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ABSTRACT

This is a project on development of temperature bafancing circuit. The objective of
this project is to monitor the temperature of a confined space and keep it at a preset
value 10°C. The scope of study covers the microcontroller circuit used to monitor the
input by the temperature sensor and give output signal to current amplifier circuit to
the peltier device. It also covers the current amplifier circuit and container design to
maintain the temperature. Other important components of the system also include
heat transfer concept, DC Fan, heatsink and insulation material. Experiments on the
peltier device have been performed and its characteristics have been studied. High
power with good insulation and heat removal system are most important on the matter
of increasing the performance of the peltier. Prototype of the project has been

constructed and tested and worked according to specification of cooling the container

up to 10°C.
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CHAPTER 1
INTRODUCTION

1.1 Background of study

A conventional cooling system[1,2,3] contains three fundamental parts - the
evaporator, compressor and condenser. The diagram of the system is shown in
Figure 1{3]. The evaporator (3) or cold section is the part where the pressurized
refrigerant is allowed to expand, boil and evaporate. During this change of state
from liquid to gas, energy (heat) is absorbed. The compressor (4) acts as the
refrigerant pump and recompresses the gas to a liquid. The condenser(1) expels the
heat absorbed at the evaporator plus the heat produced during compression, into the

environment or ambient,

Figure 1 A diagram of a phase change heat pump: 1) condenser 2) expansion
valve, 3) evaporator, 4) compressor.

On the other hand, thermoelectric coolers or specifically peltier, are heat
pumps, solid state devices without moving parts, fluids or gasses. The basic laws of
thermodynamics apply to these devices just as they do to conventional heat pumps,

absorption refrigerators and other devices involving the transfer of heat energy.



The usage of thermoelectric cooling instead of other forms of cooling
usually comes when there is a special requirement or characteristic that must be
fulfilled. A system may require size, space, weight, reliability and environmental
conditions that thermoelectrics can provide; such as operating in a vacuum. Other

forms of cooling are more desirable if there is no special requirement needed.

Currently, the temperature of a room or confined space are controlled by
presetting the temperature of the cooling device. This project requires balancing the
temperature and keeping it at a specified value based on the temperature within the

confined space.

1.2 Problem Statement

It is a common practice that medication are usually stored in a refrigerator.
In Malaysia where the temperature is normally high around 30°C during the day,
medicine get spoiled very quickly if not stored at the correct temperature. However,
when traveling, many people tend to neglect to store their medicine in the proper
container. The suggested temperature may vary depending on types of medicine;
they may vary from 5 - 10 degree Celsius to 20 — 25 degrees Celsius.

Thus, a storage container that keep medication at a preset value is very
useful not only for the usage of traveling doctors and ambulances, but also by

traveling people who need to bring delicate and expensive medication.

1.3 Objectives

The objectives to be achieved in this project are:

To study the cooling or heating effects of peltier device

To design and simulate the control circuit using Pspice and also build and test
circuit on breadboard

To use appropriate material to build a confined space using insulation material

To design a working prototype of a cooling device



CHAPTER 2
LITERATURE REVIEW

2.1 The Peltier Device

Peltier devices is also known as thermoelectric (TE) modules[3,4,5]. It is a
small solid-state devices that function as heat pumps. Its is a rectangular block with
several millimeters thickness and a few centimeters square in length can be seen in
Figure 2. It is usually made of Bismuth Telluride which is heavily doped to create
two different elements of semiconductor, with either an excess (n-type) or
deficiency (p-type) of electrons. The heat that is being absorbed at the cold junction
is pumped to the hot junction at a rate that is proportional to the current which is

passing through the circuit and the peltier itself.

Figure 2 Peltier module

Peltier modules are available in a great variety of sizes, shapes, operating
currents, operating voltages and ranges of heat pumping capacity. The peltier can be
obtained to fit in the requirements for the system without wasting excess power by
choosing the right quantity, size or capacity of the peltier. The current interest is to

operate at lower currents for more peltiers that are being used in the system.



211 The Pelfier Effect

The Peitier effect is the reverse of the Seebeck effect; where the heat
difference is created from an electric voltage[3,5]. The Peltier effect shown in
Figure 3{6] occurs when a current is passed through two dissimilar metals or
semiconductors (n-type and p-type) that are connected to each other at two
junctions (Peltier junctions). The transfer of heat moves from one junction to the
other driven by the current causing one junction to cool off while the other heats up.
As a result, the effect is often used for thermoelectric cooling. This result was found

by Jean Peltier in 1834 by, 13 years after Seebeck's initial discovery.

cald side

phpe -
semiconductor,
of -ype  isolator
(ceramics)

Figure 3 Diagram of Peltier effect showing the hot and cold side caused by
dissimitar semiconductors

When a current [ is made to flow through the circuit, heat is evolved at the
upper junction (at T), and absorbed at the lower junction (at T)). P-type silicon
typically has a positive Peltier coefficient (although not above 550 K), and n-type
silicon is typically negative. The conductors are attempting to return to the electron
equilibrium that existed before the current was applied by absorbing energy at one
connector and releasing it at the other. The individual couples can be connected in

series to enhance the effect.

The direction of heat transfer is controlled by the polarity of the current,
reversing the polarity will change the direction of transfer and thus the sign of the

heat absorbed/evolved.



2.1.2 Performance

The temperature across peltier rises with the increase of volt can be seen in
Figure 4[7]. For cooling purpose, the temperature decrease when the power
transferred increase. This statement has been later on studied by doing experiments

on the peltier module itself and observed its characteristic.
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Figure 4 Power transferred graph versus temperature across peltier

However, peltier devices have low efficiency and a current and power
drainage device[8]. Despite its advantage of having no moving parts, no Freon
refrigerant, no noise, no vibration, very smail size, long fife, capability of precision
and temperature control, this quality is a big turn off as low power consumption is

one of the highest criteria in designing.

2.1.3 Heat Removal

The most difficult parameter to accurately quantify is the amount of heat to
be removed or absorbed by the cold surface of the peltier{5,8,9]. All thermal loads
to the peltier must be considered. These thermal loads include, but are not limited
to, the active or heat load from electronic devices and conduction through any
object in contact with both the cold surface and any warmer temperature (ie.
electrical leads, insulation, air or gas surrounding objects, mechanical fasteners,

etc.). In some cases radiant heat effects must also be considered.

Single stage thermoelectric devices are capable of producing a "no

load" temperature differential of approximately 68°C [refer Appendix Al



Temperature differentials greater than this can be achieved by stacking one

thermoelectric on top of another called cascading.

2.1.4 Cooling using Peltier

To reduce the temperature of an object, heat must be removed from it, faster
than heat enters it[5,8,9]. If the object to be cooled is in direct intimate contact with
the cold surface of the peitier, the desired temperature of the object can be
considered the temperature of the cold surface of the peltier. There are situations
where the object to be cooled is not in intimate contact with the cold surface of the
peltier, such as volume cooling where a heat exchanger is required on the cold
surface of the peltier. When this type of system is employed the cold surface of the
peltier may need to be several degrees colder than the ultimate desired object

temperatuore.

2.1.5 Application

The characteristics of peltier devices makes it more suitable to smaller-
cooling applications such as drinks coolers as shown in Figure 5[10}, although they
are also used in applications as large as portable picnic-type coolers. They can be
stacked to achieve lower temperatures, although reaching cryogenic temperatures

would require great care.

Figure 5 Peltier- powered drink cooler



2.2 Peltier’s Heat Removal

The peltier device produces heat on one side and cools on the other side thus
creating a temperature difference. Based on the law of energy balance, the produced
on the hot side will eventually be transferred to the cold side causing the
temperature to also rise. To maintain the low temperature on the cool side[5,8,9],
the heat produced must be removed faster than the heat that enters it. To increase
the heat removal process on the hot side, a combination DC fan, heatsink and
thermal paste are used. A CPU fan as shown in Figure 6 is a good choice because it

combines all three components in one package.

2.2.1 DC Fan

DC Fan is a type of active cooling that moves air faster than just the
surrounding condition which is also a type of forced convection. Performance of
fans are usually measured by air volume per time in cubic feet per minute, CFM or
by air speed[2,11]. CFM values are more accurate because of the size of the fan
which is also taken into consideration. For example, a 120x120mm fan will provide

better cooling than a 50x50mm fan, if both produce the same air speed.

Figure 6 CPU Fan

CFM specifications are only valid when the pressure on both sides of the fan
is equal or when the fan is operating in free space. The specified CFM rating of the

fan may not be reached when the fan is installed in a device due to external effects.



Installation process and overall design of the cooling system are also very important

role to bring the fan to reach its maximum specification.

2,2.2 Heatsink

Figure 7 Example of a heatsink

A heatsink [2,11]is an environment or object that is used to absorb heat from
another object that has thermal contact with its surface as shown in Figure 7.
The part of the heatsink that touches the heat source is where the thermal transfer
takes place thus it must be perfectly flat and considerably large surface. The large
surface can be achieved by using a large amount of fine fins, or by increasing the

size of the heatsink itseif.

Heatsinks must have good aerodynamics designed in a way that air can
easily and quickly float through the cooler, and reach all cooling fins. Fins are used
1o increase the surface contact with the air, and thus also increase the rate of heat
dissipation. A heatsink that have a large amount of fine fins with small distances
between the fins do not have good air flow. Therefore, a powerful DC fan is often
used to force air through a heatsink. The DC fan helps to increase the rate of airflow
over the heat sink and also maintains a larger temperature gradient by replacing
warmed air faster than would be by convection, which is known as a forced air

system.

The material of the heatsink must have good thermal conductivity to allow
faster heat removal such as aluminum, copper and a combination of aluminum and

copper bonded together.



2.2.3 Thermal Paste

Thermal paste is also called thermal compound and thermal grease][9,11].
The substance is used to help to increase the conduction of heat between two
touching metal surfaces. When it is applied on a heatsink, the heatsink’s flat contact
area allows the usage of a thin layer of the substance to help to reduce the thermal

resistance between heatsink and heat source.

Figure 8 Thermal Paste

There are several types of thermal grease such as silicone-based as shown in
Figure 8, ceramic-based and metal-based. Ceramic based thermal paste conducts
heat better than most silicone greases, but it is a poorer heat conductor compared to
metal based paste. Metal based paste usually contains metal particles including
silver thus making it more expensive than silicone based paste.

The substance’s primary purpose is as a substitute for the constructional
imperfections of a heatsink's surface. It fills in the tiny pits and grooves of an
imperfect surface when applied in appropriate quantities, thereby increasing the
amount of surface-to-surface contact. Excessive amount of thermal paste applied

will create air gap between the heatsink and the source thus reducing conductivity.

2.3 Microcontroller

A microcontroller [12] can be called a computer on a chip. It contains CPU,
RAM, ROM, YO, Timer, Pulse Width Modulation and A/D and D/A conversion.
The most basic circuit of a microcontroller system consists of the microcontroller,

power supply, ground, oscillator, master clear pin (MCLR) and additional features



such as Light Emitting Diode (LED), Liquid Crystal Display (LCD) and in this

project peltier device, temperature sensor and DC Fan.

2.3.1 PIC6F877

PIC6F877 is a mid-range microcontroller that supports 8kB of flash memory
program, interrupts, in-circuit programming, hardware timers,
capture/compare/PWM modules,10-bit A/D conversion, built-in USART serial

communication and digital [/O.

2.3.2 C Compiler- CCS CPCM

To program the microcontroller, CCS Compiler from Custom Computer
Services Inc. was used. PCM C Compiler is a subset of ANSI C. CCS can support C
[/O, built in math functions, and special functions for dealing with the

microcontroller such as timer.

