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ABSTRACT 

Temperature is a widely measured quantity in the industry. Accurate and 

repeatable temperature measurement and control are critical to product quality and 

uniformity in many modem semiconductor manufacturing processes. Different 

techniques to measure the temperature are studied. One of such technique to measure 

temperature wdth a thermistor whose resistance reduces with the increase in temperature 

is considered. A circuit is developed to control the temperature in 16 channels and to 

measure the temperature in all 16 channels each time the temperature is controlled in one 

channel. The circuit is controlled from the Micro controller named BS2IC. 

A 6" wafer is processed and a pattern is developed on it in order to glue resistors 

to control the temperature and to glue thermistors to measure the temperature. The 

Temperature confroUer is then coimected to this wafer and the controller is tested for its 

fimctionality. 
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CHAPTER 1 

INTRODUCTION 

Temperature is a widely measured quantity in the industry. Accurate and 

repeatable temperature measurement and confrol are critical to product quality and 

uniformity in many modem semiconductor manufacturing processes. All temperature 

measurements are indirect, i.e., the measurement is the measurement of volumetric 

expansion (liquid-filled thermometer), dimensional change (bimetallic thermometers), 

electromotive force, resistance (resistance temperature detector), radiated energy 

(radiation thermometer), or some other characteristic of a material that varied predictably 

and reproducibly with temperature. A direct measurement is the measurement of the 

temperature of the product itself An indirect measurement is a measurement of some 

other temperature from which the product temperature can be infened. 

1.1 Types of Temperature Measuring Techniques 

There are many techniques both contact and non-contact to measure and confrol 

the temperature in the industry. Contact methods include thermocouples, resistance 

thermometers, filled systems and non-contact methods include radiation pyrometers. 

1.1.1 Resistance Thermometers 

A resistance thermometer, to be a usefiil means to measure temperature, must 

have a predictable and stable relationship between resistance and temperature. In order 

that detectors are as small as practicable, the specific resistance of the wire or film must 
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be relatively high so that the resistance can be easily measured. The change in resistance 

with temperature should also be high. The wire must be mechanically strong, and its 

resistance temperature characteristic should not be significantiy affected by the strains 

induced by winding the temperature-sensitive element. The most common materials 

having these necessary properties are copper, nickel, platinum and 70%* nickel, 30%) iron. 

Standard calibration curves are developed for resistance to temperature conversion. 

Accuracy of a resistance thermometer sensor can be checked either by 

comparison with a standard reference element with known calibration or by measuring 

the resistance at fixed points. Resistance shall be measured using a current that will not 

cause self-heating of more than 1/5 of the accuracy specification. 

The resistance elements are sealed so that they are not exposed to the atmosphere 

in which temperature is being measured. Drift of the element's calibration is therefore 

caused either by contaminants sealed into the capsule during manufacture or by strains 

that develop as the element is temperature cycled because the temperature coefficient of 

expansion of the wire or film is not identical to that of mandrel or substrate on which the 

metal is woimd or deposited. 

The measurement of the resistance of a resistance thermometer detector demands 

that a current be passed through the resistance element. This current produces heat that 

raises the temperature of the element and, therefore, its resistance. The self-heating error 

is the amount of resistance change, converted to °C and may be stated in °C/mw, or mw/ 

°C. 



Ideally, the resistance between the sensitive resistance element or lead wires and 

the protective sheath is infinite. Insulation resistance of at least 100 megaohms at room 

temperature is a typical value, decreasing by a factor of 10 or more at 600 °C. 

1.1.2 Thermistors 

Thermistors are temperature-sensitive resistance elements made from oxides of 

nickel, manganese, copper, titanium, and other metals that are sintered at high 

temperatures. The temperature resistance characteristic of thermistors is exponential. 

Most thermistors have a negative temperature coefficient, but some are available with a 

positive temperature coefficient. A typical thermistor with a resistance of 1200 ohms at 

40 °C wdll have a 120 ohm resistance at 110 °C. This thermistor will decrease in 

resistance by a factor of about 2 for every 20 °C increase in temperature. Thus, the 

thermistor can be used to measure very narrow spans. 

Thermistors are available in a wide variety of styles, such as tiny beads, discs, 

washers, and rods. They may be encased in glass or plastic, or they may be bare, as 

required by the application. The resistance of thermistor may be measured by driving the 

thermistor from a constant current source and measuring the voltage across it or by 

driving it with a constant voltage and measuring the current through it. 

Because the resistance of the thermistor can be chosen to be thousands of ohms 

over the measured temperature range, lead resistance errors can usually be neglected. In 

principle, when measuring the voltage drop across the thermistor, the voltage measuring 

device should have an input resistance about 1000 times the highest thermistor resistance 



in the operating range. Thermistors are specially used for laboratory measiuements and 

their use is limited to relatively low temperatures. 

1.2 Temperature Controller 

Thermistors are used to sense the temperature change in this device. Two terminal 

thermistors have a nonlinear relationship between temperature and resistance. The 

relationship between the resistance and temperature for Negative Temperatiu-e 

Coefficient (NTC) thermistors can be expressed by Steinhart-Hart equation as follows: 

1/T = A+B*(Ln R) + C*(Ln R)^ 

where T is expressed in Kelvin and A, B and C are constants that depend on the 

type of thermistor. 

So temperature can be measured by measuring the resistance of a thermistor. To 

measure and confrol the temperature at 16 different places, a Basic Stamp 2 (BS2) IC, 

which can be programmable from a PC, is used in conjunction with 1 x 16 

demultiplexers. 

Resistance is measured forcing very little current into the thermistor and by 

measuring the voltage across it. But the current from BS2 IC pin is fixed at 20mA. To get 

the variable current the voltage on BS2 IC pin is varied and is applied to an Operational 

fransconductance amplifier, which converts voltage into current. This current is sent to 

the thermistor and the voltage across it is measured. Since BS2 IC is purely digital IC, the 

voltage across thermistor is converted into a digital signal to send to BS2 IC using an 



Analog to digital converter. A unity gain operational amplifier is used to isolate the 

Analog to digital converter from the thermistor. 

To control the temperature, power is sent into the resistor. This is accomplished 

with a transistor connected in common base mode. Voltage is applied to the base of the 

transistor and the resistor is connected between the collector terminal and the power 

supply. By varying the voltage to the base of the transistor, the collector ciurent can be 

varied and hence the power dissipated in the resistor leading to the variation in 

temperature. 

A 1 x 16 demultiplexer is used to confrol temperature by sending power to a 

resistor in each channel. Another 1 x 1 6 demultiplexer is used to measure the resistance 

and hence temperature in all 16 channels. This device can be used to control temperature 

in one of its 16 channels at a time and to measure the corresponding temperature in all 16 

channels. 

A serial graphic LCD is used to interface the device with the user. This LCD 

displays the cunent channel where temperature is confroUed and its temperature, and the 

current channel where the temperature is measured and the channel temperature. 

The BS2 IC is to be programmed to accomplish the desired fiinction. The 

algorithm to achieve the desired function is explained in Figure 1.1. 
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Figure 1.1 Temperature confroUer operation 



1.2.1 Schematic Diagram 

Variable Voltage 
BS2IC 

Select lines 

1x16 
Demux 

To send 
Power to 
resistor 

B Trans 
-istor 

C 

R 

Thermistor 

J_L 
16X1 
Mux 

J 

Unity gain 
Amplifier 

Variable voltage 

Select lines 

Operational 
Trans-
conductance 
Amplifier 

Select Lines 

1x16 
Demux 

To 
Thermist
ors 

Analog to Digital 
Converter 

Figure 1.2 Schematic diagram of the temperature confroUer 



The schematic diagram of the circuit arrangement is shovm in Fig. 1.2 with 

various ICs interconnected together. The desired fiinction can be achieved by 

programming the BS2 IC with all the hardware connected as shown in the schematic 

diagram in Figure 1.2. 



CHAPTER 2 

THERMISTOR 

Thermistors are a kind of resistors whose resistance varies with respect to the 

ambient temperature. There are two types of thermistors: one is Positive Temperature 

Coefficient (PTC) thermistor and the other is Negative Temperature Coefficient (NTC) 

thermistor. The resistance of a PTC thermistor increases as the temperature increases and 

vice versa for NTC. 

This unique characteristic of thermistor is used to measure the temperature by 

measuring its resistance. A curve 1 10 K-ohm at 25°C Negative temperature coefficient 

thermistor is taken for sensing the temperature. The relationship between the resistance 

and temperature is given by the following equation, which is known as Steinhart-Hart 

equation. 

1/T = A+B*(Ln R) + C*(Ln R)^ 

Where T is in Kelvin, R is in Ohms and A, B and C are constants. 

The constants for the above thermistor are found empirically and are given by 

• A = 1.302* 10-̂  

• 6 = 2.137*10"^ 

• 0=1.058*10-' ' 

Using the above constants, temperature for different values of resistance is 

measured and is given in Appendix A. This table is used for converting resistance to 

temperature. The above equation introduces enors of less than 0.01°C over the range of 

-20° C to 50° C. 



CHAPTER 3 

BASIC STAMP II 

Basic stamp is a digital IC, which can be programmed using a simple version of 

the BASIC language called PBASIC. This performs like a programmable interface 

controller with 2k-byte of memory associated with it. This is often called as single board 

computer. 

The pin out diagram of BS2 IC is shown in Figure 3.1 
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Figure 3.1 Pin out diagram of BS2 
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7. P2 

8. P3 

9. P4 

10. P5 

11. P6 

12. P7 

13. P8 

14. P9 

15.P10 

16.P11 

17.P12 

18.P13 

19. P14 

20.P15 

21.+5V 

22. RES' 

23. GND 

24. PWR 

I/O Pin 2 

I/O Pin 3 

I/O Pin 4 

I/O Pin 5 

I/O Pin 6 

I/O Pin 7 

I/O Pin 8 

I/O Pin 9 

I/O Pin 10 

I/O Pin 11 

I/O Pin 12 

I/O Pin 13 

I/O Pin 14 

I/O Pin 15 

+5v power supply 

Active-low reset 

System ground 

Regulator input 

Each I/O pin can source a current of 20mA and can sink 25mA. PO to P7 and P8 

to PI 5 as groups can source a total of 40mA and sink 50mA of current. 
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BS2 IC consists of PIC16C57 micro controller, 24LC16B electiically erasable 

programmable read only memory (EEPROM), S-8045HN reset circuit and S81350HG 5-

voltage regulator. 

The main component of BS2 IC is custom PIC16C57 micro controller (Ul). Ul is 

permanentiy programmed with PBASIC2 instmction set, which is a programming 

language used to program BS2 IC from a PC. When the BS2 is programmed, it stores the 

symbols called tokens in EEPROM (U2) memory. And when the program runs, it 

retrieves tokens from memory, interprets them as PBASIC2 instmctions and canies out 

the instmctions. 

It has 20 input/output (I/O) pins. Sixteen of these are available for general use. 

Two others can be used for serial communication and the remaining two are dedicated to 

use solely with the EEPROM. 

The general-purpose I/O pins, PO through PI5, can interface with all modem 5-

volt logic. The direction-input or output- of a given pin is entirely under the control of the 

program. Unused pins that are not cormected to the circuitry should be set to output. 

