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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)

Define the Embedded System and choose one industrial area which use embedded
system technology.

(4 marks)
The following statements describe the Embedded Systems characteristic. Briefly
discuss.

i. Hybrid systems

(3 marks)
il. Dedicated towards a certain application

(3 marks)
iii. Hardly recognizes

(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. Power Consumption

(3 marks)
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Question 2

(@) Explain the characteristics of the ‘Round-robin with Interrupt’ architecture below:
I. Priorities Available
il. Worst Response Time for Task Code

(5 marks)

(b) What type of software architecture is being used in the following example? Briefly
explain.
unsigned char fDeviceA = FALSE;
unsigned char fDeviceB = FALSE;
void interrupt vHandleDeviceA (void) {
!l Take care of I/O Device A
fDeviceA = TRUE;
}
void interrupt vHandleDeviceB (void) {
!'! Take care of I/0O Device B
fDeviceB = TRUE;
}
void main (void) {
while (TRUE)
{
if (fDeviceA == TRUE) {
fDeviceA = FALSE;
! Handle data to/from Device A
}
if (fDeviceB == TRUE) {
fDeviceB = FALSE;

'l Handle data to/from Device B

(20 marks)

(©) Figure 1 shows an insulin pump data flow. A system is used by diabetics to simulate
the function of the pancreas which manufactures insulin, an essential hormone that
metabolizes blood glucose. The systems measures blood glucose (sugar) using a

micro-sensor and computes the insulin dose required to metabolize the glucose.

FSB33403 EMBEDDED SYSTEM 2
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Blood
Blood parameters
Blood sugar Blood sugar Blood sugar
sensor analysis level
Insulin
requirement
computation
Pump control
Insulin commands Insulin Insulin
Insulin e | delivery requirement
pump controller

Figure 1: Insulin pump data flow

i. State the type of appropriate software architecture might be used for such a
system.
(2 marks)
ii. Justify your answer in Question 2(c)i.
(8 marks)
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Question 3

(@)

CONFIDENTIAL

As an Embedded System Engineer you were given a task to develop a

microcontroller based mobile robot controller. Following are the specifications of the

selected microcontroller.

Table 1: The microcontroller specifications

Parameter Name Value Features

Program Memory Type Flash e 2 PWM 10-bit

Program Memory (KB) 14 e 256 Bytes EEPROM data memory
CPU Speed (MIPS) 5 e ICD

RAM Bytes 368 e 25mA sink/source per I/O
Data EEPROM (bytes) 256 e Self Programming

Digital Communication 1-A/E/USART, e Parallel Slave Port
Peripherals 1-MSSP(SPI/I2C)

Capture/Compare/PWM > CCP

Peripherals

Timers 2 x 8-bit, 1 x 16-bit

ADC 8 ch, 10-bit

Comparators 2

Temperature Range (C) -40 to 125

Operating Voltage Range 21055

V)

Pin Count 40

Based on the above specifications:
i. List the interfacing method of expanding I/Os (input and output) by interfacing two
microcontrollers together and briefly justify your answer.
(4 marks)

ii. Sketch and label all the interfacing method.
(6 marks)

(b) The interfacing design in Figure 2 is referred.

SCLK |————# SCLK
SPI MOS] » MOSI SPI
Masier MISO  |— ] MISO Slave
55 —————» 55

Figure 2: Interfacing design
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Briefly explain the function of signal pin below:
i. SCLK.

(3 marks)
ii. MOSI.

(2 marks)

(© 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.
o 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 Response quite rapidly to certain events. There are various kinds of network

frames to which Telegraph must send a response within 200 microseconds.
Describe on how the “Function Queue Scheduling” architecture may handle the

system above.
(10 marks)

FSB33403 EMBEDDED SYSTEM 5



SEPTEMBER 2014 CONFIDENTIAL

Question 4

(@)

(b)

Note:

The sensors of LM34 series are precision integrated-circuit temperature sensors
whose output voltage is linearly proportional to the Fahrenheit temperature. By

referring to the datasheet given in the Appendix 1, answer the questions below:

i. Find the output voltage scale for each degree of 1 Fahrenheit.
(2 marks)
ii. The voltage reference, VReF is set to 2.56V. Discuss this voltage selection when
using LM34 sensor.
(3 marks)

Write a program to read and display the temperature as shown in Figure 3. The
following points must be noted:
e The LM34 is connected to channel 0 (ADCO pin);
e The 10-bit output of the A/D is divided by 4 to get the real time
temperature. Thus, left-justified data option is used;

e The interrupt service is used in the program.