2.3.3 Development Cycle

The development of microcontroller consists of designing hardware
architecture, defining state machine or abstraction that represent the operation to be
accomplished and lastly use do iterative design. For iterative design, we use CCS’s
PCM C Compiler for the programming language. After the program has been
compiled, it will be programmed into the microcontroller. The program is run and
tested using PIC6F877 general purpose target board and the iterative process can be

repeated until the program is successfully running.

2.3.4 Digital 1/0 Ports

There are 5 digital /O ports in a PIC6F877 that can be accessed through 8 bit
registers; L.SB and MSB. Mnemenic for registers are listed include files or #use pre-
compiler directives can be used. The port’s data direction register must set up.
Some I/O pins have additional functionality and may be overridden by some other

register bits.

10



2.3.5 Master Clear Pin

This is an active low pin that provides a reset feature. Grounding this pin
causes the PIC to reset and restart the program stored in the FLASH ROM. At any
other time (e.g) the MCLR should be made logic 1 by connecting it to a powet
supply +5V through a pul! up resistor.

2.3.6 Pulse Width Modulation

The Pulse Width Modulation (PWM) is the CCP1 (pin 17) and CCP2 (pin
16) of PIC6F877. It can be used to vary the speed of motor or the brightness of a
bulb. To activate PWM control, the CCP pin should be assigned as an output. PWM
can be used to increase or decrease the temperature of the peltier device in this

project. Figure 2 is an example of a PWM signal representation.

ON#——4 p=t— +—t +—F =t
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Figure 9 PWM Signal Representation

2.4 Temperature Sensor, LM 35

Temperature sensor are very important to sense the change of temperature in
the environment accurately. LM35 is a precision integrated-circuit temperature
sensor that has an output voltage proportional to the temperature in °Celsius. Its
sensing limits is from -55°C to 150°C with accuracy of + 0.5°C typically at room
temperature (25°C). The sensor has low output impedance and linear output
characteristic at 10.0mV/°C which make the interfacing and control circuitry easy.
It is also not as susceptible to large errors in its output from fow leakage currents.
The output of this sensor is in analog, thus an ADC is needed if the function is

going to be used in a microcontroller [refer Appendix E].
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2.5 Container - Thermos

Thermos is one of the leading brand that produce good thermal insulation
for drinks and food container. There are many types of container available in the
market in different shapes, sizes and heat conductivity. For example, there are lunch
boxes, sports bottles for hikers, and coolers. From a variety of selection, Thermos
Travel Mug is the most suitable to be used as container in this project. This is due to
its light weight and the thin layer of the top cover. It is essential that the top cover is
not so thick because of placement of the peltier. however, it is noticeable that the

thinness might cause temperature leak and disturb the performance of the system.

Despite the thin cover, the body of the container is already well insulated.
This could make up to more that three quarter of the whole system. The thermos

technology uses vacuum as one of its method of insulation.

2.5.1 Vacuum Insulation

In a vacuumn condition, there is a lack of atoms or zero atoms in a perfect
vacuum condition[2]. Conduction and convection can only occur when there are
atoms that can be energized or de-energized. Lack of atom is a perfect condition
where conduction or convention could be totally eliminated. A perfect vacuum
condition is almost impossible to ereate but with the right technology, it can be

achieved.

Thermoshas vacuum insulation[13] which is called TherMax™ which can
virtually eliminates temperature change by creating an airless vacuum space
between two stainless steel walls. This type of insulation layer, shown in Figure 10
gives very good performance and are dependabie to keep beverages hotter, cooler,
fresher longer.

UNBREAKABLE STAINLESS ES=TEEL

(MTERIOR AMD EXTERIDR WAHALL ——d ¥
i

THERMAX™ IMSULATION LAYER

Figure 10 Vaccum and silvered insulation by Thermos
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2.5.2 Silvered insulation.

The internal insulation of the thermos has been lined with silver. This
silvered surface helps to reduce infrared radiation. Therefore, by combining both
vacuum and silver lining, heat transfer can be greatly reduced either by convection,

conduction or radiation.

2.6 Insulation Material

Despite the container that has built in insulation, external insulation is
another way to increase the performance of the system. In the market, there are
many thermal container manufacturer that produce products that not only have
built-in thermal quality but also external insulation to keep the temperature constant

for a longer time.

There are many types of insulation material available commercially in form
of sheets, blanket, board and pipe. The easiest to work with for this project is sheets
or blankets. This type of material can be bent and shaped to make the external

insulation of the container in this project.

However, the cheapest and available type of insulator is polystyrene thus it

will be used as insulator in this project.

2.6.1 R-Values

The R-value [2,3] is the reciprocal of the amount of heat energy per area of material
per degree difference between the outside and inside. The following equation is

used to measure R-values

R=-—— @

Where AT is the temperature difference, q is the heat flow and A is the unit area.

1”7



2.7 Conduction

The flow of heat by conductionf2,3] occurs via collisions between atoms
and molecules in the substance and the subsequent transfer of kinetic energy. Let us
consider two substances at different temperatures separated by a barrier which is

subsequently removed, as in the following Figure 11.

Fadt (hat) ateIng Flow old) atmms

Cummnn teTn peranee

Figure 11  Heat transfer by conduction

Collision between hot atoms with high kinetic energy with cold atoms with
low kinetic energy occurs once the barrier between the two is removed. This
collision causes the hot atoms to lose energy and the cold atoms to increase their
energy thus their speed by means of kinetic transfer called conduction as shown in

Figure 12.

Figure 12 Measurement of thermal conductivity
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2.7.1 Heat Transfer Calculation -

The flow of heat by conduction [1,2] occurs via collisions between atoms
and molecules in the substance and the subsequent transfer of kinetic energy. The
flow of heat through the material over time could be measure by knowing the

material's cross-sectional area and length, Thus, the heat flow can be calculated as
q=hAT, -T,) (1)

where h is the heat transfer coefficient, A is the unit area, Ty is the surface

temperature and T is the ambient temperature.

Thus, for a given temperature difference between the reservoirs, materials
with a large thermal conductivity will transfer large amounts of heat over time -
such materials, like copper, are good thermal conductors. Conversely, materials
with low thermal conductivities will transfer small amounts of heat over time -
these materials, like concrete, are poor thermal conductors. Fiberglass insulation,
feathers and fur have air pockets and so the air pockets aid in cutting back on the
heat loss through the material.

Another important parameter that must be obtained is how much heat that
must be removed in order for the peltier to cool off. To caiculate the cooling rate of
the system, first the heat that has to be removed from the system is obtained from

the following equation
Q sooing = MCAT 2)

where m is the mass, C is the specific heat of the item to be cooled and AT is the

temperature difference. Using the value of heat removed, the cooling rate is

Q cooling

v 3)

Q cooling =
where At is the time taken for the system to reach the desired temperature.

A system must not only function, but also efficient. Therefore, it is
important to know how long does the system takes to change the temperature of an

object. The duration can be known from the equation

15



meprT
f=—x-f
q

(4)

where m is the mass, C, is the specific heat of material (J/kgK), AT is the

temperature difference in Kelvin and q is the amount of heat removed in Watt.
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CHAPTER 3
METHODOLOGY

3.1 Project Methodology

First and foremost, extensive research to obtain materials for literature
review has been done. Next, vital components such as peltier device has to be
obtained. The characteristic of the components must be further studied for
maximum performance. Then, the control circuit have been designed and simulated
using Pspice. To develop the temperature sensing circuit, a study on current
temperature control circuitry was developed. The characteristic of the components
that build the circuit are under study for further improvement of the circuit.

The microcontroller circuit are also being developed. Microcontroller is
actually an important component in this project due to the fact that it helps to reduce
the number of components in a circuit with its built in functions.

Next, the design circuit using Pspice must be done. After the circuit is ran
and working when assembled on breadboard, the design on printed circuit boards
(PCB) are going to be fabricated. Then, process of soldering are going to be done

alongside with troubleshooting.

Data from the would be gathered based on performance of the circuit. The
data obtained have to be analyzed for discussion and room for improvement. Figure

13 shows the flow of activities that has been done in this project.



Literature review

y

Obtain components

3

Study Peltier Devices

Design Microcontroller
¥
Design sub-circuit

Simulate circuit

Fabricate PCB

h 4

Troubleshooting

Y

Data gathering

b

Data analysis

Result and discussion

Figure 13 Flow Diagram for Methodology



3.2 Container Design

Initially, the container was to be build from scratch using good insulation
material. However, it proves that using an existing container that later modified to
suit the need of this project is much easier, cheaper and efficient. The container will
be wrapped by external insulation material to maximize the insulation capacity of
the system. Thus, a design is needed for this purpose; container design as well as
external insufation design. One of the main constraint is ieakage that causes heat to
enter into the container.

The size of the container and the peltier was measured. The container was
studied to find which side could be cut to mount the peltier. The top cover is the
most suitable as it is made of plastic and thin compared to the body. Then the top
was cut according to the dimensions of the peltier. The peltier was mounted onto
the top cover using sealant; a type of glue that is strong enough to bond plastic and
ceramic.

To increase the insulation of the thin top cover, 3 layers of aluminum foil
was mounted underneath. To minimize heat loss from the container, an external
insulation will be made from suitable insulation material. This method is popular

with existing commercialized cooling container.

3.3 The System Functionality

This project consists of a few combination of different components, thus it
has an overall functions that are going to be developed for temperature balancing.
Firstly, the temperature are preset within microcontroller at a predetermined value.
Then the sensor will detect the surrounding temperature as input. The input
temperature are then compared with the preset value. If the input value is lower than
the preset value, the sensor will go back to detecting the temperature. If the
temperature is higher, then the more power will be supplied to the peltier and cool
off the peltier. The functionality of the system can be seen from the flow diagram in
Figure 14.



r

Cut off Supply
power o Peltier

J

Supply power to
Peltier

Figure 14 Flow diagram of temperature balancing
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CHAPTER 4
RESULTS AND DISCUSSION

4.1 Circuit Simulation

Voltage

regutator cirenitf -

1} Microcontroller
. ‘—1 - Cireuit

gfalafugagagapafa

Current |-
Amplifierfl.
Circuit +E

I

Figure 15  Overall Circuit

The project comprises of microcontroller 16F877, temperature sensor LM35
and controller circuit. The overall circuit is shown in Figure 15. Voltage Regulator
LM7805 is used to give a regulated +5VDC supply to the microcontroller. The
temperature sensor gives input the microcontroller that compares it with 10°C and
give or cut off the supply to the current amplifier circuit. The current amplifier circuit

functions to give a high current, thus high power to the peltier.
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Figure 16 Circuit Simulation for current amplifier circuit

The simulation of the circuit is shown in Figure 16. This circuit has two main
stage; current source and active load [14]. Current source is two cascaded transistor
that amplified the current to provide sufficient input for the system. When small
current flow from the +5V supply, transistor Q1 amplified this small circuit to
transistor Q2 and turn it ON. Transistor Q2 further amplified this current and turns
ON transistor Q6.

The output of this current source stage is then used by the active load or
current mirror amplifier to generate more current. When transistor Q6 turned ON, it
will provide current to the active load. Active load is a current source whose output
resistance is used in place of collector resistance. All of the current exists in the
source and not the output resistance, thus there is no need for high voltage to produce
high current. In the circuit, PNP darlington transistors, Q4 and Q5 are used because
PNP transistors provide the appropriate direction of collector current. However, PNP
current mirrors is inferior to NPN sources thus another NPN darlington transistor, Q3

was added.
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4.1.1 Power Dissipation in Q1

Figure 17 Power Dissipation graph Q1, 2N2222

The waveform in Figure 17 shows the power dissipation graph for transistor
Q1 using 2N2222. The transistor is used to amplify the current and supply 1.0722mA
to Q2 creating a cascaded amplifier as a current sourcefor the circuit. The base-
collector voltage is 7.2250V, collector-emitter voltage is 7.9053 and the emitter base
voltage is -680.247mV.