When a pin is an output, it is internally connected to ground or +5v. Pins can sink 25niA 

when outputting '0 ' and can source up to 25mA when outputting ' 1 ' . 

The programs entered are stored in 24LC16B electrically erasable, programmable 

read-only memory (EEPROM). This retains data without power and can be programmed 

easily. There is a limit to the number of writes, approximately 10 million that it will 

accept before it wearing out. 
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S-4085HN (U3) is a reset circuit. When the supply voltage is below 4v, this will 

put logic low on Ul 's master-clear reset input. This stops Ul and causes all of its I/O 

lines to electiically disconnect. When the supply voltage is above 4v, U3 allows its output 

to be pulled high which also puts a high on Ul 's master-clear reset input. 

S-81350HG (U4) is a 5v voltage regulator. This is the first line of defense against 

power-supply variations. It accepts a range of slightiy over 5v up to 15v and regulates it 

to a steady 5v. 

3.1 Programming BS2 

BS2 can be programmed using a simple version of BASIC called as PBASIC. 

BS2 has no keyboard or monitor. It relies on PC-based host software to allow writing, 

editing, downloading and debugging PBASIC2 programs. The PC commimicates with the 

BS2 through an RS-232 (COM port) interface consisting of pins SIN, SOUT, and ATN 

(serial in, serial out, and attention, respectively). A DB9 programming connector is used 

to connect BS2 to PC COM port. This connector allows the PC to reset the BS2 for 

programming, download programs, and receive Debug data from the BS2. An additional 

pair of connections, pins 6 and 7 of the DB9 socket, lets the STAMP2 host software 

identify the port to which the BS2 is connected. For automatic serial port selection by the 

BASIC Stamp II software, there must also be a connection from DSR (DB9 pin 6) to 

RTS (DB9 pin 7). 

The following are some relevant PBASIC2 commands used to develop the device. 
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3.1.1 Variables 

Variables should be declared before they can be used in a PBASIC2 program. 

Declare is a jargon for letting the stamp know the name of the variable and how big it is. 

The variables can be set up using the directive VAR. 

Symbol VAR size 

where: 

• Symbol is the name by which a variable is refened. Names much start with a 

letter, can contain a mixture of letters, numbers, and underscore. The name of the 

variable must not be the same as the PBASIC key words or labels used in the 

program. Symbols can be of 32-bit character length and they are case insensitive. 

• Size indicates the number of storage bits that the variable is to contain. It can be a 

bit, a nib, a b)i;e or a word. 

Bit - 1 bit 

Nib - nibble; 4bits 

Byte - 8 bits 

Word-16 bits 

Multipart variables or arrays can also be defined as follows. 

Symbol VAR size (n) 

The element (n), which is called index value, indicates the number of cells that the 

array will have. Index value can also be a variable. Strings can also be used with anays. 

Ex: Temp var byte (10) 

The above instruction will create an array of 10 cells of 8bit each. 
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3.2 Constants and Compile time Expressions 

Constants are numbers, which will not change, while the program is running. 

PBASIC2 allows using several numbering systems. By default it assumes that numbers 

are in decimal system. Binary and hexadecimal (hex) number systems can also be used 

by identifying them with prefixes. And it will automatically convert quoted text into the 

corresponding ASCII code. 

Names can be assigned to constants using CON directive. Once created, named 

constants can be used in place of numbers. Expressions can also be used in place of 

constants as shown below. Stamp host software solves these expressions at compile time. 

C con 4 

D con c*5-2 

Stamp's host software solves the expressions from left to right, and doesn't allow 

using parentheses to change the order of evaluation. Operators that are allowed in 

constant expressions are shown in Table 3.1. 
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Table 3.1 Allowed operators in expressions 

Operators 

+ 

~ 

* 

/ 

« 

» 

8c 

1 
A 

Description 

Add 

Subtract 

Multiply 

Divide 

Shift left 

Shift right 

Logical AND 

Logical OR 

Logical XOR 

3.3 EEPROM Data Storage 

When Clfr-R (run command) is pressed, the program is loaded into the BS2's 

EEPROM starting at the highest address (2047) and working downward, so PBASIC 

allows storing the data in the unused portion of the EEPROM. Data is stored in the 

bottom of the memory working upward unlike programs. If there is an overlap, PBASIC2 

will detect it and display an error. 

Data directives are used to store data in EEPROM. Data used a counter, called a 

pointer, to keep frack of available EEPROM addresses. If the program contains more than 

one Data directive, subsequent Data start with the pointer value left by the previous Data. 
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Tablel data 24,45,85,65 

Table2 data 86,65,78,225,75 

The data pointer address can be specified in the Data directive as follows. 

Temp data (^45,25,5,45 

3.4 Runtime Math and Logic 

BS2 recognizes three types of number systems decimal, binary and hexadecimal. 

By default, it will take all numbers as decimal numbers. To distinguish between different 

number systems, it needs a prefix before the number, "%" for binary and "$" for 

hexadecimal numbers. 

Some math operations that define constants are solved at the compile time by the 

stamp host software before the program is downloaded into the BS2. After the download 

is complete and the BS2 starts running the program, referred as runtime, BS2 processes 

math and logic operations involving variables, or any combination of variables and 

constants. 

The BS2 solves math problems in the order they are written, from left to right. 

The result of each operation is fed into the next operation. Enclosing a math operation in 

parenthesis gives it priority over other operations. BS2 performs integer math with whole 

numbers only. It will neglect the fraction. It will not take real numbers. For instance, the 

result of 5/2 is 2 but not 2.5 
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3.5 Unary Operators 

Unary operators operate on single argument. Six unary operators are Abs, Sqr, 

DCD, NCD, SIN and COS and are explained in the following sections. 

1. Abs: Converts a signed (two's complement) 16-bit number to its absolute value. The 

absolute value of a number is a positive number representing the difference between that 

number and "0". 

2. Sqr: Computes the integer square root of an unsigned 16-bit number. It will neglect the 

fraction of the square root, as it will do only integer math. 

3. DCD: Dcd accepts a value from 0 to 15 and returns a 16-bit number with that bit 

number set to 1. It is 2"-Power decoder of a four-bit variable. 

4. NCD: NCD takes a 16-bit value, find the highest bit containing a 1 and retums the bit 

position plus one (1 through 16). This is the priority encoder of a 16-bit value. 

5. SIN: Retums the two's complement, 8-bit sine of an angle specified as an 8 bit (0 to 

255) angle. The BS2 SIN operator breaks the circle into 0 to 255 vmits instead of 0 to 359 

degrees. This unit is called as binary radian or brad. Each brad is equivalent to 1.406 

degrees. And instead of a unit circle, which results in fractional sine values between 0 

and 1, BS2 SIN is based on a 127-unit circle. Results are given in two's complement in 

order to accommodate negative values. 

6. COS: Retums the two's complement, 8-bit cosine of an angle specified as an 8-bit (0 to 

255) angle. This operator also breaks the circle into 0 to 255 units instead of 0 to 359 

degrees. This operator is similar to SIN operator but it will return the cosine of the angle. 
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3.6 Binary (two arguments) Operators 

Binary operators operate on two arguments. Sixteen binary operators allowed by 

BS2 host software are listed in Table 3.2. 

Table 3.2 Binary operators 

Operator 

-1-

~ 

/ 

// 

* 

** 

*l 

MIN 

MAX 

DIG 

« 

» 

REV 

& 

1 
A 

Description 

Addition 

Subtraction 

Division 

Remainder of division 

Multiplication 

High 16-bits of multiplication 

Multiply by 8-bit whole and 8-bit part 

Limits a value to specified low 

Limits a value to specified high 

Retums specified digit of number 

Shift bits left by specified amount 

Shift bits right by specified amount 

Reverse specified number of bits 

Bitwise AND of two values 

Bitwise OR of two values 

Bitwise XOR of two values 
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3.7 Confrol Statements 

3.7.1 Branch 

This statement will take the confrol to the address specified by offset (if in range). 

Syntax: Branch offset, [addressO, addressl, address N] 

• Offset is a variable/constant that specifies which of the listed address to go (0-N) 

• Addresses are labels that specify where to go 

Branch a, [caseO, easel, case2] 

If a=0, the confrol will go to label caseO. Similarly for "a" equal to 1 and 2, the 

confrol goes to labels easel and case2 respectively. 

3.7.2 Count 

This statement counts the number of cycles (0-1-0 or 1-0-1) on the specified pin 

during period number of milliseconds and stores that number in variable. 

Syntax: Count pin, period, variable 

• Pin is a variable/constant (0-15) that specifies the I/O pin to use. This pin will be 

placed in input mode. 

• Period is a variable/constant (1 to 65535) specifying the time in milliseconds 

during which to count 

• Variable is a variable (usually a word) in which the count will be stored) 

The count instruction makes a pin an input, then for a specified number of 

milliseconds counts cycles on that pin and stores the total in a variable. A cycle is a 
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change in state from 1 to 0 to 1 or from 0 to 1 to 0. Count can respond to fransitions as 

fast as 4 milliseconds. 

3.7.3 Debug 

This instruction displays variables and messages on the PC screen within the 

STAMP2 host program. 

Syntax: Debut outputData {, outputData....} 

• OutputData consists of one or more of the following: text strings, variables, 

constants, expressions, formatting modifiers, and confrol characters. 

Debug provides a convenient way for the programs to send messages to the PC 

screen during programming. As the name suggests, this statement is useful to debug the 

programs as it shows the value of a variable or expression. Various Debug modifiers are 

shown in Table 3.3. 

Symbol 

CLS 

Home 

Bell 

BKSP 

Tab 

Cr 

Table 3.3 Debug modifiers 

Value 

0 

1 

7 

8 

9 

13 

Effect 

Clear Debug Screen 

Home cursor to top left comer of screen 

Beep the PC speaker 

Back up one space 

Tab to the next multiple-of-8 text column 

Carriage return to the beginning of the next line 
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• 

• Debug " Hi there" 'Text message 

• Debug dec a ' Show decimal value of a 

• Debug dec ? a ' show decimal value of a with label "a= 

Debug dec ? 2*(a-l) 'show decimal resuh with "2*(a-l) =" 

Debug a 'show a as ascii 

Debug "The ASCII code for A is:", dec a 'show phrase 

3.7.3 END 

End the program, placing the BS2 in low-power mode. In this mode the BS2's 

current draw is approximately 50uA. 

3.7.4For ....Next 

This stracture creates a repeating loop that executes the program lines between 

For and Next, incrementing or decrementing variable according to StepVal until the value 

of the variable passes the end value. 

Syntax: For variable = start to end {Step StepVal} ... Next 

• Variable is a bit, nib, byte or word variables used as a counter 

• Start is a variable or constant that specifies the initial value to the variable. 

• End is a variable or constant that specifies the end value of the variable. When the 

value of the variable passes end, the For ... Next loop stops executing and the 

control goes on to the statement after Next 

22 



• StepVal is an optional variable or constant by which the variable increases or 

decreases with each trip through the For .... Next loop. If start is larger than end, 

PBASIC2 understands stepval to be negative, even though no minus sign is used. 

By defauh, the step value is 1. 