WCC
VOO |
ADC

1]

ATmega ;MM

Port D /1/8 LEDs

Figure 3: LM35 and LED display connection to AVR

LM35 datasheet, WINAVR C programming reference and register description are
attached in Appendix 1, 2 and 3.
(10 marks)

(c) Calculate the digital values for 50 degree temperature and state the involved register(s).

(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

FSB33403 EMBEDDED SYSTEM 7
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APPENDIX 1
LM34 Datasheet

Movember 2000

&Nﬂtianﬂf Semiconducitor

LM34
Precision Fahrenheit Temperature Sensors

General Des criptiﬂn hermetic TO-48 transistor packages, while the LM34C,
_ R _ B B LMZ4CA and LM240 are alse avallatle In the plasiic TO-92
The LM 34 series are precision inizgrabed-cicull IBMp=ratiire  ymogigir package. The LW340 i also avallatie In an 8-lzag
EEN=ars, whose output voliage Is Inearty praporional 1o the surface mouni 6mall outing package. The L34 ks a comple-
Fanrennzlt temperatura. The LM34 thue Nas an advanad® mantin fha LM3ES (Centgrade) temperature sensor.

ower linear lemperature sensors calbrated In gegrees

Kelvin, a5 the usar Is not required to sublract a lange con-

tant voltage from Hs auipat to ootaln convenlent Fahrennes. | EATUTES

scaling. The LM22 does nod reguire any exlemal calbrasion ™ Callbrated dirzctly In degrees Fahrenhel
of timming = prowvide typleal accurackes af 2327 at rcom @ Unear +10.0 my°F scale facior
temperature and £ 14°F aver & full =50 b +300°F 1empera-  w 1.0°F acouracy guaranie=d (at +77'F)

ture range. Low cost Is 3ssured by imming and €albratan  w Rated for full -50° to +300°F range

at the warler lewel. The LM34's low cutput Impadanee, lIngar = Sullable for remote applicalions "
putput, and pracise inherent callbration make nefacing 0y ) g coct que to wassr-level imming
reagout ar contral cireutry especialy 3sy. B can be used )

whh Zingle pawer GURPIIEE of Wit plUS and minus supgliss. ™ CPErALEs am 5 es 30 vols

AS It draws only 73 pA from = supply, it has wery [ow ™ Less han 51 pa current drain

EEF-Neating, 1265 than 0.2°F In sl aF. The LM24 Is raled to ™ Law BeiHNeating, 0.18°F In sl alr

pperats aver a —51° o +300°F 1emperature rangs, while the = honlin2anty anly £0.5°F byplcal

L8345 |2 rated Tor a —£40° 0 +230°F range [1°F wih Im- m Law-Impedanca outpud, 040 for 1 ma load

proved dccuracy). The LM3L series Is avallatle packagad In

Connection Diagrams

TO4E
Maetal Can Package TO-G2 S0-B
Plastic Packapge )
(Hate 1] B Small Outiine
i SHD Maldad Packapge
[ ] [] []
Vour =11 R o=y
HE =12 TFNE
BATI0M nEw
[FHE R Ol bl 3 HE. =5 Gl=H.C.
Crdar Humbara LM34H, orger Humbar LM34CZ, e sl=n.c.
LM3£4H, LM34CH, LM34CAZ OF LM3I40Z
LM3ILCAH or LM34OH S8 NS Packapge Cae 3
580 N3 Packapge Humbar Z034 LG, = ho-Donnactisn
Humber HO3H Tap viaw
Order Humber LM340M
So8 NS Packags Humbar MOSA
Kate 1! Coki & conndctad 4o negaisa pin [SHO)
= 2000 Katana Semiconducior Coporsiicn CE00BBRS arsraraionsloam
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Sugply Valtaga
Oudput Volage
Ouiput Cumrend

TO-45 Package
TO-C2 Fackaga
50-3 Package

Lead Temp.