4.1.2 Power Dissipation in Q2
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Flgure 18 Power D1351pat10n graph Q2 2N2222



The waveform in Figure 18 shows the power dissipation graph for transistor
Q2 using 2N2222. The transistor is used to amplify the current and supply 3.968mA
to active load stage. The base-collector voltage is -794.990mV, collector-emitter
voltage is -18.998mV and the emitter base voltage is -701.034mV.

4.1.3 Transistor TIP120 AND TIP 127

Figure 19 Active load on current amplifier circuit

The connection of the darlington transistor is shown in Figure 19. TIP120 is
an NPN transistor and TIP is a PNP transistor that could drive high current value up
to SA. TIP127 is used to drive current to the circuit and TIP120 is used to supply the
current to the peltier. these type of transistors are suitable for power linear application
in addition to its good switching characteristic. The switching is applied to this circuit
as the circuit will be turned ON and OFF to suit the temperature.

From the circuit simulation, the power from the circuit is measured. This
measurement is done to show that these transistors are suitable to be used in the
circuit. From the graph in Figure 20, the power measured is 41.5Watt. The thermal
resistor for TIP120 and TIP127 in the ambient temperature is 62.5°C/W which is the

heatsink rating for the transistor.
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The thermal power to be dissipated, P=I; X V¢g = 41.5Watt. the maximum
operating temperature(T,;;) for the transistor referred to the datasheet is 150°C. The
maximum ambient temperature for surrounding air is Tar which is equals to 25° If
the heatsink is going to be inside a case, the maximum thermal resistance, Ry must
be calculated because Tag might rise due to operation,

Rrn = (Tmax — Tar) (7

Using equation (7), the maximum thermal resistance is 3.012 °C/W. A
heatsink with a lower thermal resistance is chosen to allow a safety margin. A 1°C/W
heatsink dissipating 41.5Watt will have a temperature difference of 1 x 41.5 = 41.5
°C, thus the transistor will rise to 25 + 41.5 = 66.5 °C. This value is lower than the

maximum operating temperature of the transistor.
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Figure 20 Waveform for TIP120 and TIP127

4.1.4 Peltier Voltage and Current

L

Figure 21 Input voltage to peltier device
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Figure 22 Input current to peltier device

Figure shows the simulated voltage supplied to the peltier at 10.237V and

Figure 21 shows the current supply at. The peltier is a current drainage device thus
require high power to drive it. However, the output of peltier can only be varied by
means of varying current thus high current is needed. Therefore the high current of
4.0765A supplied to it is suitable for this purpose as shown in Figure 22. When
compare to the actual voltage supplied to peltier shown in Figure 23, the

measurement of voltage is 10V showed that there waspower dissipation due to heat.

Figure 23  Actual input voltage to peltier
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42 Microcontroller and Temperature Sensor LM35

Figure 24 Input voltage to microcontroller

Microcontroller PIC16F877 operates when given output 5VDC and the input
graph to the microcontroller is shown in Figure 24. Microconiroller will only be
stable if given the input +5VDC will very small tolerance. From the microcontroller
program code, the output is measured at PIN RB1 and the output graph is shown in
Figure 25. From the graph, the output measured is 4.5V.

Temperature sensor LM35 gave output in form of voltage whereby 10 mV
equals to 1°Celsius. For example when the temperature is 23°Celsius, the sensor will
give output 230mV or 0.23V. In the system, the output of the sensor became the input
for the microcontroller. The microcontroller turn on the current amplifier circuit when
the input is more than 0.1V or 10°Celsius. When the input is higher, microcontrofler

will turn off the circuit.
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4.3 Peltier Characteristic

The comparison between actual peltier’s characteristic can be seen from
Figure 26 and Figure 27[4]. The graphs shows that the peltier is capable to cool better
when given higher power. The temperature aiso decreased inverse proportionally to
the power transferred. These values are obtained from experiment done by varying
the voltage and current of a DC power supply. The values are limited due to the
limitation of the DC supply for peltier is a current drainage device. The power is

obtained by mostly varying the current supplied to the peltier.
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Figure 26  Actual power transferred versus temperature across peltier graph
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Figure 27 Theoretical Power transferred versus temperature across peltier
graph



4.3.1 Temperature of Peltier Device when attached to the whole system

Figure 28 Peltier’s surface temperature versus time graph for the cold side

The circuit built has been connected to the peltier device and tested. With the
amount of current applied to the circuitry, the peltier has been capable to cool to as
low as 2°Celsius. The input is taken from the cutput of temperature sensor LM35 that
gives output 10mV for 1°Celsius. From the graph in Figure 28, 100mV is equal to
10°Celsius, thus the initial temperature was 22°Celsius and the surface of the
temperature dropped to 2°Celsius within 60 seconds. The temperature remained at
2°Celsius for as long as the power supplied was maintained.

On the other hand, the temperature on the hot side was measured. The hot side
increased rapidly from initial temperature 36°Celsius to 68°Celsius in 48 seconds as
shown in Figure 21. This proves that the hot side will get hotter alongside with the
cold side that cools off and also an indication of the amount of heat that must be

removed in order to cool the cold side.
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Figure 29 Peltier’s surface temperature versus time graph for the hot side
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4.4 Heat Transfer Calculation

4.4.1 Calculation of Cooling Rate of The Peltier

In this calculation, the heat through the walls is assumed negligible during
operation. Taking the peltier’s surface temperature, T, is 10°C and the ambient
temperature, T; is 36°C.

The item to be cool is assumed to be air in the container. The volume of the
container, v is 0.4 7 or 0.399947 x 10 * m’ with density, p equals to1.2 kg / m’. the
specific heat for air, Cp ax is 1.005 k J / kg . ° C. From the value of density and
volume, the mass of the air inside the container given by m = p v is 4.799364 x 10*
kg.

The cooling rate of the system is equal to the rate of decrease of
energy of the air. Using equation 2, heat to be removed from the system is 0.012058
kJ.

4.4.2 Calculation of Heat Transfer of the Peltier Device

To calculate the heat transfer of the peltier, the properties of peltier device
(refer to Appendix B) and the temperature must be known. Taking the surface area of
the peltier, A is equals t0 0.9 x 10" m?, the peltier’s surface temperature, T,, cquals to

10 ° C and ambient temperature, T, is 30 ° C, the heat produced is 0.63 W.

A system must not only function, but also efficient. Therefore, it is important
to know how long the system takes to change the temperature of an object. The
duration can be known from the equation (4), 0.8 hour or 48 minutes providing that

the system is a closed loop system.



4.5 Design

Previously, the container was to be build from scratch using good insulation
material. However, it proves that using an existing container that later will be
maodified to suit the need of this project is much easier, cheaper and efficient. The
container will be wrapped by external insulation material to maximize the insulation
capacity of the system. Thus, a design is needed for this purpose; container design as

well as external insulation design.

4.5.1 Container Design

The container is actually separated into two pieces; top cover and body. There
will be no modification done on the body; it will be used as it is. The top cover has
been cut through to enable peltier to be placed in the middle of it. Figure 30 is the

overall design of the container.

Figure 30 Container Design
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4.5.2 Container’s Body

The container body is able to leak heat into the container from the visible
silvered side. Therefore, polystyrene has been used as insulator and placed around the

body as shown in Figure .

Container Body

Polystyrene

4.5.3 Top Cover

The cover itself is very thin thus does not provide much insulation. Thus,
polystyrene is placed as insulator. In addition, three layers of aluminum foil will be
placed underneath. Air is another form of insulation, thus there are some gap between
the layers of aluminum. Rubber is also placed in between peltier and the polystyrene
to fill the small gap that could leak external heat into the container. Figure 32 shows
the top cover design.
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Figure 32 Top Cover Design

The process of installing the alaminum foil is quite a delicate work for the foil
tend to break easily. This caused the process of creating an air gap between layers to
be very challenging. Another thicker type of aluminum maybe more suitable to be

placed as it has shape that can stand by itself.

Mounting the foil onto the top cover is a difficult task due to surface
difference; plastic and aluminum. Both require different type of glue and while one
glue stick to one surface, it refused to stick to the other. Experimentation with
different types of glue helps to make the task possible. Finally, the peltier sticks
nicely onto the top cover using sealant which could be adjusted easily and also easy

1o use.

Figure 33 Top cover seen from the bottom
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4.6 Prototype

Figure 34 Prototype

The final prototype is shown in Figure 34. The final product is 29cm high and 10cm
wide. The system turned OFF when the temperature sensed by the temperature sensor
reached lower than 10°C and turned ON when the temperature raised above 10°C.
Currently the container is only capable of cooling to 18°C due to external heat that
leaks into it. Figure 35 is the output graph of minimum temperature that can be
achieved by the prototype that is 180mV output by the temperature sensor equals to
18°C. This probably due to the polystyrene which is not a very good insulator with
only 5 R-Value. Due to its price and most importantly availability, it has been used as

insulator.

Figure 35 Final Product
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CHAPTER 5
CONCLUSION

5.1 Conclusion

The peltier is a good cooling device that can cool to very low temperatures
when supplied enough power. To use peltier device for cooling purposes, the cooling
system must be able to remove heat faster than the heat produced. The heatsink and
DC Fan used are powerful cooling system that the peltier managed to cool as low as
2°C. However, due to heat leakage, the temperature within the container does not
drop as low as the desired value. It only managed to cool up to 18°C when the
ambient temperature is 23°C .Thus, the system required good insulation to help the
system achieve and maintain temperature at preset value.

The container is built using existing commercial container, a thermos flask
that are being modified into desired container. It has been insulated with polystyrene
as an added insulation. Overall, the system functions accordingly, but did not achieve

the desired cooling temperature of 10°C.
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APPENDIX A

PELTIER DATASHEET
Ambient = 30C
item Max Delta]| Max Max Max

Part Number | Description T Voltage [ Current {(Wattage| Length | Width | Thickness

TEC1-01704 |Single Stage TEC 68 2.1 45 5 16.0, _15.0 4.8
TEC1-03104 Single Stage TEC| 68 3.8 4.5 10 20.0  20.0) 4.8
TEC1-07104 |Single Stage TEC 68 8.6 4.5 22 30.00 30.0 4.8
TEC1-12704 [Single Stage TEC 68 154 4.5 40 40.0) 400 4.8
TEC1-01705 |Single Stage TEC 68 2.1 5.5 7 150, 15.0 4.0
TEC1-03105 |Single Stage TEC 68 3.8 5.5 12 20.00 20.0 4.0
TEC1-07105 |Single Stage TEC 68 8.6 5.5 27 30.0 300 4.0
TEC1-12705 [Single Stage TEC 68| __ 15.4 5.5 49 40.00 40.0 4.0
TEC1-01706 |Single Stage TEC 68| 2.1 6.5 8 15.00 15.0 3.9
TEC1-03106 |Single Stage TEC 68 3.8 6.5 14 20.00 20.0 3.9
[TEC1-07 106 |Single Stage TEC 68 8.6} 6.5 32 30.0 30.0 3.9
TEC1-12706 [Single Stage TEC 68 154 6.5 58 40.0] 400 3.9
TEC1-01707 ISingle Stage TEC 68 21 7.5 9 15.0, 15.0 3.9
TEC1-03107 |Single Stage TEC 68 3.8 7.5 16 200 200 3.9
TEC1-07107 |Single Stage TEC 68 8.6 7.5 37 30.0] 300 3.9
TEC1-12707 |Single Stage TEC! 68 154 7.5 67 40.00 400 3.9
TEC1-01708 |Single Stage TEC 68, 21 8.5 10 16.00 15.0 3.6
TEC1-03108 |Single Stage TEC 68: 3.8 8.5 18 2000 200 3.6
TEC1-07108 |Single Stage TEC 68 8.6 8.5 42 30.00 300 3.6
TEC1-12708 [Single Stage TEC| 68| 154 8.5 76 40.00 400 3.6
TES1-12702 |Single Stage TEC] 68 154 2.0 18 30.0, 300 4.6
TES1-12703 |Single Stage TEC 68l 154 3.0 27 300, 3040 38
TES1-12704 [Single Stage TEC 68 154 4.0 40 30.0 300 3.4