3.7.5 Gosub 

It will Store the address of the next instmction after Gosub, then it will take the 

confrol to the point in the program specified by address label, and then retum to the 

instmction next to Gosub when encountered with "retum" statement. 

Syntax: Gosub addresslabel 

• Addresslabel is a label that specifies where to go in the program 

Up to 255 Gosubs are allowed per program, but they may be nested only four 

deep. When Gosubs are nested, each Retum takes the program back to the instmction 

after the most recent Gosub. This statement is used when a series of instructions is used 

at more than one point in the program to conserve program memory or for the sake of 

simplicity of writing the programs. 

3.7.6 GOTO 

It will send the control to the point in the program specified by the address label. 

Syntax: GOTO addresslabel 

• AddressLabel is a label that specifies where to go in the program. 
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Programs execute from top of the page to the bottom, and from left to right on 

individual lines. Goto statement is used to change that order. This statement needs a 

labeled point to indicate where the control should go in the program. A label is a word 

starting with a letter, containing letters, numbers, or underscore characters, and ending 

with a colon. Labels may be up to 32 characters long. 

3.7.7 High 

This statement makes the specified pin output high making the pin to actively output a 1 

(a +5v level) 

Syntax: High pin 

• Pin is a variable/constant (0-15) that specifies the I/O pin to use. 

3.7.8 If. .Then 

Syntax: If condition THEN AddressLabel 

• Condition is a statement that can be evaluated as tme or false. 

• AddressLabel is a label that specifies where the control should go in the program 

in the event that the condition is tme. 

If ..Then statement is a decision maker. It tests for the condition. If the condition 

is true, then the control will go to a point in the program indicated be the "AddressLabel". 

On the other hand, if the condition is not tme, the confrol goes to tiie next statement. 
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The test can be written as a mixture of comparison and logic operators. The 

comparison operators are: 

= equal 

o not equal 

> greater than 

< less than 

>= greater than or equal to 

<= less than or equal to 

The values to be compared can be of any combination of variables, constants, or 

expressions. 

3.7.9 Logic Operators 

If...Then supports the logical operators NOT, AND, OR, and XOR. NOT inverts 

the outcome of a condition, changing false to tme, and vice versa. The operators AND, 

OR, and XOR join the results of two conditions to produce a single tme/false result. The 

truth tables of the logic operators are shown in the following tables 3.4-3.7 

Table 3.4 Logical "NOT" Tmth table 

Condition A 

False 

Tme 

NOT A 

Tme 

false 
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Table 3.5 Logical "AND" truth table 

Condition A 

False 

False 

Tme 

Tme 

Condition B 

False 

Tme 

False 

Tme 

AANDB 

False 

False 

False 

tme 

Table 3.6 Logical "OR" tiruth table 

Condition A 

False 

False 

Tme 

Tme 

Condition B 

False 

Tme 

False 

Tme 

A ORB 

False 

Tme 

Tme 

tme 

Table 3.7 Logical "XOR" tt^th table 

Condition A 

False 

False 

Tme 

Tme 

Condition B 

False 

Tme 

False 

True 

AXORB 

False 

Tme 

True 

False 
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3.7.10 Input 

This instruction makes a pin an input pin. This statement can be used to read the state on 

that pin that is connected to some external circuitry. 

Syntax: Input pin 

• Pin is a variable/constant (0-15) that specifies tiie I/O pin to use. 

3.7.11 LookDown 

LookDown works like an index. It will searches for the value in a list, and stores 

the item number of the first match in a ResultVariable. This instmction also works with 

the variables and comparison operators. 

Syntax: LookDown value,{comparisonOp}[value0, value 1, valueN], ResultVariable 

• Value is a variable or constant to be compared to the values in the list 

• ComparisonOp is an optional and maybe one of the following. 

= equal 

o not equal 

> greater than 

< less than 

>= greater than or equal to 

<= less than or equal to 

If no comparison is specified, it will take it as equal. 

• ValueO, value 1... make up a list of values (constants or variables) up to 16 

bits in size. 
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• ResultVariable is a variable in which the index number will be stored if a true 

comparison is found. 

3.7.12 Lookup 

LookUp retrieves an item from a list based on the item's position (Index) in the 

list. 

Syntax: LookUp index, [valueO, value 1,.... ValueN], ResultVariable 

• Index is the item number (constant or variable) of the value to be retrieved 

from the list of values. 

• ValueO, Value 1, .. .ValueN make up a list of values (constants or variables) up 

to 16 bits in size. 

• ResultVariable is a variable in which the refrieved value will be stored. 

3.7.13 Low 

This instruction makes the specified pin output low. 

Syntax: Low pin 

• Pin is a variable/constant (0-15) that specifies the I/O pin to use. 

3.7.14 Output 

This statement makes the specified pin an output. When the pin is in output, the 

corresponding bit in the OUTS variable determines its state. 
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Syntax: Output pin 

• Pin is a variable/constant (0-15) that specifies the I/O pin to use. 

3.7.15 Pause 

Pause delays the execution of the next instiiiction for the specified number of 

milliseconds. 

Syntax: Pause milliseconds 

• Milliseconds is a variable/constant specifying the length of the pause in ms. 

Pauses may be up to 65535 ms long. 

3.7.16 Pulsin 

Syntax: Pulsin pin, state, ResultVariable 

• Pin is a variable/constant (0-15) that specifies the I/O pin to use. This pin will 

be placed into input mode during pulse measurement and left in that state after 

the instruction finishes. 

• State is a variable or constant (0 or 1) that specifies whether the pulse to be 

measured begins with a 0-to-l transition (1) or a 1-to-O fransition (0). 

• ResultVariable is a variable in which the pulse duration (in 2us units) will be 

stored. 

This instruction measures the width of a pulse in 2us units. When the state on the 

pin changes to the state specified in Pulsin, BS2 starts counting the time. When the state 

on the pin changes again, it stops counting. If the state of the pin does not change, even if 
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it is in the state specified in the Pulsin instiiiction, BS2 will not count tiie time. This 

instiiiction will wait for 0.131 seconds for a tiigger, then retums with "0" in result 

Variable. If tiie pulse is longer tiian 0.131 seconds, this instruction will retirni a "0" value. 

If the variable is a word, Pulsin can retum a value in tiie range of 1 to 65535 units of 2us. 

3.7.17 PulsOut 

Syntax: PulsOut pin, time 

• Pin is a variable/constant (0-15) that specifies the I/O pin to use. This pin will be 

placed into output mode immediately before the pulse and left in that state after 

the instruction finishes. 

• Time is a variable/constant (0-65535) that specifies the dvuation of the pulse in 

2us units. 

This instmction outputs a pulse of 2us to 131 ms in duration. It makes the 

specified pin into output mode; inverts the state of the pin; waits for the specified number 

of 2us units; then inverts the state of the pin again, returning the bit to its original state. 

3.7.18 PWM 

Syntax: PWM pin, duty, cycles 

• Pin is a variable/constant (0-15) that specifies the I/O pin to use. This pin will be 

placed into output mode during pulse generation then switched to input mode 

when the instruction finishes. 

• Duty is a variable/constant (0-255) that specifies the analog output level (0 to 5v) 
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• Cycles is a variable/constant (0 to 65535) specifying an approximate number of 

milliseconds of PWM output. 

This instmction converts a digital value to analog output via pulse-width 

modulation. It will alternate the state of the pin high and low rapidly. The value of the 

resuhing voltage depends on the time that the output stays at high and tiie time it stays at 

low. The proportion of Is and Os in PWM is called the duty cycle. The duty cycle 

controls the analog voltage: the higher the duty cycle, the higher the voltage. The duty 

cycle can range from 0 to 255. 

3.7.19 RCtime 

Syntax: RCTIME pin, state, ResultVariable 

• Pin is a variable/constant (0-15) that specifies the I/O pin to use. This pin will be 

placed into input mode and left in that state when the instmction finishes 

• State is a variable/constant (1 or 0) that will end the RC time period 

• ResultVariable is a variable in which the time measurement (Oto 65535 in 2us 

imits) will be stored. 

This instmction coimts the time while the pin remains in state, usually to measure 

the charge or discharge time of resistors/capacitor (RC) circuit. This allows to measure 

resistance or capacitance with the other value known. When RCtime executes, it starts a 

counter that increments every 2us. It stops this counter as soon as the specified pin is no 

longer in state. If pin remains in state longer that 65535 timing cycles of 2us each, 

RCtime results "0". An RC circuit connected to +5v and ground for charging and 
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discharging should be cormected to the corresponding I/O pin to be used in order to use 

this instruction. 

3.7.20 Read 

Syntax: Read location, variable 

• Location is a variable/constant (0-2047) that specifies the EEPROM address to 

read from 

• Variable holds the byte value read from tiie EEPROM (0-255) 

This instmction reads a byte of data in the EEPROM location and stores the value 

in the variable. 

3.7.21 Retiim 

Syntax: Retum 

This instmction retums the control to the main program from the subroutine. 

When the Gosub instmction is used, it will store the address of the next instruction and 

when the program encounters a Retum instmction, it will fransfer the confrol to that 

address. 

3.7.22 Reverse 

Syntax: Reverse pin 

• Pin is a variable/constant (0-15) tiiat specifies the I/O pin to use. This pin will be 

placed into the opposite of its current input / output mode. 
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This instruction reverses the I/O direction of the pin. If the pin is in input mode 

and the reverse instruction is used, then it becomes an output and vice versa. 

3.7.23 Serin 

Syntax: Serin rpin {\^in}, baudmode, {plabel,} {timeout, tiabel,}[inputData] 

• Rpin is a variable/constant (0-16) that specifies the I/O pin through which the 

serial data will be received. This pin will switch to input mode and remain in that 

state after the instmction is completed. If Rpin is set to 16, the stamp uses the 

dedicated serial-input pin (SIN), which is normally used by the STAMP2 host 

program. 

• Fpin is an optional variable/constant (0-15) that specifies the I/O pin to be used 

for flow control (byte-by-byte hand shacking). This pin will switch to output 

mode and remain in that state after the end of the instmction. 

• Baudmode is a 16-bit variable/constant that specifies serial timing and 

configiu-ation. The lower 13 bits are interpreted as the bit period minus 20us. Bit 

13 ($2000 hex) is a flag that controls the nvimber of data bit and parity (0= 8 bits 

and no parity, 1= 7 bits and even parity). Bit 14 ($4000 hex) confrols polarity 

(0=noninverted, l=inverted). Bit 15 ($8000 hex) is not used by Serin. 

• Plabel is an optional label indicating where the program should go in the event of 

a parity error. This argument may only be provided if baudmode indicates 7 bits, 

and even parity. 
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• Timeout is an optional variable/constant (0-65535) that tells Serin how long in 

milliseconds to wait for incoming data. If data does not arrive in time, the 

program will jump to the address specified by tlabel. 

• Tlabel is an optional label, which must be provided along with timeout, indicating 

where the program should go in the event that data does not arrive within the 

period specified by timeout. 

• InputData is a list of variables and modifiers that tells Serin what to do with 

incoming data. Serin can store in a variable or array; interpret numeric text 

(decimal, binary, or hex) and store the corresponding value in a variable; wait for 

a fixed or variable sequence of bytes; or ignore a specified number of bytes. 