Starage Temperature,

Absolute Maximum Ratings o= 1)

Ir MilltaryiAsrozpace =pacifled devicas are required,
pleaza contact the Matlonal Semiconducter Salas Offical
Dietributore for avallabllity and speciflcations.

#35V o -D2V
+a\ o 1.0V
10 mA

—-TE°F to +355°F
-7E°F to +300°F
-65'C 1o +151°C

ESD Suscepliblity (Nole 12)

200

DC Electrical Characteristics (wates z, 7)

TO-45 Package

(Salgering, 10 sezzngs)

TO-E2 Package

{Salgaring, 10 sERDAES)

50 Package (Mole 13)

Vapor Phase (60 seconds)

Infrared (15 GECOMLE)
Specifies Cperating Temg. Rarge (Mote 3)

L34, LM2La
LM3AC, LM2LCA
LA3AD

+300°C
+260°C

215°C
220°C

Toun 10 Toanx
-S0°F to +300°F
-40°F to +230°F

+32°F to +212°F

LM3da LMIACA
Paramater Caondlticne Tezted | Daelgn Tasted | Deselgn Unitas
Typlcal | Limit Limit (Typlcal | Limit Limilt [Max)
Motz 5} | [Mae E) [rata 5 | [Mata E)
Accuracy (Mole 3) Ta = +7T'F =0.4 1.0 104 1.0 'F
Ta = 'FF 0.6 T0E tz2.0 'F
Ta = T 0.8 20 0 E t20 'F
Ta = Tuin 0.8 20 106 3.0 'F
Noninearty [Naote &) Toara = T, & T +0.35 to.7 £0.30 tos 'F
Sensar Galn Tharea = T 5 T +10.0 +3.3, +10.0 +3.4, mW/"F, min
[Averaga Slopa) 101 <101 | myPF, max
Load Raqguiation Ta = +I7'F 0.4 LS} 04 10 LA
[Maote 4) Toara = T & T 0.5 3.0 o5 130 miyimaA
0=l =1m&
Line Requlation Ta = +77'F +0.01 TS 0.1 t0.05 m
[Mate 4) W 2V £ 30V +0.02 +0.4 0.02 0.1 mny
Qulescant Current Vg = 45V, +77°F 75 an I an (1)
[Mate 10) Wy = +5W 1 1D 118 133 BA
Vg = +30V, +77°F Ta az TE az 1]
Wy = +30W 132 163 117 142 BA
Change af Qulescent £ =g £ 30V, 2T7°F 0.5 2.0 0.5 20 BA
Current [Wabe 4} 3V =g = 30V «1.0 3.0 1.0 3.0 (1]
Temperalura Coefflcent +[.30 +0.5 +0.30 +0.5 pAEF
of Qulescent Cumand
Minimum Temperatur2 | In elrcult af Figura 1, #3.0 +5.0 +3.0 +5.0 'F
Tor Raled Accuracy =10
Long-Temm Stabiity Ty = Tiwx +0.16 £0.16 'F
for 1000 haurs

Hobs 32 Uskeds Offirwiba Roked, Do Spaoforions appy: —50F 2T, & + 300'F Tor tha LM and LMEA, ~00F S TS #230°F fur 0 LME4C and LM A, wnd
+51‘.=5T150211""F1\:\r1rﬁ:hl54|:| Wig = +0 W aed ) o = ED pAind -:i'mhn1F@.rﬂ2‘,+!|'-'c:brLHB-I-a.n:ILl.l:ﬂ.'ﬂ:-'IBG'FsT|15DTF.Trmsp|d1u|hrs
aiken apply Trom +5°F 10 Thgay I thie cincch of Spwe 1
Hobe 1 Tharmal resslosos of e TO-8 peckage s 720°FAY junction be anndient and L3 Fi junedon o cike. Thanmal resisiases of tha TOWG2 pachige is 234" Fh
junction o asbkast Tramal resislasos of te amall oufne molded pockaga & J00°FAA junction i a=bast For add®oral thermal e stancs i=famalion sea taba
in thia Typizal Spofoations seslion
Hobs 42 Reguiation i o enad of coran fonotion b pana e g pube st ng Wit @ v doty oycha. Changa in oufpul dus 1D healng eTocts can ba oempined
by Mg e intamal desipation by o hamal Resmne