APPENDIX B
CHEMICAL PROPERTIES OF PELTIER (BISMUTH

TELLURIDE)
Density, p = 7.53 gm / cm’
Thermal Conductivity, k = 1.5 watt/ m °C
Specific Heat, C, = 0.13 cal / gm °C
Heat Transfer Coefficient, h = 28W/m?.°C
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APPENDIX C
MICROCONTROLLER PROGRAMMING CODE

#include <16F877.h>
#device ADC=8
#fuses XT,NOWDT,NOPROTECT, NOPUT, NOBROWNOUT, NOLVP
#use delay(clock = 4000000)
float adcValue, voltage;
void main()
{
setup_adc_ports( ALL,_ANALOG );
setup_adc(ADC_CLOCK_INTERNAL); // Use internal ADC clock.

set_adc_channel(1);

while(1)

{
delay_us(50); // Delay for sampling cap to charge

adcValue = read_adc(); // Get ADC reading

delay us(50); // Preset delay, repeat every 10ms

voltage = 5.000 * adcValue / 255.000; //0-256 =28

//voltage calculation for adcValue read given 5V

if(adcValue <= 5) /fadcValue : 18 = 10 degree celcius
output_low(pin_B1);
clse

output_high(pin_B1);
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APPENDIX

MICROCHIP PIC16F877 DATAEIC 1 6 F8 7X

28/40-Pin 8-Bit CMOS FLASH Microcontrollers

Devices Included in this Data Sheet: Pin Diagram
- PIC16F873 + PIC16F876 PDIP
» PIC16F874 = PIC16F877 . 7
MCLRvPr —[1 1 49 [J =—= RB7IPGD
Microcontroller Core Features: ::2:::? :E i 22 %: :ﬁm
. RAIANZIVAER- -—e[] 4 37 [1 = RB4
« High performance RISC CPU RAMANGAREFS w—=T] 5 36 [} e REPGM
» Only 35 single word instructions to learn RA4(TOCKS w—-[] 6 35 [1=+— RB2
+ All single cycle instructions except for program :23%;’:? :E ; N Z %: z:;ﬂm
branches which are two cycle RE1ANEIANE ~+—=[] 8 8 g e— Voo
+ Operating speed: DC - 20 MHz clock input RE2CEANT -] 10 fu 81 [J - vss
DC - 200 ns instruction cycle voo—w 11 B 303e—s ROTRSE7
Vss —e [ 12 -] 28 [} —n RDGPSPE
+ Upto 8K x 14 words of FLASH Program Memory, OSCUCLKIN ——=[]13 &y 28 [1=—= RDSPSPS
Up to 368 x 8 bytes of Data Memory (RAM) OSCUCLKOUT «—Li1 &= 27 (1w RD4PSP4
Up to 256 x 8 bytes of EEPROM Data Memory R:gf;:’gg:{:cc:; :E :Z 3 %Z ‘:g;;rRmxfc”;
+ Pinout compatible to the PIC16CT3B/74B/76/77 RC2HCCP! e [ 17 24 [} =—» RC5/SDO
« interrupt capability {up to 14 sources) RCHSCKISCL =—=-[] 18 23 [] = RGH/SOISDA
« Eight leve! deep hardware stack 22$:E[1) :E - 2 %: ':gﬁi:
- Direct, indirect and relative addressing modes
+ Power-on Reset (POR)
« Power-up Timer (PWRT) and
OscillatoFr) Start-ug Tlmer)(OST) Peripheral Features:
« Watchdog Timer (WDT) with its own on-chip RC « Timer0; 8-bit timer/counter with 8-bit prescaler
oscillator for refiable operation « Timert: 16-bit timer/counter with prescaler,
+ Programmable code protection can be incremented during SLEEP via external
» Power saving SLEEP mode crystaliclock
« Selectable osciltator options « Timer2; 8-bit fimer/counter with 8-bit period
» Low power, high speed CMOS FLASH/EEPROM register, prescaler and postscaler
technology « Two Capture, Compare, PWM modules
» Fully static design - Capture is 16-bit, max. resolution is 12.5 ns
« In-Circuit Serial Programming™ (ICSP) via two - Compare is 16-bit, max. resolution is 200 ns
pins - PWM max. resolution is 10-bit
» Single 5V in-Circuit Serial Programming capability « 10-bit multi-channel Analog-to-Digital converter
« In-Circuit Debugging via two pins - Synchronous Serial Port (SSP) with SPI™" (Master
+ Processor read/write access to program memory mode) and 12C™ (Master/Siave)
- Wide operating voltage range: 2.0V to 5.5V « Universal Synchronous Asynchronous Receiver
+ High Sink/Source Current: 25 mA Transmitter (USART/SCI) with 9-bit address
detection

Commercial, industrial and Extended temperature
ranges Paralle} Stave Port (PSP) 8-bits wide, with

Low-power consumption: external R[()j, WR and CS controls {40/44-pin only)
; + Brown-out detection circuitry for
- <{.6 mA typical @ 3V, 4 MHz
.typl e Brown-out Reset (BOR})
- 20 pA typical @ 3V, 32 kHz
- <1 uA typical standby current

I
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Key Features
PICmicro™ Mid-Range Reference PIC16F873 PIC16F874 PIC16FB76 PIC16FB77
Manual (DS33023)
Operating Frequency DC - 20 MHz DC - 20 MHz DC - 20 MHz DC - 20 MHz
RESETS (and Delays) POR, BOR POR, BOR POR, BOR POR, BOR
(PWRT, OST) (PWRT, OST} (PWRT, OST) {PWRT, OST)
FLASH Program Memol
(14-bi?won:ls) K 4K 4K 8K 8K
Data Memory {bytes) 192 192 368 368
EEPRCOM Data Memory 128 128 256 256
Interrupts 13 14 13 14
I/Q Ports Ports A,B,C Ports A,B,C.D.E Ports A,B,C Poris AB,C.D.E
Timers 3 3 3 3
Capture/Compare/PWM Modules 2 2 2 2
Serial Communications MSSP. USART | MSSP, USART | MSSP, USART | MSSP, USART
Parallel Communications — PSP — PSP
10-bit Analog-to-Digital Module 5 input channels | 8 input channels | 5 input channels | 8 input channels
Instruction Set 35 instructions | 35 instructions | 35 instructions | 35 instructions |

M
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TABLE 1-2:  PIC16F874 AND PIC16F877 PINOUT DESCRIPTION {CONTINUED)

DIP | PLCC | QFP | lO/P Buffer -
Pin Name Pin# Pink Pin# | Type Type Description
PORTC is a bi-directional /O port.
RCOMI0SO/TICKI | 15 16 32 110 ST RCO can also be the Timer1 oscillator output or a
Timer1 clock input.
RCH/T10SIICCP2 16 18 35 [ie} ST RC1 can afso be the Timert oscillator input or
Capture2 input/Compare2 output/PWM2 output.
RC2/CCP1 17 19 ) i ST RC2 can also be the Capture? input/‘Compare
output/PWM1 output.
RC3/SCK/SCL 18 20 37 o ST RC3 can also be the synchronous serial clock input/
oufput for both SP1 and 12C modes.
RCA4/SDI/SDA 23 25 42 1o ST RC4 can also be the SPI Data In (SPI mode) or
data 1O {°C made).
RC5/SDO 24 26 43 o sY RC5 can also be the SP1 Data Out (SPI mode).
RCB/TX/CK 25 27 44 o 8T RC6 can also be the USART Asynchronous Transmit
or Synchronous Clock,
RC7/RX/DT 26 29 1 o ST RC7 can also be the USART Asynchronous Receive
or Synchrorous Data,
PORTD is a bi-directional O port or paraliel slave port
wher interfacing to a microprocessor bus.
RDO/PSPO 19 21 38 o | sTITL®
RO1/PSP1 20 22 39 1o sTTTL®
RD2APEP2 24 23 40 o STATLE
RD3/PSP3 22 24 41 o STATLS
RD4/PSP4 27 30 2 1O sSTTL®
RDG/PSP5 28 31 3 o sTTTLE
RD6/PSP6 29 32 4 0 STTLE
RD7/PSP7 30 33 5 o | stam®
PORTE is a bi-girectional VO port.
RED/RD/ANS 8 9 25 o | SsTTTL® REQ can also be read control for the parallel slave
port, or analog inputd.
RE1/WR/ANG 9 10 26 o | sTaTL® RE1 can also be write control for the parallei slave
port, or analog inputs.
RE2/CS/ANT 10 i 27 o | stam® RE2 can also be select control for the parallei slave
port, or analeg input?.
Vss 12,31 13,34 | 628 P — Ground reference for logic and /O pins,
VoD 11,32 | 12,35 7.28 P ' —_ Positive supply for logic and 1/O pins.
NC — | 1,17,28, | 12,13, — These pins are not intemmally connected. These pins
40 33,34 should be left unconnected.
Legend: |=input O = output /O = input/output P = power
— = Not used TTL = TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as an external interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffer is a Schmitt Trigger input when configured as general purpose I/O and a TTL input when used in the Parallel
Stave Port mode (for interfacing to a micropracessor bus).
4: This buffer Is a Schmitt Trigger input when configured in RC oscillater mode and a CMOS input otherwise.

M
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DEVICE OVERVIEW

This document contains device specific information.
Additional information may be found in the PICmicro™
Mid-Range Reference Manual (DS33023), which may
be obtained from your local Microchip Sales Represen-
tative or downloaded from the Microchip website. The
Reference Manual should be considered a complemen-
tary document to this data sheet, and is highly recom-
mended reading for a better understanding of the device
architecture and operation of the peripheral modules.

There are four devices (PIC16F873, PIC16F874,
PIC16F876 and PIC16F877) covered by this data
sheet. The PIC16F876/873 devices come in 28-pin
packages and the PIC16F877/874 devices come in
40-pin packages. The Parallel Slave Port is not
implemented on the 28-pin devices.

The following device biock diagrams are sorted by pin
number; 28-pin for Figure 1-1 and 40-pin for Figure 1-2.
The 28-pin and 40-pin pinouts are listed in Table 1-1
and Table 1-2, respectively.

FIGURE 1-1: PIC16F873 AND PIC16F876 BLOCK DIAGRAM
. Program Data
Device FLASH Data Memory EEPROM
PIC16F8T3 4K 192 Bytes 128 Bytes
PIC16F876 aK 368 Bytes 256 Bytes
13 DataBus B PCRTA
Program Counter 7 1157 RAD/IAND
FLASH lL La—e] RATIANT
Program RAM RA2/ANZ2IVREF-
Memory @ Lavel Fle ..y_. RAsmNgfI(\a"REH
{13-bit) Registers | RAS/AN4/SS
Program 4, PORTE
Bus
RBO/INT
Instructi I RB1
ruction reg ) RE2
“ Direct Addr RB3/PGM
I RB4
- RBS
» RBS/PGC
. RB7/PGD
8
- PORTC
3 |4 RCOT10SOITICK!
Power-up o RCA/T10SIHCCP2
Timer RC2/GCP1
i Oscillator » RCI/SCKISCL
Instruction L;:p Start-up Timer : RCA4/SDI/SDA
Control Power-on 4 RCS/SDO
Resst RCE/TXICK
RCTIRX/DT
Timi Watchdog
OSCAICLKIN Brown-out
OSC2/CLKOUT Reset
In-Circuit
Debugger
Low Voltage
Programming
MCLR VDD, Vs
Timerd Timert Timer2 10-bhit AD
Synchronous
Data EEPROM CCP1,2 Serial Port ‘ USART J

Note 1: Higher order bits are from the STATUS register.