These actions can be combined in any order in the inputData list. 

This instruction enables BS2 to send and receive asynchronous serial data at speeds up to 

50,000 bits per second. This instruction uses RS-232 COM port for serial data fransfer. 

3.7.24 Serout 

Syntax: Serout tpin, baudmode, {timeout, tlabel,}[outputData] 

SEROUT tpin\fpin, baudmode, {timeout, tiabel,} [outputData] 

• Tpin is a variable/constant (0-16) that specifies the I/O pin through which the 

serial data will be sent. This pin will switch to output mode and will remain in 

that state after the instruction is completed. If Tpin is set to 16, the stamp uses the 

dedicated serial output pin (SOUT), normally used by the STAMP2 host program. 

34 



Baudmode is a 16-bit variable/constant that specifies serial timing and 

configuration. The lower 13 bits are interpreted as the bit period minus 20us. Bit 

13 ($2000 hex) is a flag that controls the number of data bits and parity (0= 8 bits 

and no parity, 1= 7 bits and even parity). Bit 14 ($4000 hex) controls polarity 

(0=noninverted, l=inverted). Bit 15 ($8000 hex) determines whetiier the pin is 

driven to botii states (0/1) or to one state and open in the other (0=both driven, 

l=open) 

Pace is an optional variable/constant (0-65535) that tells Serout how long in 

milliseconds it should pause between transmitting bytes. 

OutputData is a list of variables, constants and modifiers that tells Serout how to 

format outgoing data. Serout can fransmit individual or repeating bytes; convert 

values into decimal, hex or binary text representations; or fransmit strings of bytes 

from variable anays. 

Fpin is an optional variable/constant (0-15) that specifies the I/O pin to be used 

for flow control (byte-by-byte handshacking). This pin will switch to input mode 

and remain in that state after the instmction is completed. 

Timeout is an optional variable/constant (0-65535) used in conjunction with Fpin 

flow confrol. Timeout tells Serout how long in milliseconds to wait for Fpin 

permission to send. If permission does not anive in time, the program will 

continue at tlabel. 
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• Tlabel is an optional label used with Fpin flow control and timeout. Tlabel 

indicated where the program should go in the event that peraiission to fransmit 

data is not granted within the period specified by timeout. 

This instiiiction is used to fransmit asynchronous data using RS-232 COM port. 

3.7.25 Shiftin 

Syntax: Shiftindpin, cpin, mode, [resuh{\bits}{,result{\bits}...}] 

• Dpin is a variable/constant (0-15) that specifies the I/O pin that will be connected 

to the synchronous-serial device's data output. This pin's I/O direction will be 

changed to input and will remain in that state after the instmction is completed. 

• Cpin is a variable/constant (0-15) that specifies tiie I/O pin that will be connected 

to the synchronous-serial device's clock input. This pin's I/O direction will be 

changed to output. 

• Mode is a value (0-3) or predefined symbols that tell Shiftin the order in which 

data bits are to be ananged and the relationship of clock pulses to valid data. The 

symbols and their values are shown in Table 3.8. 

Table 3.8 Mode of Shiftin instmction 

Symbol 

MSBPRE 

LSBPRE 

MSBPOST 

LSBPOST 

Value 

0 

1 

2 

3 

Meaning 

Data msb-first;sample bits before clcok pulse 

Data Isb-first; sample bits before clock pulse 

Data msb-first; sample bits after clock pulse 

Data lsb-first;sample bits after clock pulse 
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• Result is a bit, nibble, byte, or word variable in which incoming data bits will be 

stored. 

• Bits is an optional entry specifying how many bits (1-16) are to be input by 

Shiftin. If no bits entiy is given, Shiftin defaults to 8 bits. 

This instruction is used to acquire data from synchronous serial devices. 

3.7.26 Shiftout 

Syntax: Shiftout dpin, cpin, mode,[data{\bits}{,data{\bits}...}] 

Dpin is a variable/constant (0-15) that specifies the I/O pin that will be connected to the 

synchronous-serial device's data input. This pin's I/O direction will be changed to output 

and will remain in that state after the instmction is completed. 

• Cpin is a variable/constant (0-15) that specifies the I/O pin that will be connected 

to the synchronous-serial device's clock input. This pin's I/O direction will be 

changed to output. 

• Mode is a value (0 or 1) or 4 predefined symbols that tell Shiftin the order in 

which data bits are to be ananged. The symbols and their values are shown in 

Table 3.9. 

Table 3.9 Mode of Shiftout instmction 

Symbol 

LSBFIRST 

MSBFIRST 

Value 

0 

1 

Meaning 

Data shifted out Isb-first. 

Data shifted out msb-first 
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• Data is a variable or constant containing the data to be sent. 

• Bits is an optional entry specifying how many bits (1-16) are to be output. If no 

bits entry is given, Shiftout defaults to 8 bits. 

This instmction is used to send data to synchronous serial devices 

3.7.28 Stop 

Syntax: Stop 

Stops the program execution. It does not put BS2 into low-power mode. 

3.7.29 Write 

Syntax: Write address, byte 

• Address is a variable/constant specifying the EEPROM address (0-2047) to write 

to. 

• Byte is a data byte to be written into EEPROM. 

Data can be stored in EEPROM using tiiis instruction. 

38 



CHAPTER4 

1X16 DEMULTIPLEXER 

Current from the Operational fransconductance amplifier is to be fed into one of 

the 16 thermistors at a time to measure the resistance of the thermistors. A 1 X 16 

demultiplexer is used to select one channel each time and send the cunent into the 

thermistor in that channel. 

CD74HC4067 16 channel analog multiplexer/demultiplexer is used to achieve 

this. This device is a digitally confroUed analog switch. The pin out diagram of the device 

is shown in Figure 4.1. 

COMMON r r i 

INPUTyOUTPUT I I 

l«[3 

|$I3 
uE 
bE 
i iE 
•oE 

So Co 

QND|i| 

Elvcc 

13 82 

Figure 4.1 Pin out diagram of CD74HC4067 

Common is the common input for all the channels and is connected to the Pin 8 of 

the Operational transconductance amplifier. 10 through 115 are output chaimels each of 

them is connected to the thermistors. Vcc and GND are supply and ground terminals. Pin 

15 is an enable pin. When it is low, the device is activated. SO, SI, S2, and S3 are select 

lines. Depending on the state of tiie select lines, one of the 16 channels is selected and the 

39 



signal on the common pin is fed into tiiat channel. Truth table for tiie device is shown in 

Table 4.1. 

Table 4.1 Tmth table of CD74HC4067 

SO 

X 

0 

0 

0 

0 

0 

0 

0 

0 

SI 

X 

0 

0 

0 

0 

1 

1 

1 

1 

0 

0 

0 

0 

1 

1 

1 

1 

S2 

X 

0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

1 

1 

S3 

X 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

E' 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Selected 

channel 

None 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

110 

111 

112 

113 

114 

115 
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4.1 Interfacing with BS2 

The states on SO, SI, S2 and S3 can be changed by programming from the BS2 to 

select a particular channel. Each of SO, SI, S2 and S3 are made low or high at an instance 

thus getting 16 different combinations. These 16 different combinations of SO, SI, S2 and 

S3 select 16 different channels. 

BS2 selects each chaimel of Demultiplexer in ascending order from 10 through 

115 at a time. For confroUing temperature, the voltage on the "common" pin is varied so 

that the base voltage to the transistor in that particular channel is varied and hence the 

cunent through the resistor is confroUed. The power dissipation in the resistor controls 

the temperature. Once a channel is selected, another Demultiplexer is used to send 

cunent into the thermistor and to measure the voltage across it. Resistance of the 

thermistor is measured to measure the temperature. The circuit anangement to apply 

power to resistors is shown in Fig. 4.2. Fig 4.3 shows the circuit anangement to measure 

the temperature. 
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Figure 4.3 Circuit that Measures Temperature 
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Using the above arrangement, power is applied to the resistor in a channel and the 

resistance of the thermistor and hence the temperature in each channel of the 

Demultiplexer is measured. This procedure is repeated by applying power to all the other 

channels. 

A unity gain amplifier is used to isolate the circuit from the Analog-to-Digital 

converter, which is used to measure the voltage across the thermistor. The digital voltage 

signal is fed to the BS2. 
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CHAPTER 5 

OPERATIONAL TRANSCONDUCTANCE AMPLIFIER (OTA) 

To measure the resistance of the thermistor, a very small cunent is send through it 

and the voltage across it is measured. But the cunent from a BS2 I/O pin is fixed. To get 

the variable cunent, an operational transconductance amplifier is used. Operational 

fransconductance amplifier is a voltage controlled cunent source. The output current is 

proportional to the differential input voltage. The output cunent is zero for zero 

differential input voltage. AC inputs centered about zero produce an output current, 

which is centered about zero. The pin configuration of OPA660 Operational 

Transconductance amplifier is shown in Figure 5.1. 

loMjust [ T 

B 3 

V---5V 4 

• x r 

f ^ v*-+sv 

6 Out 

S In 

Figure 5.1 Pin out diagram of OPA 660 

Pins E, B, and C are similar to Emitter, Base, and Collector of an ordinary 

fransistor. The current flows out of C terminal for positive B-to-E voltage and vice versa. 

This OTA needs two supplies, +5v and -5v on pins 7 and 4, respectively. Pin 1 is used to 

adjust the quiescent cunent. The transconductance of the OTA can be varied by 

connecting a resistor between pins 1 and 4. Pins 5 and 6 are used as buffer. 
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5.1 Variable voltage from BS2 

Variable voltage is to be applied to the Emitter of OTA in order to get the 

required cunent output. This voltage can be get from BS2 using Pulse width modulation 

technique with PWM instmction. 

PWM pin, duty, cycles 

• Pin is a variable/constant (0-15) that specifies the I/O pin to use. This pin will be 

placed in output mode during pulse generation then switched to input mode when 

the instruction finishes. 

• Duty is a variable/constant (0-255) that specifies the analog output level (0 to 5v) 

• Cycles is a variable/constant (0 to 65535) specifying an approximate number of 

milliseconds of PWM output. 

This instruction will make the conesponding pin high and low alternatively. Duty 

cycle determines the amount of time that it will be made high. The average voltage 

depends on the duty cycle. It ranges from 0 to 255. Since the logic high voltage is 

+5v, one unit of duty cycle conesponds to 

(5/255) = 19.6 millivolts. 

But the voltage from this pin will be in pulses. An RC circuit is used to smooth 

the voltage as shown in Figure 5.2. 
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Figure 5.2 Trans-conductance amplifier circuit 

5.2 Negative 5 Volts Supply 

This OTA needs negative 5v supply on pin 4. Since BS2 can supply only positive 

5v, an inverter circuit is used to get the negative supply. TPS 5675 is used to get the 

negative 5v from the Vdd pin of BS2. Circuit diagram for the inverter is shown in the 

following figure. 