Muobs & Tashed nls ana guoranbmd and 100 fashed in prodocion.
Mobe 82 Desgs I=ks v guarsn lisd (Bat nob 1005 prodochion sl owsr T indicated lmpariu e and Susply vologs rangas. Thise EMes an nof csed (o
calufa outgoing qually ket

Huobs 72 Specifiaton n BOLDRAGE TYPE apply o e Tull raled fbmperaluse @nge.
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APPENDIX 2
WINAVR C Programming

Code Comment
DDRB = Oxff; 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 “1”

PORTB &=
~_BV(PB2); or

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

PORTB &=
~1<<PINB2;

Set port

B pin 2 to “0”

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

Check if
equal to

port D pin 3
wpn

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

Check if
equal to

port D pin 3
“g”

FSB33403 EMBEDDED SYSTEM
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APPENDIX 3

Analog to Digital Converter: Register Description

ADC Multiplexer Selection

Register - ADMUX

Bit 7 6 5 4 3 2 1 0
[ REFSTT REFS0 | ADLAR | MUX& | MUX3 | MUXZ | MUX1 | MUX0 ]| ADMUX

Read/Write RIW RIW RIW RIW RW  RW  RW  RW

Initial Value 0 0 0 0 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

FSB33403 EMBEDDED SYSTEM

MUX4..0 | Single Ended Input | Positive Differential Input ‘ Negative Differential Input ‘
00000 ADCO
00001 ADCH1
00010 ADC2
00011 ADC3
00100 ADC4
00101 ADCS
00110 ADCE
00111 ADCT
N/A
01000
01001
01010
01011
01100
01101
01110
01111
10000 ADCO ADC1
P R [ amma |
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ADC Control and Status
Register A - ADCSRA

CONFIDENTIAL

Bit 7 6 5 4 3 2 1 0

I ADEN ADSC | ADATE ADIF ADIE ADPS2 | ADPS1 | ADPSO I ADCSRA
Read\Write R RW RAW RwW RW RW R RW
Initial Value 0 0 0 0 0 1] 0 0

+ Bit7 — ADEN: ADC Enable

Writing this bit to one enables the ADC. By writing it to zero, the ADC is turned off. Tum-
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.

» Bit 5 - 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.

» Bit 4 — 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 to 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.

+ Bit3 - ADIE: ADC Interrupt Enable

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

FSB33403 EMBEDDED SYSTEM 13
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The ADC Data Register -
ADCL and ADCH

ADLAR =0

ADLAR = 1

FSB33403 EMBEDDED SYSTEM

+ Bits 2:0 - ADPS2:0: ADC Prescaler Select Bits

CONFIDENTIAL

These bits determine the division factor between the XTAL frequency and the input

clock to the ADC.
Table 91. ADC Prescaler Selections
ADPS2 ADPS1 ADPS0 Division Factor
0 0 0 2
0 0 1 2
0 1 ] 4
0 1 1 8
1 0 0 16
1 0 1 32
1 1 ] 64
1 1 1 128
Bit 15 14 13 12 11 10 9 8
- - - - - - ADCO | ADCS ADCH
ADC7 | ADC6 | ADC5 | ADC4 | ADC3 | ADC2 | ADC1 ADCD ADCL
7 6 5 4 3 2 1 0
Read/\Wiite 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
Bit 15 14 13 12 11 10 9 8
ADCO | ADCB | ADC7 | ADCGé | ADC5 | ADC4 | ADC3 | ADC2 ADCH
ADCA ADCO - - - - - - ADCL
7 3 5 4 3 2 1 0
Read/Wiite 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.
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MAX6675

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

General Description

The MAX6675 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 8L3Bs for temperatures ranging from
0°C to +700°C.

The MAX6675 is available in a small, 8-pin SO package.

Applications

Industrial
Appliances
HVAC
Automotive

SFi is a trademark of Motorola, inc.