@ 2001 Microchip Technology Inc.
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52  Using Timer0 with an External Timer0 module means that there is no prescaler for the
Clock Watchdog Timer, and vice-versa. This prescaler is not

‘ ) ) readable or writable (see Figure 5-1).
Nhen no prescaler is used, the extemal clock input is The PSA and PI2PS0 bits (OPTION REG<3.0>)

the same as the prescaler output. The synchronization

of TOCKI with the internal phase clocks is accom- determine the prescaler assignment and prescale ratio.

plished by sampling the prescaler output on the Q2 and When assigned to the Timer0 module, all instructions
Q4 eycles of the internal phase clocks. Therefore, it is writing to the TMRO register (e.g. CLRF 1, MOVWF 1,
necessary for TOCKI to be high for at least 2Tosc (and BSF 1, x....etc.) will clear the prescaler. When assigned
a small RC delay of 20 ns) and low for at least 2Tosc to WDT, a CLRWDT instruction will clear the prescaler
{and a small RC delay of 20 ns). Refer to the electrical along with the Watchdog Timer. The prescaler is not
specification of the desired device. readable or writable.

“Note:  Writing to TMRO, when the- prescaler is.
53  Prescaler O Signe fo Timerd, wil cear the proscaler
There is only one prescaler avaitable, which is mutually © % count, but will not change the- prescaler
exclusively shared between the Times0 module and the Dol pssigments oo s S s
Watchdog Timer. A prescaler assignment for the

REGISTER 5-1: OPTION_REG REGISTER

RW-1  RW-1  RW-1  RWH RW-1  RW-1_ RMW-1  RW-1
[ RBPU_| INTEDG | T0CS | TOSE PSA | Ps2 | Psl | PSO_|
bit 7 bit 0

bit 7 RBPY
bit & INTEDG
bit 5 TOCS: TMRO Clock Source Select bit

1 = Transition on TOCKI pin
0 = Internal instruction cycle clock (CLKOUT}

bit 4 TOSE: TMRO Source Edge Select bit
1 = Increment on high-ta-low transition on TOCKI pin
0 = ingrement on low-to-high transition on TOCK! pin

bit 3 PSA: Prescaler Assignment bit
1 = Prescaler is assigned to the WDT
o = Prescaler is assigned to the Timer0 module

bit 2-0 PS2:PS0: Prascaler Rate Selact bits
Bit Value TMRO Rate WOT Rate

000 1:2 1:1

001 1:4 1.2

010 1:8 1:4

011 1:16 1:8

100 1:32 1:16

101 1:64 1:32

110 1:128 1:64

111 1:256 1:128
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR "1’ = Bit is set ' = Bit is cleared x = Bit is unknown

“Note: - Toavoid an inintended device RESET, the Instruction sequence shown i the PICmicro™ Mid-Range MCU
" Famiy Reference Manual (DS33023) must be executed when changing the prescaler assignment from

: =-ﬁmero-tome.wutrmsmquememustb'efouewed'ev;en'ifmeWDr:isdisabzeu;,: S

S s e
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11.4 A/D Conversions

Ciearing the GO/DONE bit during a conversion will
abort the current conversion. The A/D result register
pair will NOT be updated with the partially completed
A/D conversion sample. That is, the ADRESH:ADRESL
registers will continue to contain the value of the last
completed conversion (or the last value writien o the
ADRESH:ADRESL registers). After the A/D conversion
is aborted, a 2TAD wait is required before the next

o ————— —

acquisition is started. After this 2TAD wait, acquisition
on the selected channel is automatically started. The
GO/DONE bit can then be set to start the conversion.

In Figure 11-3, after the GO bitis set, the first ime seg-
ment has a minimum of Tcy and a maximum of TAD.

“Note:  The GOJDONE bit should NOT be set in
200 7 the same instruction that wms on the A/D.

Teyto TaD, TaD1  Tap2_ TAD3  TAaD4  TADS _Tap6  TaD7  TaD8 _Tang TAD10 TAD11

FIGURE 11-3: A/D CONVERSION Tap CYCLES
T b9 b8 BT b6
Conversion staris

Set GO bit

Holding capacitor is disconnected from analog input {typically 100 ns)

b4 B3 b2 bt o

ADRES is loaded

GO hitis cleared

ADIF bitis set

Holding capacitor is connected to analog input

11.4.1 A/D RESULT REGISTERS

The ADRESH:ADRESL register pair is the location
where the 10-bit A/D result is loaded at the completion
of the AJD conversion. This register pair is 16-bits wide.
The A/D module gives the flexibility to left or right justify
the 10-bit result in the 16-bit result register. The A/D

Format Select bit (ADFM) controls this justification.
Figure 11-4 shows the operation of the A/D result justi-
fication. The extra bits are loaded with "0's’. When an
A/D result will not overwrite these locations (A/D dis-
able), these registers may be used as two general
purpose 8-bit registers.

FIGURE 11-4: A/D RESULT JUSTIFICATION

ADFM =1 ADFM =0
~ _A Y

7 2107 0

[0 ] ]

\___._‘Y___A-—-Y—v-—‘—J

ADRESH ADRESL ADRESH ADRESL
\ Yﬁ i \'__w_—.)
10-bit Result 10-bit Resuit
Right Justified

Left Justified

DS30292C-page 116
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151 DC Characteristics: PIC16F873/874/876/877-04 (Commercial, Industrial)
PIC16F873/874/876/877-20 (Commercial, Industrial)
PIC16LF873/874/876/877-04 (Commercial, Industrial)

Standard Operating Conditions (unless otherwise stated)
P'&%;Z;’:’ﬁ"::gﬂg; -04 Operating temperature  40°C < TA < +85°C for industrial
! 0°C < Ta s +70°C for commercial
PIC16FB73/874/8T6/877-04 ~ | Standard Operating Conditions (unless otherwise stated)
PIC16FB73/874/876/877-20 Operating temperature 40°C < TA < +85°C for industrial
* (Commercial, Industrial) ; S j ©.0°C.<Ta< +70°C for commercial
Param | Symbol Characteristic/ Min | Typt | Max | Units Conditions
No. Device
VDD | Supply Voltage
D001 16LFB7X | 20 — 5.5 V |LP, XT, RC osc configuration
{DC to 4 MHz)

D001 S 16F87X | 40 | — | 55 | V. [LP,XT, RC osc configuration
DOO1A | ST 45 55 | V :|HSoscconfiguration -
o SR IR ' Veor| | 55 | 'V ~|BORenabled, Fuax =14 MH2T .
(31,174 Vor | RAM Data Retention — 1.5 — v

Voltage!?
D003 VrPoR | VoD Start Voltage 1o — Vss — V | See section on Power-on Reset for

ensure internal Power-on details

Reset signal
0004 Svoo | Voo Rise Rate to ensure | 0.05 —_ —_ V/ms | See section on Power-on Reset for

internal Power-on Reset details

signai
D005 Vesor |Brown-out Reset 37 40 | 435 V {BODEN bit in configuration word

Voltage enabled

Legend: Rows with standard voltage device data only are shaded for improved readability.
+ Datain “Typ" column is at 5V, 25°C, unless otherwise stated. These parameters are for design guidance
only, and are not fested.
Note 1: This is the limit to which VDD can be lowered without losing RAM data.

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as I/O pin
loading, switching rate, oscillator type, intemal code execution pattern and temperature also have an impact
on the current consumption. :

The test conditions for alt IDD measurements in active operation mode are:
OSC1 = external square wave, from rail to rail; all HO pins tri-stated, pulled to VDD,
MCLR = VDD; WDT enabled/disabled as specified.

3: The power-down current in SLEEP mode does not depend on the osdillator type. Power-down current is
measured with the part in SLEEP mode, with all IfO pins in hi-impedance state and tied to VDD and Vss.

4: For RC osc configuration, current through REXT is not included. The current through the resistor can be esti-
mated by the formula Ir = VOO/2REXT {(mA) with REXT in kOhm.

5: Timer1 oscillaior (when enabled) adds approximately 20 pA to the specification. This value is from charac-
terization and is for design guidance only. This is not tested.

6: The A current is the additional current consumed when this peripheral is enabled. This current should be
added fo the base (DD or (PD measurement.

7: When BOR is enabled, the device will operate correctly until the VBOR voltage trip point is reached.

M
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40 DATA EEPROM AND FLASH
PROGRAM MEMORY

The Data EEPROM and FLASH Program Memory are
readable and writable during normal operation over the
entire VoD range. These operations take place ona sin-
gle byte for Data EEPROM memory and a single word
for Program memory. A write operation causes an
erase-then-write operation to take place on the speci-
fied byte or word. A bulk erase operation may not be
issuad from user code {which includes removing code
protection}.

Access to program memory allows for checksum calcu-
lation. The values written to program memory do not
need to be valid instructions. Therefore, up to 14-bit
numbers can be stored in memory for use as calibra-
tion parameters, serial numbers, packed 7-bit ASCII,
efc. Executing a program memory location containing
data that form an invalid instruction, results in the exe-
cution of a NOP instruction.

The EEPROM Data memory is rated for high erase/
write cycles (specification D120). The FLASH program
memory is rated much lower {specification D130),
because EEPROM data memory can be used to store
frequently updated values. An on-chip timer controis
the write time and it will vary with voltage and tempera-
ture, as well as from chip to chip. Please refer to the
specifications for exact limits (specifications D122 and
D133).

A byte or word write automatically erases the location
and writes the new value {erase before write). Writing
to EEPROM data memory does not impact the opera-
fion of the device. Writing to program memory will

cease the execution of instructions until the write is -

complete. The program memory cannot be accessed
during the write. During the write operation, the oscilla-
tor continues to run, the peripherals continue to func-
tion and interrupt events will be detected and
essentially “queued” until the write is complete. When
the write completes, the next instruction in the pipeline
is executed and the branch to the interrupt vector will
take place, if the interrupt is enabled and occurred dur-
ing the write.

Read and write access to both memories take place
indirectly through a set of Special Function Registers
(SFR). The six SFRs used are:

+ EEDATA
+ EEDATH
« EEADR

- EEADRH
EECON1
« EECONZ

The EEPROM data memory allows byte read and write
operations without interfering with the normat operation
of the microcontroller. When interfacing to EEPROM
data memory, the EEADR register holds the address to
be accessed. Depending on the operation, the EEDATA
register holds the data to be written, or the data read, at
the address in EEADR. The PIC16F873/874 devices
have 128 bytes of EEPROM data memory and there-
fore, require that the MSb of EEADR remain clear. The
EEPROM data memory on these devices do not wrap
around to 0, i.e., 0x80 in the EEADR does not map to
Ox00. The PIG1BFB76/877 devices have 256 byles of
EEPROM data memory and therefore, uses all 8-bits of
ihe EEADR.

The FLASH program memory allows non-infrusive
read access, but write operations cause the device to
stop executing instructions, until the write completes.
When interfacing to the program memory, the
EEADRH:EEADR registers form a two-byte word,
which holds the 13-bit address of the memory location
being accessed. The register combination of
EEDATH:EEDATA holds the 14-bit data for writes, or
refiects the value of program memory after a read oper-
ation. Just as in EEPROM data memory accesses, the
value of the EEADRH:EEADR registers must be within
the valid range of program memory, depending on the
device: 0000h to 1FFFh for the PIC18F873/874, or
0000h to 3FFFh for the PIC16F876/877. Addresses
outside of this range do not wrap around to 0000h (i.e.,
4000h does not map to 0000h on the PIC16F877).