TPS 6735 is a fixed negative 5v inverting DC - DC converter. It uses a inductor, 

an input filter capacitor, an output filter capacitor, a reference filter capacitor and a 

schottky diode. Current is made to flow through the inductor from the OUT pin. And 

when there is no cunent from the output, since the cunent through the inductor should be 

constant and maintains the same direction, cunent maintains to flow through the output 

capacitor and hence it will charge to negative 5v. The schottky diode ensures the proper 

direction of current so that the output capacitor will not charge to positive voltage. 
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Figure 5.3 Inverting DC - DC Converter 

Varying the voltage on the particular I/O pin of BS2 varies the cunent from the 

OTA. This cunent is fed to the common of the 1 X 16 demultiplexer and further fed 

into the thermistor in the selected channel. 
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CHAPTER 6 

ANALOG TO DIGITAL CONVERTER 

BS2 is a purely Digital device. Since it caimot interpret analog voltages, an analog 

to digital converter is used to measure tiie analog voltages witii BS2. LTC 1298 12bit 

microprocessor compatible analog to digital converter is used to achieve this. It is 

internally referenced to the 5-volt power supply. Since the digital signal is of 12-bit 

length, the resolution of this device is 1.22mv. 

The LTC 1298 can be configured as a two-charmel ADC or a single channel 

differential ADC. Here it is used in single-channel differential mode. In this mode, the 

voltage difference between the two inputs is measured and returned as a value between 0 

and 4095. The connection diagram of the circuit is shown in Figure 6.1. 
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Figure 6.1 Interfacing analog to digital converter with BS2 

48 



6.1 Pin Description 

1. CS'—chip select. Chip is activated when this signal is low. 

2. CHO—channel zero, used in two charmel mode 

3. CHI—channel 1 

4. GND, ground. 

5. Din, Data in. 

6. Dout, Data out 

7. CLK, Clock 

8. Vcc, Supply voltage, +5v. 

The CLK synchronizes the data fransfer with each bit being transmitted on the 

falling CLK edge and captured on the rising CLK edge in both fransmitting and receiving 

systems. It first receives input data and then fransmits back the A/D conversion result 

(half duplex). Since the operation is half duplex, the Din and Dout pins are tied together 

allowing fransmission over 3 wires: CS', CLK and DATA (Din/Dout). 

Data fransfer is initiated by a falling chip select (CS') signal. After CS' falls, it 

looks for a start bit and when it is received, the 3-bit input word is shifted into the Din 

input, which configures the LTC 1298 and starts the conversion. After one null bit, the 

result of the conversion is output on the Dout line. At the end of the data exchange, CS' 

should be brought high. The configuration data word is defined as follows (Table 6.1). 

Table 6.1 The ADC configuration data word 

Start 
SGL/ 
Diff 

ODD/ 
SIGN MSBF 

- > • < -

MUX address MSB first/LSB first 
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6.2 Start Bit 

The first "logical one" clocked into the Din input after CS' goes low is the start 

bit. The start bit initiates tiie data fransfer. The LTC 1298 will ignore all leading zeros, 

which precede tiiis logical one. After the start bit is received, the remaining bits of the 

input word will be clocked in. Furtiier inputs on the Din pin are then ignored until the 

next CS' cycle. 

6.3 Multiplexer TMUX^ Addres,s 

The bits of the input word following the START bit assign the MUX 

configuration for the requested conversion. For a given chaimel selection, the converter 

will measure the voltage between the two channels indicated by the "+" and "-" signs in 

the selected row of the following Table 6.2. In single-ended mode, all input channels are 

measured with respect to GND. 

Table 6.2 ADC modes 

Single-ended 
MUX mode 

Differential 
MUX mode 

Sgl/Diff 

1 

1 

0 

0 

Odd/Sign 

0 

1 

0 

1 

Channel # 

0 

+ 

-1-

-

1 

-1-

-

-1-

GND 

-

-
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6.4 MSB First/LSB First 

The output data of tiie LTC 1298 is programmed for MSB first or LSB first 

sequence using the MSBF bit. When the MSBF bit is a logical one, data will appear on 

the Dout line in MSB first format. Logical zeros will be filled in indefinitely following 

the last data bit. When the MSBF bit is a logical zero, LSB first data will follow the 

normal MSB first data on the Dout line. 

6.5 Interfacing with BS2 

In order to interface LTC 1298 witii BS2, it is connected to the BS2 I/O pins as 

shown in Figure 6.1. The data flow can be controlled by varying the state on these pins. 

The BS2 pinO is made low to enable the ADC and the data fransfer is done with Clk and 

Data in/out pins. The ADC continuously monitors the voltage across its input and 

converts that into digital input to send it to BS2 when the signal on CS is low. 

In order to isolate the Analog to digital controller form the rest of the circuit, a 

unity gain amplifier is used. A TLE2022 operational amplifier is connected as shown in 

Figure 6.2 to realize the operation. 

Frcim tVluKiolexer 

To ADC 

Figure 6.2 Unity gain amplifier 
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CHAPTER 7 

120X32 PIXEL SERIAL LCD GRAPHICS MODULE 

To provide user interface to tiie Temperature controller, a 120X32 pixel LCD 

graphics module, G12032, is used. This LCD communicates with the BS2 IC serially. 

The G12032 Serial LCD Graphics Module receives data serially at 2400 or 9600 bits per 

second (bps) and displays text and graphics on a 120-by-32-pixel screen. The G12032 

supports four font sizes; small, wide, tall, and large. Common terminal/printer control 

codes (such as linefeeds, carriage retums, tabs, backspace, form feeds) are supported for 

easy formatting. Additional instructions permit backlight control, font selection, and 

cursor positioning. Graphics instructions plot points, draw lines, and display full-screen 

images from nonvolatile memory. The G12032 has 8kB of nonvolatile EEPROM 

memory divided into 17 pages of 480 bytes each. 

To interface G12032 with the stamp, the Jl of LCD is connected to the +5v 

supply as shown in Figure 7.1. Since the LCD communicates serially, one of the I/O pin 

of BS2 is used for serial communication with the LCD. One of BS2's I/O pins is to be 

connected to "Serial in" of LCD. Baud rate of the LCD is used as 9600 BPS and the 

mode is selected to Run/Serialln. BS2 communicates with tiie LCD with "Serin" 

command with baud mode selected to 9600 BPS from one of its I/O pins. 
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rBPS 

up<SET/8UDESH0W 
aown. RUN/SERIAL IN 

MODE 

Figure 7.1 LCD module 
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CHAPTER 8 

CIRCUIT DIAGRAM 

The overall circuit diagram of the device connecting all ICs together with the 

external components and BS2 is shown in Figures 8.1 and 8.2. The circuit is divided into 

two parts: one is the branch tiiat confrols the temperature by sending power into resistors 

and the other is the one that measures the temperature by forcing a small cunent into 

thermistor and by measuring the voltage across it into BS2. 

Figure 8.1 Circuit to confrol the temperature 
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Figure 8.2 Circuit to measure the temperature 
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The circuit is connected on a board and is shown in Figure 8.3. 

Figure 8.3 Temperature ConfroUer 

The BS2 is programmed to select a channel of Demux in Temperature confrol 

circuit and the temperature is controlled in one channel. Then BS2 selects one of the 16 

channels of the first Demux in temperature measurement circuit and forces a small 

cunent in to Thermistor. The voltage across the Thermistor is then fed to the 

conesponding channel of the second Demux in the temperature measurement circuit. 

This voltage is measured by the Analog to Digital converter through the common 
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input/output of the second Demux and unity gain amplifier. The digital voltage from 

ADC is fed into BS2 and is processed to measure the temperature of that particular 

channel. This process is repeated for all the 16 chaimels by programming the BS2 

appropriately. The program that is used to achieve this function is given in Appendix B. 

57 



CHAPTER 9 

TESTING ON A WAFER 

The temperature controller is tested on a 6" wafer. Surface movmt resistors are 

glued on the wafer to control temperature in a particular partem as shown in Figure 9.1. 

• : 

Figure 9.1 Resistors anangement 
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Temperature sensors, i.e., thermistors, are placed besides the above resistors to 

sense the temperature. The metal contacts are brought out to the edges of the wafer to 

make external connections. So before gluing resistors and sensors, the wafer is processed 

and a pattern is generated to glue resistors and sensors and to make metal cormections. 

The desired pattem is shown in Figure 9.2. 

Figure 9.2 Mask for the desired pattem 

In Fig. 9.2, sensors are placed at the circles shown and the resistors are glued 

between the metal contacts. To get the above pattem on tiie wafer, a 6" wafer with lum 

thick alviminum on it is taken. On the metal layer, a positive photo resist film is deposited 

by rotating tiie wafer at 3500 RPM for 30 seconds. The wafer is pre-baked at 100°C for 
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one minute. Using the above mask in Fig. 9.2, the wafer is then exposed to ulfra violet 

light for 20 seconds. When this wafer is developed in the developer solution, the photo 

resist which is exposed to UV light is removed by the developer and the pattem is ready 

to etch. An aluminum etchant is prepared using the following recipe which gives an etch 

rate of approximately 2000 A° per minute. 

16 parts of phosphoric acid 

2 parts DI water 

1 part acetic acid 

1 part nitric acid 

The wafer is immersed in to this solution and is kept for 5 minutes. The 

unnecessary Aluminum is etched away by the etchant and the desired pattem with metal 

cormections is formed on the wafer, which is shown in Figure. 9.3. 

Figure 9.3 Processed wafer. 

Resistors and sensors are soldered to this wafer and further connected to the 

temperature controller as shown in Figure 9.4 
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Figure 9.4 Temperature controller connected to the wafer 

The controller is then operated by rurming the program and the controller starts 

controlling the temperature in a charmel and measured temperatures in all other chaimels. 

The confroUer stops running after doing this in all other channels. To start the 

temperature controller to repeat this cycle again, the reset should be made active low. 

BS2 downloads the program from its memory and starts running it again. Thus real time 

temperature measurement is done using this device in 16 channels while confroUing the 

temperature above the room temperature. This controller caimot cool the temperature 

below room temperature but it can increase the temperature. So this is a locally heated 

and globally cooled micro controller based temperature controller. The resolution of the 
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temperatiu-e controller is 0.1°C and it measures the temperatiire in the range of 20 °C to 

60 C. However, sacrificing the resolution will increase the temperature measurement 

range. Thus a compromise between resolution and temperature range can be used 

depending on the application. 

Power is applied in channel 5 and increased the temperature in that channel. Thus 

the step response is measured and plotted using BS2. This step response is shown in 

Figure 9.5. 

f~ Tim««tomp 
T 
• CUtorMm*ttiga*\ 

'f- S a v a m « « s a g o s 
, to t>l« 

OBlato M t g Fil« | 

_<J J j j P Enobte ShHl T i m « Spare _ « J [ g 

^ 41 
I i ^ gearMin/Mox | ' 

Qearmin/meK ., 
on rsset 

571. 24.3 
569. 24,3 
5$8, 24.3 
574. 24 3 
571.24 3 

Figure 9.5 Step response at channel 5 

The response of this increase in temperature at channels 0 and 1 is measured and 

is plotted using BS2. This response is shovm in Figures 9.6 and 9.7, respectively. 
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'Figure 9.7 Response at channel 1 for increase in temperature at channel 5 

The change in temperature at channels 0 and 1 for a step change in temperature at 

channel 5 is shown in Figure 9.8. From tiie figure, it can be observed tiiat the temperature 
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at channels 0 and 1 is increased above room temperature for a step increase in 

temperature at channel 5. 

