +85°C, unless otherwise noted. Typical values specified at +25°C.) (Nate 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
TTHERMOCOUPLE = +700°C, | Yoo = +3.8V 5 +5
Ta=+25°C (Note 2) Voo = +8Y -6 +68
TTHERMOCOUPLE = O°C to Ve = +3.8V 8 +8
Temperature Error +700°C, Ta = +25°C (Note 2) | Vo = +5Y 9 +9 LSB
TTHERMOCOUPLE = +700°C | Yoo = +3.8Y 17 +17
1o +1000°C, Ta=+25°C
(Note 2) Yoo = +5Y -19 +192
Thermocouple Conversion 10.25 LVILSB
Constant
Cold-Junction Ta = -20°Cto +85°C | Voo = +3.3V -3.0 +3.0 .
Compensation Error (Note 2) Voo = +5VY -3.0 +3.0
Resolution 0.25 °C
Thermocouple Input &0 kO
Impedance
Supply Voltage Veo 3.0 55 V
Supply Current [ele] 0.7 1.5 mA
Power-On Reset Threshold VoG rising 1 2 25 4
Power-On Reset Hysteresis 50 mYy
Conversion Time (Note 2) 0.17 0.22 s
SERIAL INTERFACE
0.3 x
Input Low Voltage V] V
p 9 IL Vee
. 0.7x
Input High Voltage VIH vV
P d d Voo
Input Leakage Current ILEAK VIN = GND or Voo 5 PA
Input Capacitance CiN 5 pF
2 Maxim Integrated

FSB33404 EMBEDDED SYSTEM TECHNOLOGY 15
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Cold-Junction-Compensated K-Thermocouple-
to-Digital Converier (0°C to +1024°C)

Pin Description

PIN NAME FUNCTION
1 GND | Ground
Alumel Lead of Type-K Thermocouple.
2 T- Should be connected to ground
externally.
3 T+ Chromel Lead of Type-K Thermocouple
Positive Supply. Bypass with a 0.1TuF
¢ Vee capacitor to GND.
5 SCK Serial Clock Input
== Chip Select. Set CS low to enable the
<] Cs i
serial interface.
7 SO Serial Data Output
8 N.C. No Connection

Detailed Description

The MAXB675 is a sophisticated thermocouple-to-digi-
tal converter with a built-in 12-bit analog-to-digital con-
verter (ADC). The MAX6675 also contains cold-junction
compensation sensing and correction, a digital con-
troller, an SPl-compatible interface, and associated
control logic.

The MAXG675 is designed to work in conjunction with an
external microcontroller (UC) or other intelligence in ther-
mostatic, process-control, or monitoring applications.

Temperature Conversion
The MAX6675 includes signal-conditioning hardware to
convert the thermocouple’s signal into a voltage compat-
ible with the input channels of the ADC. The T+ and T-
inputs connect to internal circuitry that reduces the intro-
duction of noise errors from the thermocouple wires.

Before converting the thermoelectric voltages into
equivalent temperature values, it is necessary to com-
pensate for the difference between the thermocouple
cold-junction side (MAX6675 ambient temperature) and
a 0°C virtual reference. For a type-K thermocouple, the
voltage changes by 41pV/°C, which approximates the
thermocouple characteristic with the following linear
equation:

VouT = (41pV /°C) X (TR - TAMB)
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Where:
VouT is the thermocouple output voltage (pV).

TR is the temperature of the remote thermocouple junc-
tion (°C).

TaMB is the ambient temperature (°C).

Cold-Junction Compensation
The function of the thermocouple is o sense a differ-
ence in temperature between two ends of the thermo-
couple wires. The thermocouple’s hot junction can be
read from O°C to +1023.75°C. The cold end (ambient
temperature of the board on which the MAX8675 is
mounted) can only range from -20°C to +85°C. While
the temperature at the cold end fluctuates, the
MAXB675 continues to accuralely sense the tempera-
ture difference at the opposite end.