41 EECON1 and EECON2 Registers

The EECONA register Is the control register for config-
uring and initiating the access. The EECONZ register is
not a physically implemented register, but is used
exclusively in the memory write sequence to prevent
inadverient writes.

There are many bits used to control the read and write
operations to EEPROM data and FLASH program
memory. The EEPGD bit determines if the access will
be a program or data memory access. When clear, any
subsequent operations wilt work on the EEPROM data
memory. When set, all subsequent operations wil
operate in the program memory.

Read operations only use one additional bit, RD, which
initiates the read operation from the desired memory
location. Once this hit is set, the value of the desired
memory location will be available in the data registers.
This bit cannot be cleared by firmware. it is automati-
cally cleared at the end of the read operation. For
EEPROM data memory reads, the data will be avail-
able in the EEDATA register in the very next instruction
cycle after the RD bit is set. For program memory
reads, the data wil be loaded into the
EEDATH:EEDATA registers, foflowing the second
instruciion afier the RD bit is set.

M
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1.1 A/D Acquisition Requirements After the analog input channel is selected {changed),
. ) ) this acquisition must be done before the conversion
or the A/D converter to meet its specified accuracy, can be started.

he charge holding capacitor (CHOLD) must be allowed
o fully charge to the input channel vollage level. The
analog input model is shown in Figure 11-2. The source
mpedance (Rs) and the internal sampling switch (Rss)
mpedance directly affect the time required to charge
he capacitor CHoLD. The sampling switch (Rss)

To calculate the minimum  acquisiion  time,
Equation 11-1 may be used. This equation assumes
that 1/2 LSb error is used {1024 steps for the A/D). The
1/2 LSh error is the maximum error allowed for the A/D
to meet its specified resolution,

mpedance varies over the device voltage (VDD), see To caiculate the minimum acquisition time, TACq, see
Tigure 11-2. The maximum recommended imped- the PICmicro™ Mid-Range Reference Manual
ance for analog sources is 10 kQ. As the impedance {DS33023).

is decreased, the acquisition ime may be decreased.

EQUATION 11-1:  ACQUISITION TIME

Tacg = Amplifier Seftling Time +
Hold Capacitor Charging Time +
Temperature Coefficient

Tamp + T + TCOFF
2us + T -+ [(Temperature -25°C)0.051s/°C))

Tc = CHOLD (RIC + RsS + RS} In(1/204T)
= - 120pF (1kQ + TkQ + 10k2) In(0.0004885)
= 16.47us
TacQ = 2us+ 16.47us - [(50°C -25°C)(0.05ps/°C)
| = 19.72ps

Note 4: The reference voitage (VREF) has no effect on the equation, since it cancels itself out.
Thed\argeholdlngcapautm(CHmn)tsnotdfschargedaﬂeread!mmetsnn
' 3 ﬂ\emaxmmmrecommmdunpedameforanabgsoumesas10k§11hs|stequlredtomeetﬂ1epmleak-
“age specification.

4: After a conversion has completed, a20TADdelayrmstmmpletebefomaoqmsmoncanbegmagam
- During this time, ﬂxetnldingcap@onsnolmleclndbmeseledndmmpmmamd . .

FIGURE 11-2; ANALOG INPUT MODEL

VoD ;
Sampling
VT = 0.6V , Switch
Ric<1k: S5 Rss
"“" : . L
"""""" CHAR capacita
= capacitance
vr=06v( | )L EACE = T20pF
_]'_VSS
Legend CPIN = inpuf capacitance p
VT = threshold voltage 5
1 LEAKAGE = leakage current at the pin due to VoD 4
various junclions 3
R = interconnect resistance 2
85 = sampling switch
CHoLD = gampie/hold capacitance {from DAC) . 567891011
: Sampling Switch
(kQ)
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LM35

Precision Centigrade Temperature Sensors

General Description

The LM35 series are precision integrated-circuit temperature
sensors, whose output voltage is linearly proportional to the
Celsius (Centigrade} temperature. The LM35 thus has an
advantage over linear temperature sensors calibrated in
* Kelvin, as the user is not required to sublract a large
constant voltage from its output fo obtain convenient Centi-
grade scaling. The LM35 does not require any external
calibration or trimming to provide typical accuracies of £14°C
at room temperature and +34°C over a full =55 to +150°C
temperature range. Low cost is assured by trimming and
calibration at the wafer level. The LM35's low output imped-
. ance, linear output, and precise inherent calibration make
- interfacing to readout or control circuitry especially easy. It
can be used with single power supplies, or with plus and
minus supplies. As it draws only 60 pA from its supply, it has
very low self-heating, less than 0.1°C in still air. The LM35 is
rated to operate over a -55" to +150°C temperature range,
while the LM35C is rated for a 40" to +110°C range (-10°
with improved accuracy). The LM35 series is available pack-

November 2000

aged in hermetic TO46 transistor packages, while the
LM35C, LM35CA, and LM35D are also avaiiagble in the
plastic TO-92 transistor package. The LM35D is also avail-
able in an 8-lead surface mount small outline package and a
plastic TO-220 packagse.

Features

m Calibrated directly in ° Celsius (Centigrade)
m Linear + 10.0 mV/"C scale factor

m (.5°C accuracy guaranteeable (at +25°C)

® Rated for full -55" to +150°C range

® Suitable for remote applications

® Low cost due 1o wafer-level trimming

® Operates from 4 to 30 voits

m Less than 60 pA current drain

m Low seif-heating, 0.08°C in still air

= Nonlinearity only £14°C typical

= |ow impedance output, 0.1 Q for 1 mA load

Typical Applications

+¥
4V 10 20V)

BUTPUT

M35 1™ 0 mv+10.0 aW/<C

*

DS005516-3

FIGURE 1. Baslc Centigrade Temperature Sensor
(+2°C to +150°C)

+¥5
]
LM35 Your
_L L)yl
-V
DS005516<4

Choose Ry = -Vg/50 pA

V our=+1,500 mV at +150°C
= 4250 mV at +25°C
= -550 mV at -55'C

FIGURE 2. Full-Range Centigrade Temperature Sensor

© 2000 National Semiconductor Corporation ~ DS005516
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Connection Diagrams

TO46
Metal Can Package*

BOTTOM VIEW
DS005518-1

*Case is connected to negative pin (GND)

Order Number LM35H, LM35AH, LM3ISCH, LM35CAH or
LM350H
See NS Package Number HO3H

TO-92
Plastic Package

[ +% vor axp

BOTIOM VIEW
. DS005516-2
Order Number LM35CZ,
LM35CAZ or LM35DZ
Sea NS Package Numbar Z03A

S0-8
Small Outline Molded Package

Your 1 ~7 B 4vg

NG — 2 THNC.

NG 13 3 = KA

GND = 4 5-NC.

Ds005518-21

N.C. = No Connaclion
Top View
Order Number LM35DM

See NS Package Number MOBA

TO-220
Plastic Package”

O

LM
35e1

g Vour
GND
DS005516-24

*Tab is connecied o the negative pin (GND).
Note: The LM35DT pinout i$ different than the discontinued LM3SDP.
Order Number LM35DT
See NS Package Number TAO3F

www.national.com




)solute Maximum Ratings (Note 10)

TO-92 and TO-220 Package,

Nilitary/Aerospace specified devices are required, (Soidering, 10 seconds) 260°C
i1se contact the National Semiconductor Sales Office/ SO Package (Note 12)
ributors for avallability and specifications. Vapor Phase (60 seconds) 215°C
Infrared {15 seconds 220°C
ply Voltage V-0 o Suscept(ibility (Note )11) 2500V
put Voltage Ve 0V Specified Operating Temperature Range: Ty to T
put Current 10 mA {Note 2) " MIN MAX
age Temp.; LM35, LM35A -55°C to +150°C
0-48 Package, ~60°C to +180°C LM35C, LM35CA -40°C to +110°C
J-92 Package, -60°C to +150°C LM35D 0°C fo +100°C
0-8 Package, -65°C to +150°C
0-220 Package, ~-65'C to +150°C
d Temp..
0-46 Package,
{Soldering, 10 seconds) 300°C
actrical Characteristics
s 1, 6)
LM35A LM35CA
Parameter Conditions Tested Design Tested Design Units
Typical Limit Limit Typical Limit Limit (Max.)
{Note 4) | (Note 5) {Note 4) | (Note 5)
acy T o=425°C 0.2 0.5 02 D5 ‘C
7) T A==10°C 0.3 +0.3 1.0 ‘C
T a=Thaax £04 1.0 0.4 1.0 °C
T a=Tram 10.4 +1.0 +0.4 15 ‘C
wearity T inST a8 Thaax +0.18 ' £0.35 10.15 +0.3 C
8)
 Gain T ST a<Thaax +10.0 +9.9, +10.0 +9.9, mvi°C
age Slope) +10.1 +10.1
Regulation T 4=+26°C 0.4 +1.0 04 1.0 mV/mA
3) 0<t <1 mA T ST s Trax $0.5 3.0 0.5 $3.0 mV/mA
Regulation T A=425°C 10.01 +0.05 +0.01 10.05 mviv
3 4V<V <30V 10.02 101 £0.02 0.1 mviiv
cent Current V g=+5V, +25°C 56 67 56 67 pA
9) V g=+5V 105 131 9t 114 pA
V g=+30V, +25°C 56.2 68 56.2 68 pA
V g=+30V 105.5 133 91.5 116 WA
ge of AV <30V, +25°C 0.2 1.0 0.2 1.0 HA
icent Current 4VV <30V 0.5 20 0.5 20 pA
3)
erature +0.39 +3.5 +0.39 +0.5 HASC
ictent of
icent Current
wim Temperature | In circuit of +1.5 +2.0 +1.5 +2.8 ‘G
ated Accuracy Figure 1, I, =0
Term Stability T =Thaac for +0.08 +0.08 C
100G hours

www.national.com
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Electrical Characteristics

(Notes 1, 6)
LM35 LM35C, LM35D
Parametor Conditions Tested Design Tested Deslgn Units
Typical Limit Limit Typical Limit Limit {Max.)
{Nota 4} | {Note 5) {Note 4) | (MNote 5)
Accuracy, T 5=+25'C 0.4 +1.0 0.4 +1.0 ‘C
LM35, LM35C T A=—10°C 0.5 0.5 1.5 C
{Note 7) T a=Theax +0.8 +15 +0.8 11.5 C
T a=Trun 0.8 +15 +0.8 12.0 °C
Accuracy, LM35D T =+25'C 106 15 ‘C
{Note 7) Ta=Trsx +0.9 20 C
Ta=Tun 0.9 2.0 c
Nonlinearity T panSTaSTrax 103 105 0.2 0.5 C
{Note 8}
Sensor Gain T ainST a8 Thaax +10.0 +9.8, +10.0 +9.8, mvi'C
{Average Slope) +10.2 +10.2
Load Regulation T ,=+25°C 0.4 +2.0 10.4 20 mvimA
(Note 3) 0=, <1 mA T ST A< Tax tos 5.0 0.5 5.0 mVv/mA
Line Regulation T A=+26°C 0.1 *0.1 10.01 0.1 mviv
{Note 3) 4VeV <30V +0.02 0.2 £0.02 0.2 mviv
Quiescent Current V g=+8V, +25°C 56 80 56 80 WA
(Note 9) V g=+5V 105 158 91 138 uA
V =+30V, +25°C 56.2 82 56.2 82 HA
V g=+30V 105.5 161 91.5 141 pA
Change of 4V <30V, +25°C 0.2 20 0.2 20 HA
Quiescent Cument 4VsV <30V 0.5 3.0 0.5 3.0 PA
(Note 3)
Temperature +0.39 +0.7 +0.39 +0.7 pASC
Coefficient of
Quiescent Current
Minimum Temperature | In circuit of +1.5 +2.0 +1.5 +2.0 ‘C
for Rated Accuracy Figure 1, 1.=0
Long Term Stability T 4= T for +0.08 20.08 <
1000 hours

Note 1: Unless otherwise noted, these specifications apply: -55'C<T<+150°C for the LM35 and LM35A; -40°<T <+110°C for the LM35C and LM3SCA; and
0°ST<+100°C for the LM3SD. Vg=+6Vdc and Ioap=50 1A, in the circuit of Figure 2. These specifications also apply from +2°C to Tyax in the circuit of Figure 1.
Specifications in boldtace apply over the fuil rated temperature range.