Tampcratur* Variation 

30,5 

•̂  * A S«5 rO r^ 4> -̂. # 4 ^ ^S .̂ % ^ qT, , ^ ^# N̂̂  <P '̂i> '̂!̂  t̂> (̂S* «̂,̂  ,^ ,^ 

TImaUniU 

Figure 9.8 Response at channels 0 and 1 for a step change in temperature at chaimel 5 

With little modifications, this device can be used to measure the humidity also as 

change in humidity also leads to change in resistance. So by choosing appropriate 

sensors, physical quantities whose change in magnitude leads to change in resistance can 

be measured with this device by just changing the programming appropriately. 
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APPENDIX A 

RESISTANCE TO TEMPERATURE CONVERSION 
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Table A. 1 Resistance to Temperature conversion. 

Resistance 

100 
150 
200 
250 
300 
350 
400 
450 
500 
550 
600 
650 
700 
750 
800 
850 
900 
950 
1000 

1050 

1100 

1150 

1200 

1250 

1300 

1350 

1400 

1450 

1500 

1550 

1600 

1650 

1700 

1750 

1800 

1/Temp 

0.002296458 

0.002386082 

0.002449987 

0.002499746 

0.002540531 

0.002575108 

0.002605131 

0.00263167 

0.002655456 

0.00267701 

0.002696719 

0.002714877 

0.002731712 

0.002747405 

0.002762104 

0.002775927 

0.002788974 

0.002801328 

0.002813061 

0.002824232 

0.002834892 

0.002845088 

0.002854858 

0.002864237 

0.002873255 

0.002881939 

0.002890313 

0.0028984 

0.002906217 

0.002913784 

0.002921114 

0.002928224 

0.002935126 

0.002941832 

0.002948352 

Temp in Kelvin 

435.4532483 

419.097022 

408.165496 

400.040719 

393.6185357 

388.3332369 

383.8577995 

379.9868262 

376.5832258 

373.5511373 

370.8210134 

368.3408657 

366.0708567 

363.9798154 

362.0429139 

360.2400692 

358.5548171 

356.9734987 

355.4846633 

354.0786207 

352.747101 

351.4829925 

350.280137 

349.1331682 

348.0373827 

346.9886361 

345.9832588 

345.0179865 

344.0899033 

343.1963946 

342.3351068 

341.5039146 

340.7008921 

339.9242892 

339.1725112 

Temp in C 

162.4532483 

146.097022 

135.165496 

127.040719 

120.6185357 

115.3332369 

110.8577995 

106.9868262 

103.5832258 

100.5511373 

97.82101335 

95.34086573 

93.07085668 

90.97981539 

89.04291385 

87.24006924 

85.55481709 

83.97349872 

82.48466334 

81.07862072 

79.747101 

78.48299249 

77.28013699 

76.1331682 

75.0373827 

73.98863615 

72.98325881 

72.01798646 

71.08990332 

70.1963946 

69.33510685 

68.50391459 

67.70089208 

66.92428923 

66.17251115 
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Table A. 1 Cont. 

Resistance 

1850 

1900 

2000 

2050 

2100 

2150 

2200 

2250 

2300 

2350 

2400 

2450 

2500 

2550 

2600 

2650 

2700 

2750 

2800 

2850 

2900 

2950 

3000 

3050 

3100 

3150 

3200 

3250 

3300 

3350 

3400 

3450 

3500 
3550 

3600 

3650 

1/Temp 

0.002954698 

0.002960877 

0.002972773 

0.002978504 

0.0029841 

0.002989567 

0.002994911 

0.003000137 

0.00300525 

0.003010256 

0.003015159 

0.003019963 

0.003024672 

0.00302929 

0.003033819 

0.003038265 

0.003042629 

0.003046914 

0.003051124 

0.003055261 

0.003059328 

0.003063327 

0.00306726 

0.003071129 

0.003074937 

0.003078685 

0.003082375 

0.00308601 

0.00308959 

0.003093117 

0.003096594 

0.00310002 

0.003103399 

0.003106731 

0.003110017 

0.003113258 

Temp in Kelvin 

338.4441004 

337.737722 

336.3862558 

335.738999 

335.1094177 

334.4966214 

333.8997838 

333.3181372 

332.7509668 

332.1976063 

331.6574334 

331.1298662 

330.6143597 

330.1104029 

329.6175159 

329.1352478 

328.6631738 

328.2008939 

327.7480306 

327.3042275 

326.8691477 

326.4424723 

326.0238992 

325.6131422 

325.2099295 

324.8140031 

324.4251178 

324.0430402 

323.6675481 

323.29843 

322.9354841 

322.5785178 

322.2273472 

321.8817968 

321.5416986 

321.206892 

Temp in C 

65.44410045 

64.73772203 

63.38625578 

62.73899896 

62.10941769 

61.49662137 

60.8997838 

60.3181372 

59.75096684 

59.19760634 

58.65743344 

58.12986621 

57.6143597 

57.11040288 

56.61751594 

56.13524776 

55.66317377 

55.20089386 

54.74803059 

54.30422753 

53.8691477 

53.44247227 

53.0238992 

52.61314218 

52.2099295 

51.81400313 

51.4251178 

51.04304017 

50.66754813 

50.29843003 

49.93548408 

49.57851776 

49.22734721 

48.88179682 

48.54169864 

48.20689203 
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Table A. 1 Cont. 

Resistance 

3700 

3750 

3800 

3850 

3900 

3950 

4000 

4050 

4100 

4150 

4200 

4250 

4300 

4350 

4400 

4450 

4500 

4550 

4600 

4650 

4700 

4750 

4800 

4850 

4900 

4950 

5000 

5050 

5100 

5150 

5200 

5250 

5300 

5350 

5400 

5450 

1/Temp 

0.003116457 

0.003119613 

0.003122729 

0.003125805 

0.003128842 

0.003131841 

0.003134803 

0.00313773 

0.003140621 

0.003143478 

0.003146301 

0.003149092 

0.003151851 

0.003154579 

0.003157276 

0.003159944 

0.003162582 

0.003165192 

0.003167774 

0.003170329 

0.003172857 

0.003175358 

0.003177835 

0.003180286 

0.003182712 

0.003185115 

0.003187494 

0.003189849 

0.003192183 

0.003194493 

0.003196782 

0.00319905 

0.003201297 

0.003203523 

0.003205728 

0.003207914 

Temp in Kelvin 

320.8772232 

320.5525448 

320.2327158 

319.9176006 

319.6070695 

319.3009977 

318.9992654 

318.7017575 

318.4083635 

318.1189767 

317.8334948 

317.5518191 

317.2738545 

316.9995096 

316.7286959 

316.4613284 

316.1973249 

315.9366059 

315.6790951 

315.4247182 

315.1734038 

314.9250828 

314.6796883 

314.4371556 

314.197422 

313.960427 

313.7261118 

313.4944195 

313.2652951 

313.038685 
312.8145376 

312.5928025 

312.3734309 

312.1563756 

311.9415906 

311.7290312 

Temp in C 

47.87722319 

47.55254483 

47.23271577 

46.91760062 

46.60706948 

46.30099767 

45.99926539 

45.70175755 

45.40836347 

45.1189767 

44.83349479 

44.55181907 

44.27385452 

43.99950957 

43.72869592 

43.46132841 

43.19732486 

42.93660594 

42.67909506 

42.4247182 

42.17340384 

41.92508284 

41.67968831 

41.43715557 

41.197422 

40.96042696 

40.72611175 

40.49441949 

40.26529507 

40.03868504 

39.81453759 

39.59280247 

39.37343091 

39.15637559 

38.94159056 

38.7290312 
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Table A. 1 Cont. 

Resistance 

5500 

5550 

5600 

5650 

5700 

5750 

5800 

5850 

5900 

5950 

6000 

6050 

6100 

6150 

6200 

6250 

6300 

6350 

6400 

6450 

6500 

6550 

6600 

6650 

6700 

6750 

6800 

6850 

6900 

6950 

7000 

7050 

7100 

7150 

7200 

7250 

1/Temp 

0.003210081 

0.003212228 

0.003214356 

0.003216466 

0.003218558 

0.003220632 

0.003222688 

0.003224727 

0.00322675 

0.003228755 

0.003230744 

0.003232717 

0.003234674 

0.003236616 

0.003238542 

0.003240453 

0.003242349 

0.003244231 

0.003246098 

0.003247951 

0.00324979 

0.003251615 

0.003253427 

0.003255225 

0.00325701 

0.003258782 

0.003260542 

0.003262288 

0.003264023 

0.003265745 

0.003267455 

0.003269153 

0.00327084 

0.003272515 

0.003274178 

0.003275831 

Temp in Kelvin 

311.5186542 

311.3104174 

311.1042799 

310.9002019 

310.6981447 

310.4980707 

310.2999434 

310.103727 

309.9093869 

309.7168895 

309.5262017 

309.3372916 

309.150128 

308.9646805 

308.7809196 

308.5988163 

308.4183425 

308.2394708 

308.0621743 

307.886427 

307.7122034 

307.5394785 

307.3682282 

307.1984287 

307.0300568 

306.8630899 

306.6975061 

306.5332835 

306.3704013 

306.2088387 

306.0485757 

305.8895925 

305.7318698 

305.5753888 

305.4201312 

305.2660788 

Temp in C 

38.51865417 

38.31041736 

38.10427985 

37.90020186 

37.69814469 

37.49807074 

37.29994338 

37.103727 

36.90938695 

36.71688946 

36.52620167 

36.33729158 

36.150128 

35.96468054 

35.7809196 

35.5988163 

35.41834251 

35.23947077 

35.0621743 

34.88642699 

34.71220336 

34.53947851 

34.36822818 

34.19842865 

34.03005677 

33.86308994 

33.69750605 

33.53328354 

33.3704013 

33.20883873 

33.04857569 

32.88959246 

32.73186979 

32.57538883 

32.42013116 

32.26607876 
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Table A. 1 Cont. 