The MAXB675 senses and corrects for the changes in
the ambient temperature with cold-junction compensa-
tion. The device converts the ambient temperature
reading into a voltage using a temperature-sensing
diode. To make the actual thermocouple temperature
measurement, the MAX6675 measures the voltage from
the thermocouple’s output and from the sensing diode.
The device's internal circuitry passes the diode's volt-
age (sensing ambient temperature) and thermocouple
voltage (sensing remote temperature minus ambient
temperature) to the conversion function stored in the
ADC to calculate the thermocouple’s hot-junction tem-
perature.

Optimal performance from the MAX6675 is achieved
when the thermocouple cold junction and the MAX6675
are at the same temperature. Avoid placing heat-gener-
ating devices or components near the MAX6675
because this may produce cold{unction-related errors.

Digitization
The ADC adds the cold-junction diode measurement
with the amplified thermocouple voltage and reads out
the 12-bit result onto the SO pin. A sequence of all
zeros means the thermocouple reading is 0°C. A
sequence of all ones means the thermocouple reading
is +1023.75°C.

Maxim Integrated
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Applications Information

Serial Interface
The Typical Application Circuit shows the MAX6675
interfaced with a microcontroller. In this example, the
MAXB675 processes the reading from the thermocou-
ple and transmits the data through a serial interface.
Force CS low and apply a clock signal at SCK to read
the results at SO. Forcing CS low immediately stops
any conversion process. Initiate a new conversion
process by forcing CS high.

Force CS low to output the first bit on the SO pin. A
complete serial interface read requires 16 clock cycles.
Read the 16 output bits on the falling edge of the clock.
The first bit, D15, is a dummy sign bit and is always
zero. Bits D14-D3 contain the converted temperature in
the order of MSB to LSB. Bit D2 is normally low and
goes high when the thermocouple input is open. D1 is
low to provide a device ID for the MAX8575 and bit DO
is three-state.

Figure 1a is the serial interface protocol and Figure 1b
shows the serial interface timing. Figure 2 is the SO out-
put.

Open Thermocouple
Bit D2 is normally low and goes high if the thermocou-
ple input is open. In order to allow the operation of the
open thermocouple detector, T- must be grounded.
Make the ground connection as close to the GND pin
as possible.

Noise Considerations
The accuracy of the MAX6675 is susceptible to power-
supply coupled noise. The effects of power-supply
noise can be minimized by placing a 0.1pF ceramic
bypass capacitor close to the supply pin of the device.

Thermal Considerations
Self-heating degrades the temperature measurement
accuracy of the MAX6675 in some applications. The
magnitude of the temperature errors depends on the
thermal conductivity of the MAX6675 package, the

Maxim Integrated
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mounting technique, and the effects of airflow. Use a
large ground plane to improve the temperature mea-
surement accuracy of the MAX6675.

The accuracy of a thermocouple system can also be
improved by following these precautions:

¢ Use the largest wire possible that does not shunt
heat away from the measurement area.

o |f small wire is required, use it only in the region of
the measurement and use extension wire for the
region with no temperature gradient.

¢  Avoid mechanical stress and vibration, which could
strain the wires.

o When using long thermocouple wires, use a twisted-
pair extension wire.

o Avoid steep temperature gradients.

e Tryto use the thermocouple wire well within its tem-
perature rating.

¢ Use the proper sheathing material in hostile environ-
ments to protect the thermocouple wire.

o Use extension wire only at low temperatures and
only in regions of small gradients.

o Keep an event log and a continuous record of ther-
mocouple resistance.

Reducing Effects of Pick-Up Noise
The input amplifier (A1) is a low-noise amplifier
designed to enable high-precision input sensing. Keep
the thermecouple and connecting wires away from
electrical noise sources.

Chip Information

TRANSISTOR COUNT: 6720
PROCESS: BICMOS
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