Note 2: Thermal resistance of the TO-46 package is 400°C/W, junction to ambient, and 24'C/W junction to case. Themmal resistance of the TO-92 package is
180"C/W junction to amblent. Thermal resistance of the smail outline molded package is 220°C/W junction to ambiant. Thermeat resistance of the TO-220 package
is 90°CYW junction to ambiantj For addiional thenwnal resistance information see table in the Applications section.

Note 3: Regufation is measured af constant junction femperature, using pulse testing with a fow duty cycfe. Changes in oufput due to healing effects can be
computed by muftiplying the intemal dissipation by the thermal resistance.

Note 4: Tested Limits are guaranteed and 100% tested in production.

Note 5: Design Limits are guéranheed (but not 100% production tested) over the indicated temperature and supply vollage ranges. These limits are not used to
calculate outgoing quality levels.

Note 6: Specificaions in boldface apply over the full rated temperature range.

Note 7: Accuracy is defined as the emor between the cutput voltage and 10mv/"C times the device's case temperature, at specified conditions of voitage, cument,
and temperature (expressed in “C).

Nots B: Nonlinearly is defined as the dsvislion of the output-vollage-versus-temperaiure curve from the best-fit siraight line, over the davice's rated lemperature
range.

Note 9: Quiescant current is defined in the circuit of Figure 1.

Note 10: Absolute Maxitmum ﬁaﬁngs Indicate limits bayond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its rated op;eratlng conditions. See Note 1.

Note 11: Human body model; 100 pF discharged through a 1.5 ke resistor.

Note 12: See AN-450 “Surfapa Mounting Methods and Their Efiect on Product Reliabifity” or the section fitied “Surace Mount” found in a cument National
Semicenductor Linear Data Book for other methods of soldering surface mount devices.

www.national.com 4




pical Performance Characteristics

rmal Resistance Thermal Time Constant Thermal Response
ction to Air ® In Still Air
4o o 120
g > Z
300 8 y.
E = § 4
20 2 » g @
048 ; 15 k41048 g a
- _Emz = 1: E
NS , (el T g o
] { I 0 400 800 1200 1600 2000 -2
0 M0 B0 1200 1600 2000 AIR VELOCITY (FPM) ] 2 ] 5 ]
AR VELOCITY (FPMW) DE00558.26 TIME (MINUTES)
DS005516-25 D80G5516-2T
rmal Response in Minimum Supply Quiescent Current
red Qil Bath Voltage vs. Temperature vs. Temperature
120 a4 T (In Circuit of Figure 1.)
* 100 a2 TYRCAL #J 160
0 P p o 40 fpur =2.0 ™8 - 140
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o | P £ 36 % i y.
!! [ 1 e g a4 A i é b
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escent Current Accuracy vs. Temperature Accuracy vs. Temperature
Temperature (Guaranteed) (Guaranteed)
Circuit of Figure 2.) 2a 25
& . . 1 1
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Typical Performance Characteristics (continued)

Noise Voltage
1500
1400
g
N
= 1800
x
z
2 600
o
z
400
200
a
19 100
FREQUENCY (Hz)
6-34
. .
Applications

The LM35 can be applied easily in the same way as cther
integrated-circuit temperature sensors. It can be giued or
cemented to a surface and its temperature will be within
about 0.01°C of the surface temperature.

This presumes that the ambient air temperature is almost the
same as the surface temperature; if the air temperature were
much higher or lower than the surface temperature, the
actual temperature of the LM35 die would be at an interme-
diate temperature between the surface temperature and the
air temperature. This is expecially true for the TO-82 plastic
package, where the copper leads are the principal thermal
path ta carry heat into the device, so its temparature might
be closer to the air temperature than to the surface tempera-
ture.

To minimize this problem, be sure that the wiring to the
LM35, as it leaves the davice, is held at the same tempera-
ture as the surface of interast. The easiest way to do this is
to cover up these wires with a bead of epoxy which wil
insure that the leads and wires are all at the same tempera-
ture as the surface, and that the L35 die's ternperature wil
not be affected by the air temperature.

Start-Up Response

Vi
r

,
32

v

Your (V)
P

g 10 20 30 4¢ 50 60

TIME (microseconds)
DS05516-35

The TO-46 metal package can also be soldered to a metal
surface or pipe without damage. OF course, in thal sase the
V- terminal of the circuit will be grounded to that metal.
Alternatively, the LM35 can be mounted inside a sealed-end
metal tube, and can then be dipped into a bath or screwed
into a threaded hole in a tank: As with any IC, the LM35 and
accompanying wiring and circuits must be kept insulated and
dry, to avoid leakage and corrosion. This is especially true if
the circuit may operate at cold temperatures where conden-
sation can ocour. Printed-circuit coalings and vamishes such
as Humiseal and epoxy paints or-dips are often used to
insure that moisture cannot corrode the LM35 or its connec-
tions.

These devices are sometmes soldered to a small
light-weight heat fin, to decrease the thermal time constant
and speed up the response in siowly-moving air. On the
other hand, a small thermal mass may be added to the
sensor, (o give the steadiest reading despite smail deviations
in the air temperature.

Temperature Rise of LM35 Due To Self-heating (Thermal Resistance,9 N

TO-48, TO-46, TO-82, TO-92*, 808 soa" TO-220
no hoeat amall haat fin no heat small haat fin no heat amall heat fin no heat
sink sink sink sink
SHER gl 400°CW 100°CIwW 180°CIW 140°CIW 2000w 110°'C/W [ ia el
Moving air 100°C/W a°CW o0'CW TO'CW 105°CW 90'CW 26'C/W
Still oll 100°CIW 40°'CW 0"CW TOCW
Stimed oil 50°C/w 0°CAV 45'CW 40'C/W
{Clamped 1o metal,
Infinite heat sink} (24'C/W) (55'CW)

“Wakefield type 201, or 1" disc of 0.020" sheet brass, soldered to case, or similar.
~TO-92 and SO-8 packages glued and leads soldered to 1™ square of 4/16" printed circuit board with 2 oz. foil or similar.

www.national.com
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pical Applications

ot HEAY GUMEITIVE LGAD, WIRING, ETL.
2
(T TO A HGHMPEBANCE LOAD
TRUOEHED

URE 3. LM35 with Decoupling from Capacitive Load

HEAVY CAPLITIVE LOAD, WIRING, ETC.
o -

Lus5

r—-
1
|
AFBYPASS Lo
OPTIONAL ~T™ = 7
1
|
1
|

DS005516-20

FIGURE 4. LM35 with R-C Damper

JACITIVE LOADS

most micropower circuits, the LM35 has a limited ability
rive heavy capacitive ivads. The LM35 by itseff is able to
e 50 pf without special precautions. If heavier loads are
cipated, it is easy to isolate or decouple the load with a
stor; see Figure 3. Or you can improve the tolerance of
acitanice with a serles R-C damper from ouiput to
ind; see Figure 4.

in the LM35 is applied with a 200Q load resistor as
anin Figure 5, Figure 6 or Figure 8it is relatively immune
iifing capacitance because the capacitance jorms a by-
s from ground to input, not on the output. However, as
: any linear circuit connected to wires in a hostile envi-
nent, its performance can be affected adversely by in-
ie efectromagnetic sources such as refays, radio frans-
ars, motors with arcing brushes, SCR transients, etc, as
wiring can act as a recelving antenna and its intemal
tions can act as recfifiers. For best resuits in such cases,
ypass capacitor from V,, to ground and a series R-C
per such as 75Q in series with 0.2 or 1 wF from output to
snd are often useful. These are shown in Figure 13,
sre 14, and Figure 16.

5

Vour =10 mV/°C (Tampieny +1°C)
‘;’C: FROM +2°C T3 +40°C

DS00E5168-5

FIGURE 5. Two-Wire Remote Temperature Sensor
(Grounded Sensor)

OR 10k RHEOSTAT
FOR GAIN ABNIST

FIGURE 6. Two-Wire Remoto Temperature Sensor

6.8k

5% 200
1%

{Output Referred to Ground)
+Vs
|
LM35 +
} Sorgr

v

1NHA
£ 1Bk
:b K

B3005516-7
FIGURE 7. Tomperature Sensor, Single Supply, ~55° to
+150°C
P
) A
0.1,5F _:_%
BYPASS
OFTIONAL — |

FIGURE 8. Two-Wire Remote Temperature Sensor
{Qutput Referred to Ground)

206
1%

AAA

Vouy=«10 mV/°G (Tpmgewy +1°C)
FROM +2°C TO +40°C

Vou =10 PY/“C (TamgieiT +10°C)
FROM —5°C ta +40°C

_T T—N—+svw+3w

DS005518-6

DEI0EEH16-8

>
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2R2907 }_—1 ]
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ouY ouT :
LM35 M3t
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- bR K0J
.
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FIGURE 9. 4-To-20 mA Current Source {¢°C to +100°C)
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APPENDIX E

e mrr————
FAIRCHILD
I

SEMICONDUCTOR?®

TIP120 DATASHEET

TIP120/121/122

Medium Power Linear Switching Applications
« Complementary to TIP125/126/127

TO-220

1.Base 2.Collector 3. Emilter

NPN Epitaxial Darlington Transistor

Absolute Maximum Ratings 1.=25°C uniess otherwise noted Equivalent Circuit
Symbot Paramotar . Valus Units S
Veeo Collector-Base Voltage  : TIP120 60 v
(TiP124 80 v
1TIPf22 100 V']
Veeo Coliector-Emitter Vohage : TIP120 60 R
:TIP121t 80 v
1 TIP122 160 A
Vego Emitter-Base Voltage 5 \)
IC Collector Current (DC) 5 A Rl =BkQ ‘E
Icp Collector Current (Pulse) 8 A R2=0.12k0
lg Base Current (DC) 120 mA
Pe Collector Dissipation (7,=25°C) 2 W
Collector Dissipation (T¢=25°C} 65 w
Ty Junction Temperature 150 °C
Tste Storage Temperature - 65~ 150 °C
Electrical Characteristics T.=25°C unless otherwise noted
Symbol Parameiar Test Conditlon Min. | Max. | Units
Veeolsus) Collector-Emitter Sustaining Voltage
:TIP120 Ic=100mA, lg=0 60 v
T TIP129 80 v
:TIP122 100 vV
'{CEO Coltector Cut-off Current
:TIP120 Ve =30V, ig=0 05 mA
: TiPt21 Vg =40V, Ip=0 05 | mA
:TIP122 Vop =50V, Ig= 0 05 | mA
Iceo Cotlector Cut-oft Current
: TIP120 Ve =80V, lg=0 02 | mA
:TIP121 Vep =80V, Ig=0 0.2 mA
1 TIP122 Veg = 100V, g =0 0.2 { mA
lego Emitter Cut-off Current Ve =5V, ig=0 2 mA
hep * DC Current Gain Veg= 3Vl = 0.5A 1000
Vep=3V, Ig=3A 1000
Vee(sat) * Collector-Emitter Saturation Voltage o= 34, Ilg= 12ZmA 20 v
: Ig = 5A, Ig = 20mA 4.0 v
Vge(on) * Base-Emitter ON Voltage Ve =3V, Ig=3A 25 v
Cop Qutput Capacitance Vg = 10V, lg= 0, = 0.1MHz 200 pF