Resistance 

7300 

7350 

7400 

7450 

7500 

7550 

7600 

7650 

7700 

7750 

7800 

7850 

7900 

7950 

8000 

8050 

8100 

8150 

8200 

8250 

8300 

8350 

8400 

8450 

8500 

8550 

8600 

8650 

8700 

8750 

8800 

8850 

8900 

8950 

9000 

1/Temp 

0.003277472 

0.003279102 

0.003280722 

0.003282331 

0.003283929 

0.003285517 

0.003287095 

0.003288662 

0.00329022 

0.003291768 

0.003293306 

0.003294834 

0.003296353 

0.003297863 

0.003299363 

0.003300855 

0.003302337 

0.00330381 

0.003305275 

0.003306731 

0.003308178 

0.003309617 

0.003311048 

0.00331247 
0.003313884 

0.00331529 

0.003316687 

0.003318077 

0.003319459 

0.003320834 

0.003322201 

0.00332356 

0.003324912 

0.003326256 

0.003327593 

9050 0.003328923 

Temp in Kelvin 

305.113214 

304.9615195 

304.8109786 

304.6615745 

304.5132912 

304.3661128 

304.2200237 

304.0750087 

303.931053 

303.7881419 

303.6462612 

303.5053968 

303.365535 

303.2266623 

303.0887655 

302.9518317 

302.8158482 

302.6808025 

302.5466825 

302.4134761 

302.2811717 

302.1497576 

302.0192226 

301.8895555 

301.7607455 

301.6327819 

301.5056542 

301.379352 

301.2538652 

301.1291839 

301.0052984 

300.8821989 

300.7598762 

300.638321 

300.517524 

300.3974765 

Temp in C 

32.11321397 

31.96151954 

31.81097857 

31.66157453 

31.51329121 

31.36611277 

31.22002367 

31.07500872 

30.931053 

30.78814192 

30.64626119 

30.50539678 

30.36553496 

30.22666227 

30.0887655 

29.95183171 

29.81584821 

29.68080255 

29.54668252 

29.41347615 

29.28117169 

29.1497576 

29.01922258 

28.88955553 
28.76074554 

28.63278192 

28.50565417 

28.37935197 

28.25386521 

28.12918393 

28.00529837 

27.88219895 

27.75987623 

27.63832096 

27.51752405 

27.39747654 
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Table A. 1 Cont. 

Resistance 

9100 

9150 

9200 

9250 

9300 

9350 

9400 

9450 

9500 

9550 

9600 

9650 

9700 

9750 

9800 

9850 

9900 

9950 

10000 

10050 

10100 

10150 

10200 

10250 

10300 

10350 

10400 

10450 

10500 

10550 

10600 

10650 

10700 

10750 

10800 

10850 

1/Temp 

0.003330245 

0.003331561 

0.00333287 

0.003334171 

0.003335466 

0.003336754 

0.003338035 

0.00333931 

0.003340578 

0.00334184 

0.003343095 

0.003344344 

0.003345586 

0.003346823 

0.003348053 

0.003349277 

0.003350495 

0.003351707 

0.003352913 

0.003354113 

0.003355308 

0.003356496 

0.003357679 

0.003358856 

0.003360028 

0.003361194 

0.003362355 

0.00336351 

0.00336466 

0.003365805 

0.003366944 

0.003368078 

0.003369207 

0.003370331 

0.003371449 

0.003372563 

Temp in Kelvin 

300.2781697 

300.1595948 

300.0417434 

299.9246072 

299.808178 

299.6924477 

299.5774083 

299.4630522 

299.3493715 

299.2363588 

299.1240066 

299.0123077 

298.9012549 

298.7908411 

298.6810593 

298.5719027 

298.4633647 

298.3554384 

298.2481176 

298.1413956 

298.0352662 

297.9297232 

297.8247604 

297.7203718 

297.6165515 

297.5132937 

297.4105924 

297.3084422 

297.2068373 

297.1057723 

297.0052418 

296.9052404 

296.8057628 

296.7068038 

296.6083584 

296.5104214 

Temp in C 

27.27816967 

27.15959479 

27.04174343 

26.92460723 

26.808178 

26.69244768 

26.57740832 

26.46305215 

26.34937149 

26.23635879 

26.12400664 

26.01230774 

25.90125491 

25.79084108 

25.68105931 

25.57190275 

25.46336467 

25.35543845 

25.24811756 

25.14139558 

25.03526619 
24.92972317 

24.8247604 

24.72037183 

24.61655153 

24.51329365 

24.41059243 

24.30844218 

24.20683731 

24.10577232 

24.00524179 

23.90524035 

23.80576276 

23.7068038 

23.60835837 

23.51042143 
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Table A. 1 Cont. 

Resistance 

10900 

10950 

11000 

11050 

11100 

11150 

11200 

11250 

11300 

11350 

11400 

11450 

11500 

11550 

11600 

11650 

11700 

11750 

11800 

11850 

11900 

11950 

12000 

12050 

12100 

12150 

12200 

12250 

12300 

12350 

12400 

12450 

12500 

12550 

12650 

12700 

1/Temp 

0.003373671 

0.003374775 

0.003375874 

0.003376968 

0.003378057 

0.003379141 

0.00338022 

0.003381295 

0.003382366 

0.003383431 

0.003384492 

0.003385549 

0.003386601 

0.003387648 

0.003388691 

0.00338973 

0.003390765 

0.003391795 
0.003392821 

0.003393842 

0.00339486 

0.003395873 

0.003396882 

0.003397887 

0.003398888 

0.003399885 

0.003400878 

0.003401867 

0.003402852 

0.003403833 

0.003404811 

0.003405784 

0.003406754 

0.00340772 

0.00340964 

0.003410595 

Temp in Kelvin 

296.412988 

296.3160532 

296.2196122 

296.1236602 

296.0281925 

295.9332046 

295.8386917 

295.7446496 

295.6510736 

295.5579595 

295.4653029 

295.3730996 

295.2813453 

295.190036 

295.0991675 

295.0087359 

294.918737 

294.8291671 
294.7400223 

294.6512986 

294.5629924 

294.4751 

294.3876176 

294.3005417 

294.2138686 

294.1275949 

294.041717 

293.9562316 

293.8711352 

293.7864244 

293.702096 

293.6181467 

293.5345732 

293.4513724 

293.2860763 

293.2039747 

Temp in C 

23.412988 

23.31605319 

23.21961216 

23.12366017 

23.02819251 

22.93320455 

22.83869174 

22.74464958 

22.65107363 

22.55795952 

22.46530293 

22.3730996 

22.28134534 

22.19003602 

22.09916753 

22.00873586 

21.91873703 

21.82916712 
21.74002225 

21.65129861 

21.56299243 

21.47509999 

21.38761761 

21.30054169 

21.21386863 

21.12759491 

21.04171704 

20.95623159 

20.87113516 

20.78642439 

20.70209598 

20.61814666 

20.53457319 

20.4513724 

20.28607626 

20.20397475 
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Table A. 1 Cont. 

Resistance 

12750 

12800 

12850 

12900 

12950 

13000 

13050 

13100 

13150 

13200 

13250 

13300 

13350 

13400 

13450 

13500 

13550 

13600 

13650 

13700 

13750 

13800 

13850 

13900 

13950 

14000 

14050 

14100 

14150 

14200 

14250 

14300 

14350 

14400 

14500 

14550 

1/Temp 

0.003411546 

0.003412494 

0.003413437 

0.003414378 

0.003415314 

0.003416248 

0.003417177 

0.003418104 

0.003419026 

0.003419946 

0.003420862 

0.003421774 

0.003422684 

0.00342359 
0.003424492 

0.003425392 

0.003426288 

0.003427181 

0.003428071 

0.003428957 

0.003429841 

0.003430721 

0.003431598 

0.003432473 

0.003433344 

0.003434212 

0.003435077 

0.003435939 

0.003436798 

0.003437654 

0.003438507 

0.003439357 

0.003440205 

0.003441049 

0.00344273 

0.003443566 

Temp in Kelvin 

293.1222335 

293.0408497 

292.9598201 

292.879142 

292.7988125 

292.7188286 

292.6391876 

292.5598867 

292.4809231 

292.4022942 

292.3239971 

292.2460294 

292.1683883 

292.0910712 

292.0140757 

291.9373991 

291.861039 

291.7849928 

291.7092582 

291.6338327 

291.5587139 

291.4838994 

291.409387 

291.3351743 

291.2612591 

291.187639 

291.1143118 

291.0412753 

290.9685274 

290.8960659 

290.8238885 

290.7519934 

290.6803782 

290.609041 

290.4671924 

290.3966769 

Temp in C 

20.12223354 

20.04084965 

19.95982012 

19.87914201 

19.79881245 

19.71882859 

19.63918759 

19.55988668 

19.48092311 

19.40229416 

19.32399713 

19.24602938 

19.16838828 

19.09107123 
19.01407568 

18.93739909 

18.86103895 

18.7849928 

18.70925817 

18.63383266 

18.55871388 

18.48389945 

18.40938704 

18.33517434 

18.26125907 

18.18763896 

18.11431178 

18.04127532 

17.9685274 

17.89606585 

17.82388854 

17.75199335 

17.6803782 

17.60904101 

17.46719236 

17.39667687 
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Resistance 

14600 

14650 

14700 

14750 

14800 

14850 

14900 

14950 

15000 

15050 
15100 

15150 

15200 

15250 

15300 

15350 

15400 

15450 

15500 

15550 

15600 

15650 

15700 

15750 

15800 

15850 

1/Temp 

0.003444399 

0.003445229 

0.003446057 

0.003446882 

0.003447704 

0.003448523 

0.00344934 

0.003450154 

0.003450966 

0.003451775 
0.003452581 

0.003453385 

0.003454186 

0.003454984 

0.00345578 

0.003456573 

0.003457364 

0.003458153 

0.003458939 

0.003459722 

0.003460503 

0.003461282 

0.003462058 

0.003462831 

0.003463603 

0.003464372 

Temp in Kelvin 

290.3264313 

290.2564537 

290.1867421 

290.1172946 

290.0481093 

289.9791843 

289.9105178 

289.8421079 

289.7739528 

289.7060508 

289.6383999 

289.5709985 

289.5038449 

289.4369372 

289.3702738 

289.303853 

289.2376732 

289.1717325 

289.1060295 

289.0405625 

288.9753299 

288.9103301 

288.8455615 

288.7810226 

288.7167117 

288.6526275 

Temp in C 

17.3264313 

17.25645368 

17.18674208 

17.11729458 

17.04810928 

16.9791843 

16.91051779 

16.8421079 

16.77395282 

16.70605075 

16.63839991 

16.57099853 

16.50384487 

16.43693721 

16.37027383 

16.30385304 

16.23767316 

16.17173255 

16.10602955 

16.04056255 

15.97532993 

15.91033011 

15.84556151 

15.78102256 

15.71671173 

15.65262748 
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PROGRAM 
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PROGRAM 

The BS2 program that is used with the device to control and measure the 

temperature in 16 different channels is given below. 