Features

+ Direct Digital Conversion of Type -K
Thermocouple Output

4+ Cold-Junction Compensation

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

4 Open Thermocouple Detection

Ordering Information

PART TEMP RANGE PIN-PACKAGE

MAXEE75ISA -20°C to +85°C 880

Pin Configuration

TOP VIEW
anD 1] 8] Ne
I- 2 7] 50
] MAXG675 ]
T+ E 5| C5
vee [4] 5] sox
SO

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

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

FSB33403 EMBEDDED SYSTEM
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Cold-Junction-Compensated K-Thermocouple-
to-Digital Converter (0°C to +1024°C)

ABSOLUTE MAXIMUM RATINGS

SUPPY YOltage (VGG 10 GNDY oovereveveeesrese e 0.3V 10 16V
S0, STK, 08, T-, T+ 10 GND e 0.3V IO Ve + 0.2V

SO CUMent .. e BOMA
ESD Protection (Human Body Model) ... =2000V
Continuous Power Dissipation (Ta = +70°C)

8-Pin SO (derate 5.88mwW/FC above +70°C) L. 471mw
Operating Temperature Range ... -20°C to +85°C

Storage Temperatlre RaNge e -65°C 1o +150°C
JUNCHCN TeMPREratUre e e +150°C
SO Package

Yapor Phase (60s) .
Infrared (15s) ...
Lead Temperature (soldering,

+215°C
+220°C
+300°C

5}

Stresses beyond those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device al these or any other conditions beyond those indicaled in the operational seclions of the specifications is not implied. Exposure o
absolute maximum raling conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(Voo = +3.0V 10 +5.5Y, Ta = -20°C to +85°C, unless otherwise noted. Typical values specified at +25°C.) (Nate 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
TTHERMOCOUPLE = +700°C, Yoo = +3.3Y 5 +5
Ta=+25°C (Note 2) Voo = +5Y G +6
TTHERMOCOUPLE = C°C to Voo = +3.3V B +8
Temperature Error +700°C, TA= +25°C (Note 2) | vog = +5Y 2 +9 LSB
TTHERMOCOUPLE = +700°C Yoo = +3.3Y -17 +17
to +1000°C, Ta= +25°C
(Note 2) Voo = +bY -19 +192
Thermocouple Conversion 10.95 LVILSE
Constant
Cold-Junction Ta =-20°Cto +85°C | Vcc = +3.3V -3.0 +3.0 oc
Compensation Error (Note 2) Voo = +5Y -3.0 +3.0
Resolution 0.25 °C
Thermocouple Input &0 ka
Impedance
Supply Yoltage Yoo 3.0 5.5 W
Supply Current lce 0.7 15 mA
Power-On Reset Threshold V¢e rising 1 2 25 v
Power-On Reset Hysteresis 50 my
Conversion Time (Note 2) 0.17 0.22 s
SERIAL INTERFACE
0.3 x
Input Low Voltage Vi v
p d Voo
) 0.7 x
Input High Voltage VIH )
P g g Voo
Input Leakage Current ILEAK ViN = GND or Voo +5 pA
Input Capacitance CIN 5 pF
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Cold-Junction-Compensated K-Thermocouple-
to-Digital Converter (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 0.1uF
4 ¥
ce 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 MAX6675 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)

FSB33403 EMBEDDED SYSTEM

Where:
YouT 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 MAXB675 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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Cold-Junction-Compensated K-Thermocouple-
to-Digital Converter (0°C to +1024°C)

Applications Information

Serial Interface
The Typical Application Circuit shows the MAX6675
interfaced with a microcontroller. In this example, the
MAX6675 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 resulis 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 MAX6675 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 MAXG675 is susceptible to power-
supply coupled noise. The effecis of power-supply
noise can be minimized by placing a 0.1uF ceramic
bypass capacitor close to the supply pin of the device.

Thermal Considerations
Self-heating degrades the temperature measurement
accuracy of the MAX8675 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:

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

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

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

e When using long thermocouple wires, use a twisled-
pair extension wire.

e Avoid steep temperature gradients.

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

e Use the proper sheathing material in hostile environ-
ments 1o protect the thermocouple wire.

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

e 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 thermocouple and connecting wires away from
electrical noise sources.

Chip Information

TRANSISTOR COUNT: 6720
PROCESS: BICMOS
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