* Pulse Test: PW<300s, Duly cycle <2%

#2001 Falrchild Semiconducter Carporation
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Typical characteristics
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Package Demensions
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APPENDIX G

]
EAIRCHILD TIP127 DATASHEET
SEMICONDUCTOR®
TIP125/126/127
Medium Power Linear Switching Applications
+ Complementary fo TIP120/121122
1 : T0-220
t.Base 2.Collector 3.Emitter
PNP Epitaxial Darlington Transistor
Absolute Maximum Ratings 1.=25°C unless otherwise noted ‘
Equivalent Circuit
Symboi Parameter Value Units G
Veeo Collector-Base Voltage : TiP125 -60 v o
:TIP126 -80 A
(TIP127 - 100 \' B
Coliector-Emitier Voltage : TIP125 - 60 A"
VCEO :TIP126 - 80 \'J —K
i TIP127 - 100 v
VEso Emifter-Base Voltage -5 v A —
le Coltector Current (DC) -5 A Rt Rz &
Icp Collector Current (Pulse) -8 A gé :gﬁgm E
g Base Current (DC) -120 mA
Pe Collector Dissipation {T;225°C) 2 W
Collector Dissipation {T=25°C) 65 w
Ty Junction Temperature 150 °C
Tstg Storage Temperature -65~150 °C
Electrical Characteristics 7¢=25°C unless otherwise noted
Symbol Parameter Test Condition Min. | Max. | Units
Veeolsus) Collector-Emitter Sustaining Yoltage
: TIP125 Ig=-100mA, I =0 60 v
:TIP126 -80 v
- TIP127 -120 A
lceo Collector Cut-off Current
1 FIP125 Vep=-30V, 1g=0 2 | mA
1 TIP126 Vep=-40V, [g=0 -2 mA
1 TIP127 Veg = -50V, ig= 0 2 | mA
leBo Caollector Gut-off Current
1 TIP125 Veg =60V, Ig=0 4 | ma
:TIP126 Veg=-80V, =0 -1 mA
(TIP127 Veg=-100V, Ig=0 4 | mA
IEBO Emitter Cut-off Current VBE = .5V, |c =0 -2 mA
heg * DC Current Gain Vep = -3V, I = 0.5A 1000
VCE = -3V, |c = -3A 1000
Vep(sat) * Collector-Emitier Saturation Voltage lo=-3A, Ig=-12mA 2 v
lg=-5A, Ig=-20mA 4 v
Vgelon) * Base-Emitter ON Voltage Ve = -3V, Ig=-3A -2.5 v
Cob Qutput Capacitance Veg=-10V, =0, f= 0.1MHz 300 pF
“Pulse Test . DWs300us, Duly cycle L%
©2001 Fatrehiid Semiconducter Corporation Rev. A1, June 2001
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Typical Characteristics
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Package Demensions
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APPENDIX H
e
EFAIRCHILD 2N2222 DATASHEET

SEMICONOUCTOR®

PN2222

General Purpose Transistor

1. Emiuer 2. Base 3. Colleclor
NPN Epitaxial Silicon Transistor

Absolute Maximum Ratings T.=25°C untess otherwise noted

Symbol Parameter Value Units
Veeo Collector-Base Voltage 60 v
Vego Collector-Emitter Voltage 30 \)
VEepo Emitter-Base Voltage 5 v
ic Collector Current 600 mA
Pe Celiector Power Dissipation 625 mW
Ty Junction Temperature 150 °C
Tete Storage Temperature -55 ~ 150 °C

Electrical Characteristics 1,=25:C untess otherwise noted

Symbol Parametey Test Condition Min. Max. Units
BVcpo Collector-Base Breakdown Voltage 1g=10pA, 1g=0 60 Vi
BVceo Collector Emitter Breakdown Voltage | Ic=10mA, I5=0 30 V'
BVego Emitter-Base Breakdown Voliage lg=10pA, |c=0 5 \
\ceo Colfestor Cut-off Cumrent Wep=50V, |g=0 0.01 vy
lepo Emitter Cut-off Current Veg=3V, =0 10 nA
hee DC Current Gain Vee=10V, 1c=0.1mA 35

Vee=10V, *lc=150mA 100 300
Vg (sat) | * Collector-Emitter Saturation Voltage | 1c=500mA, 5=50mA 1 A
Vge (sal) | * Base-Emitter Saturation Voltage Iz=500mA, 1z=50mA 2 v
fr Current Gain Bandwidth Product V=20V, 1z=20mA, =100MHz 300 MHz
Cop Output Capacitance Veg=tWV, (=0, =16z 8 - pF

“Pulse Test. Puise Widin<200ps, Duly Cyde<2%

©2004 Fairchild Semiconductar Corporation Rev. A, November 2004

CZCINd



Package Dimensions
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SEMICONDUCTOR® APPENDIX I

KA78XOUKAT78XXKAs ATASHEET

3-Terminal 1A Positive Voltage Regulator

www.fairchildsemi.com

Features Description

+ QOutput Current up to 1A The KAT8XX/KA?8XXA series of three-terminal positive
+ Output Voltages of 5, 6, 8, 9, 10, 12, 15, 18, 24V regulator are available in the TO-220/D-PAK package and
» Thermal Overload Protection with several fixed output voltages, making them useful in a
» Short Circuit Protection wide range of applications. Each type employs internal

+ Output Transistor Safe Operating Area Protection current limiting, thermal shut down and safe operating area

protection, making it essentially indestructible. If adequate
heat sinking is provided, they can deliver over 1A output
current. Although designed primarily as fixed voltage
regulators, these devices can be used with external
componenis to obtain adjustable voltages and currents.

TO-220

1. Input 2. GND 3. Output

internal Block Digram

INPUT SERIES oYTRFUT
-2 PASE -0
1 ELEMENT 3
CURRENT SOA ‘::’
GENERATOR PROTECTION > 3
STARTING REFERENCE EAROR
CIRCUIT VOLTAGE AMPLIFIER
s
THERMAL -4
PROTECTION
any
o .-
2

Rev. 1.0.0

©2001 Fairchild Semiconductor Corporation
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Absolute Maximum Ratings

Parameter Symbot Vatue Unit
Input Voltage (for Vo = 5V to 18V) Vi 35 \'
{for VO = 24V) Vi 40 v

- Thermal Resistance Junction-Cases (TO-220) ReJC 5 ‘cw
Thermal Resistance Junction-Air (TO-220) ReJA 65 ‘CW
Operating Temperature Range (KA78X0UA/R) TOPR D~ 4125 C
Storage Temperature Range TSTG 65 ~ +150 °‘c

Electrical Characteristics (KA7805/KA7805R)
(Refer to test circuit ,0°C < Ty < 125°C, l0 = 500mA, Vi =10V, Ci= 0.33pF, CO=0.1pF, unless otherwise specified)

. KA7805 ]
Parameter Symbol Conditions Unit
Min. | Typ. | Max.
Ty=+25°C 48 [ 60 | 52
Output Voltage Vo | 50mA<lo<10APo<15W y
V=7V o 20V 475 | 50 | 525
. . i Vo =7V io 25V - 40 | 100
Line Regulation (Notet) Regline | Tu=+26°C mv
Vi=8Vioi2v - 16 | 50
Load Regulation (Note?) | Regload | Tyms25°c | \Q_oOMALOLSA | - | 9 LT} oy
10 =250mA to 750mA - 4 50
Quiescent Current la TJ=+25°C - 50 | 80 | mA
Quiescent Current Change Alg 10 = 5mA to 1.0A - |003] 05 mAa
V= 7V to 25V - 03| 13
Output Voltage Drift AVO/AT | lo=5mA - |08]| - {mw°C
Output Noise Voltage VN f= 10Hz to 100KHz, TA=+25°C - 42 - | uwhio
Ripple Rejection RR | Lo 20 1av 62 73| - | o8
Dropout Voliage VDrop | 10 =1A, Ty =+25°C - 2 - v
Output Resistance ro f= 1KHz - 15 - mQ
Short Circuit Current Isc Vi= 35V, TA=+25°C - 12301 - mA
| Peak Current PK ] TJ=+25°C - 22 - | A
Note:

1. Load and line reguiation are specified at constant junction temperature. Changes in Vp due fo heating effects must be taken
into account separately. Pulse testing with low duty is used.
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Electrical Characteristics (KA7805A)

(Refer to the test circuits. 0°C < Ty < +125°C, lo =1A, V3= 10V, C 1=0.33pF,; C 0=0.14F, unless otherwise speci-
fied)

Parameter Symbol Conditions Min. | Typ. | Max. Unit
TJ=+25°C 49 5 5.1
Output Voltage Vo 10 =5mAto 1A, PO < 15W 48 5 52 v
| V[ = 7.5V to 20V e '
V| = 7.5V to 25V
lo = 500mA - 5 | %0
.‘ Line Reguiation {Note1) Regline | Vi=8Vto 12V - 3 50 mv
Vi= 7.3V 1o 20V - 5 50
T4=425°C |—
Vi= 8V 1o 12V - 1.5 25
- T4 =+25°C - ,
_ - 2] 100
Load Regulation (Note1) | oo lo = SmA to 1.5A mv
9 i0=5mAto 1A - 9 100
- I = 250mA to 750mA - - 4 | BO
Quiescent Current [} TJ=+25°C - 5.0 8.0 mA
_ Io =5mA to 1A - - 05
‘C}:;S;:“t Current Ao |[Vi=BVio28V,lo=500mA | - [ 08 | ma
Vi=7.5Vto 20V, Ty =+25°C - - 0.8
~ Qutput Vottage Drift AVIAT | lo=5mA - | -D.B - mvi°C
Output Noise Voltage VN fl': 1=0+2; E,%mOKHZ - 10 - uvio
i _ f= 120Hz, Io = 500mA i X
Ripple Rejection RR |y =8V o 18V - | 68 | - d8
Dropout Voitage VDrop | l0=1A, Ty=+25°C - 2 - v
Qutput Resistance ! (10} f=1KHz - | 17| - . mQ
Short Circuit Current Isc VI= 35V, TA =+25°C - 250 - mA
Peak Current IPK TJ= +25°C - 22 - A
Note:

1. Load and line reguiation are specified at constant junction temperature. Change in VQ due to heating effects must be taken
into account separately. Pulse testing with low duty is used.

"
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Typical Applications

KATEXX
input Qutput
2
L .
03%F (A2
m
Figure 5. DC Parameters
o ! KATSXX LA 0
Input Qutput
Z0pF
2 R {1
J. " Vo
2NN A —O Vo ﬂ_ w
OREQ. o Wps
o 0
m
Figure 6. ioad Regulation
510 1 s
o AN ,
Input -|- KA78XX Cutput
LN

Figure 7. Ripple Rejection

™ 1 T

Figure 8. Fixed Output Regulator
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APPENDIX J

DC FAN DATASHEET
Socket Type Socket 370, 462
Heat Sink Dimension 80x77x45 mm & Cu. Base
Heat Sink Material Aluminum Extrusion fin with copper base
Fan Dimension 80x80x32 mm
Fan Speed 2,000 rpm
Fan Airflow 32.5 CFM
Fan Air Pressure 1.84 mm. H20
Fan Life Expectance 40,000 hrs
Bearing Type Riffle Bearing
Voltage Rating 7~13.2V
Noise Level 20dBA
Connector 3 Pin
Weight 420 g
Thermal Resistance Rja 0.53573 C/W
Application AMD XP Athlon 3400+ and higher
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