'Program for controlling temperature in 16 channels and measuring 

'temperature in all other channels each time temperature is 

'controlled in a channel. 

temp var word 

ad yai word 

chp var nib 

cht var nib 

clrlcdcon 12 

poscmd con 16 

esc con 27 

n9600 con $4054 

P con 11 

Q con 12 

Rcon 13 

S con 14 

m var bit 

n var bit 

o var bit 
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X var bit 

VolVar var byte 

for m = 0 to 1 

ifm = Othenlows 

highs 

goto overs 

lows: 

lows 

overs: 

for n = 0 to 1 

ifn = Othenlowr 

highr 

goto oven 

lowr: 

lowr 

oven: 

for o = 0 to 1 

if 0 = 0 thenlowq 

highq 

goto overq 

lowq: 
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lowq 

overq: 

for X = 0 to 1 

ifx = Othenlowp 

highp 

goto overp 

lowp: 

lowp 

overp: 

chp = (8*m)+(4*n)+(2*o)+(l*x) 

pause 1000 

serout 0, n9600,[clricd, "Power to Ch:",dec chp,cr] 

debug "Power to ch:", dec chp,cr 

branch chp, [ch0,chl,ch2,ch3,ch4,ch5,ch6,ch7,ch8,ch9,chl0,chl I,chl2,chl3,chl4,chl5] 

volvar= 100 

chO: 

pwm 6, volvar, 1000 

gosub TempMeas 

if temp < 256 then incrO 

gosub ChTempMeas 

goto over 

incrO: 
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volvar = volvar + 1 

goto chO 

chl: 

pwon 6, volvar, 1000 

gosub TempMeas 

if temp < 256 then incrl 

gosub ChTempMeas 

goto over 

incrl: 

volvar = volvar + 1 

goto chl 

ch2: 

pwm 6, volvar, 1000 

gosub TempMeas 

if temp < 256 then incr2 

gosub ChTempMeas 

goto over 

incr2: 

volvar = volvar + 1 

goto ch2 

ch3: 

pwm 6, volvar, 1000 
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gosub TempMeas 

iftemp<256tiienincr3 

gosub ChTempMeas 

goto over 

incr3: 

volvar = volvar + 1 

goto ch3 

ch4: 

pwm 6, volvar, 1000 

gosub TempMeas 

if temp < 256 then incr4 

gosub ChTempMeas 

goto over 

incr4: 

volvar = volvar + 1 

goto ch4 

ch5: 

pwm 6, volvar, 1000 

gosub TempMeas 

if temp < 256 then incr5 

gosub ChTempMeas 

goto over 
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incr5: 

volvar = volvar + 1 

goto ch5 

ch6: 

pwm 6, volvar, 1000 

gosub TempMeas 

if temp < 256 then incr6 

gosub ChTempMeas 

goto over 

incr6: 

volvar = volvar + 1 

goto ch6 

ch7: 

pwm 6, volvar, 1000 

gosub TempMeas 

if temp < 256 then incr7 

gosub ChTempMeas 

goto over 

incr7: 

volvar = volvar + 1 

goto ch7 

ch8: 
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pwm 6, volvar, 1000 

gosub TempMeas 

if temp < 256 then incrS 

gosub ChTempMeas 

goto over 

incr8: 

volvar = volvar + 1 

goto ch8 

ch9: 

pwm 6, volvar, 1000 

gosub TempMeas 

if temp < 256 then incr9 

gosub ChTempMeas 

goto over 

incr9: 

volvar = volvar + 1 

goto ch9 

chlO: 

pwm 6, volvar, 1000 

gosub TempMeas 

if temp < 256 then incrl 0 
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gosub ChTempMeas 

goto over 

incrl 0: 

volvar = volvar + 1 

goto chl 0 

chll : 

pwm 6, volvar, 1000 

gosub TempMeas 

if temp < 256 then incrl 1 

gosub ChTempMeas 

goto over 

incrl 1: 

volvar = volvar + 1 

goto chl 1 

chl2: 

pwm 6, volvar, 1000 

gosub TempMeas 

if temp < 256 then incrl 2 

gosub ChTempMeas 

goto over 

incrl 2: 

volvar = volvar + 1 
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goto chl2 

chl 3: 

pwm 6, volvar, 1000 

gosub TempMeas 

if temp < 256 then incrl 3 

gosub ChTempMeas 

goto over 

incrl 3: 

volvar = volvar + 1 

goto chl 3 

chl4: 

pwm 6, volvar, 1000 

gosub TempMeas 

if temp < 256 then incrl4 

gosub ChTempMeas 

goto over 

incrl 4: 

volvar = volvar + 1 

goto chl4 

chl 5: 

pwm 6, volvar, 1000 
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gosub TempMeas 

iftemp< 256 then incrl 5 

gosub ChTempMeas 

goto over 

incrl 5: 

volvar = volvar -i-1 

goto chl 5 

over: 

next 

next 

next 

next 

serout 0, n9600, [dried] 

end 

ChTempMeas: 

A con 7 

BconS 

Ccon9 

Dcon 10 

i var bit 

j var bit 

k var bit 
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1 var bit 

for i = 0 to 1 

ifi = OthenlowD 

highD 

goto overD 

lowD: 

lowD 

overD: 

forj = Oto 1 

if j = 0 then lowC 

highC 

goto overC 

lowC: 

lowC 

overC: 

for k = 0 to 1 

ifk = 0thenlowB 

highB 

goto overB 

lowB: 

lowB 

overB: 
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for 1 = 0 to 1 

ifl = 0tiienlowA 

high A 

goto overA 

lowA: 

low A 

overA: 

cht = (8*i) + (4*j) + (2*k) + (1 *1) 

serout 0, n9600,[clricd, "ch: ",dec cht,cr] 

debug "ch:",dec cht,cr 

gosub TempMeas 

next 

next 

next 

next 

retum 

TempMeas: 

cs con 3 

elk con 4 

dio_n con 5 

config var nib 

startB var config.bitO 
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sglDifvarconfig.bitl 

oddsign var config.bit2 

msbf var config.bit3 

pause 1000 

high CS 

high DIO_n 

config = config | %1001 

lowcs 

pwm 15,2,100 

shiftout DIO_n,CLK,lsbfirst,[config\4] 

shiftin DIO_n,CLK,msbpost,[AD\12] 

'debug?ad 

highcs 

gosub RtoTconv 

retum 

RtoTconv: 

g var byte 

h var byte 

index var byte 

lookdown ad,>=[1733,1056, 662,425,279,187], index 

if ad> 1051 then wrong 

branch index, [first, second, third, fourth, fifth, sixth] 
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first: 

•lookdown ad, >=[2909, 2897, 2881, 2866, 2850, 2836, 2820, 2805, 2790, 2775, 2760, 

2746, 2731, 2716, 2702, 2688, 2673, 2659, 2645, 2631, 2617, 2603, 2589, 2575, 2561, 

2548, 2535, 2521, 2508, 2495, 2481, 2468, 2455, 2442, 2429, 2417, 2404, 2391, 2378, 

2366, 2354, 2341, 2329, 2317, 2304, 2292, 2281, 2268, 2257, 2245, 2233, 2222, 2209, 

2198, 2186, 2176, 2164, 2153, 2141, 2131, 2119, 2109, 2097, 2086, 2076, 2065, 2054, 

2044, 2033, 2022, 2012, 2002, 1991, 1981, 1971, 1960, 1950, 1940, 1931, 1920, 1910, 

1900, 1891, 1881, 1872, 1862, 1852, 1843, 1833, 1824, 1814, 1806, 1796, 1787, 1778, 

1769, 1760, 1751, 1742, 1733],temp 

'gosub GandH 

goto final 

second: 

'lookdown ad, >=[1724, 1716, 1707, 1699, 1690, 1681, 1672, 1664, 1656, 1647, 1639, 

1631, 1622, 1614, 1606, 1598, 1590, 1582, 1574, 1566, 1559, 1550, 1543, 1535, 1527, 

1520, 1512, 1504, 1497, 1490, 1481, 1475, 1468, 1459, 1453, 1445, 1438, 1431, 1424, 

1417, 1410, 1403, 1396, 1389, 1382, 1375, 1368, 1362, 1355, 1349, 1341, 1335, 1328, 

1322, 1315, 1309, 1303, 1296, 1290, 1283, 1277, 1271, 1264, 1259, 1252, 1246, 1240, 

1234, 1228, 1222, 1216, 1210, 1204, 1198, 1192, 1186, 1181, 1175, 1169, 1163, 1158, 

1152, 1147, 1141, 1135, 1130, 1125, 1119, 1113, 1109, 1103, 1098, 1092, 1087, 1082, 

1077, 1072,1067,1061, 1056],temp 

'temp = temp + 100 

'gosub GandH 
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goto final 

third: 

lookdown ad, >= [1051, 1046, 1041, 1036, 1031, 1026, 1021, 1016, 1011, 1006, 1002, 

997, 992, 987, 983, 978, 974, 969, 964, 960, 955, 950, 946, 942, 937, 933, 928, 924, 920, 

915, 911, 907, 902, 898, 894, 890, 885, 881, 877, 873, 869, 865, 861, 857, 853, 849, 845, 

841, 837, 833, 829, 825, 821, 818, 814, 810, 806, 803, 799, 795, 791, 788, 784, 781, 777, 

773, 770, 766, 762, 759, 755, 752, 749, 745, 742, 738, 735, 731, 728, 725, 721, 718, 715, 

712, 708, 705, 702, 699, 695, 692, 689, 686, 683, 680, 677, 674, 671, 667, 664, 

662],temp 

temp = temp + 200 

gosub GandH 

goto final 

fourth: 

lookdown ad, >=[658,655,652,649,647,644,641,638,635,632,629, 626, 623, 621, 618, 

615, 612, 610, 607, 604, 602, 599, 596, 593, 591, 588, 585, 583, 580, 577, 575, 572, 570, 

567, 565, 562, 560, 557, 555, 552, 550, 547, 545, 543, 540, 538, 535, 533, 531, 528, 526, 

524, 521, 519, 517, 514, 512, 510, 508, 505, 503, 501,499,497,494, 492, 490,488,486, 

484, 482, 480, 477, 475, 473, 471, 469, 467, 465,463,461,459, 457,455, 453,451, 449, 

447,445,443,441,440,438,436,434,432,430,428,426,425],temp 

temp = temp + 300 

gosub GandH 

goto final 
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fifth: 

lookdown ad, >=[423, 421, 419, 417, 416, 414, 412, 410, 409, 407, 405, 403, 401, 400, 

398, 396, 395, 393, 391, 390, 388, 386, 385, 383, 381, 380, 378, 377, 375, 374, 372, 370, 

369, 367, 366, 364, 362, 361, 360, 358, 356, 355, 353, 352, 350, 349, 348, 346, 345, 343, 

342, 340, 339, 338, 336, 335, 333, 332, 330, 329, 328, 326, 325, 324, 322, 321, 320, 318, 

317, 316, 314, 313, 312, 310, 309, 308, 307, 305, 304, 303, 302, 300, 299, 298, 297, 296, 

294, 293, 292, 291, 290, 288, 287, 286, 285, 284, 282, 281, 280, 279],temp 

temp = temp + 400 

gosub GandH 

goto final 

sixth: 

•lookdown ad, >=[278, 277, 276, 274, 273, 272, 271, 270, 269, 268, 267, 266, 265, 264, 

262, 261, 260, 259, 258, 257, 256, 255, 254, 253, 252, 251, 250, 249, 248, 247, 246, 245, 

244, 243, 242, 241, 240, 239,238, 237,236, 235, 234, 234, 233, 232, 231, 230, 229, 228, 

227, 226, 225, 224, 224, 223, 222, 221, 220, 219, 218,217, 217, 216, 215, 214,213, 212, 

211, 211, 210, 209, 208, 207,207,206, 205, 204, 203, 203,202, 201, 200, 199,199,198, 

197, 196,196,195, 194,193,192,192,191,190,190,189,188,187],temp 

'temp = temp + 500 

'gosub GandH 

goto final 

final: 

if ad < 187 then wrong 
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serout 0, n9600,["Temp is :",dec g,". '̂,dec h,cr] 

debug "Temp is :",dec g,".",dec h, cr 

goto ret 

wrong: 

serout 0, n9600,[dried, "Temp is out of range",cr] 

debug "Temp is out of range",cr 

ret: 

retum 

GandH: 

g=temp/10 

h=temp-(g*10) 

retum 
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