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ABSTRACT

The objective of this project is to design a confined space which can heat or cool the
items as required. The mechanism used for cooling and heating is the Peltier Effect
Device whereby a normal refrigerant (e.g. gases or water) as the thermal media is not
used in the design. Peltier effect device are made of an N and P type semiconductors that
are joined together by metal contact to form a junction that can perform cooling on one
side while heating on the other side. The literature review aids better understanding of
the project title. Analysis stage helps in problem solving thus decision making process.
Tools identification is essential to determine the equipments and software needed in this
project. The project is developed using a set of defined procedures and is illustrated more
vivid in a logic flowchart. H-Bridge circuit analysis has been carried out with the
calculated values of resistors in order to obtain the final working circuit. The temperature
controller will consists of temperature sensor which is LM35 and microcontroller PIC
16¥877. The coding of the PIC program has been finalize and programmed. Heat transfer
calculation has also been calculated. The container that will be used for the prototype is
400ml thermos with double wall for temperature retention. The Peltier is attached at the
lid of the container where a hole has been made. The temperature sensor is placed near
the Peltier. Between the Peltier and the heat sink, thermal paste is applied evenly to help
removing the heat faster. Then, a 12V fan is glued on top of the heat sink. This prototype

can cool down to 10°C for cooling and go up to 60°C for heating.
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CHAPTER 1
INTRODUCTION
1.1 BACKGROUND OF STUDY

Not so long ago there appeared new cooling devices-semiconductor coolers which utilize
the Peltier effect. The given effect was called after a French watchmaker, Jean Charles
Athanase Peltier (1785-1845.), who discovered it in 1834. Peltier discovered that the
passage of a current through a junction formed by two dissimilar conductors caused a
temperature change. This device has a dua! purpose: electric generation on one side and
cooling/heating on the other. Cooling or heating is achieved by applying electric current.
Thermoelectric materials have very aftractive features such as small size, simplicity,
efficiency, convenient and reliability [1]. Furthermore a thermoelectric micro éoolcr isa
potential candidate for decreasing the operating temperature locally as well as absorbing
the heat. The aim of this project is to design and construct a prototype of a confined space
which can heat or cool item as required based on bulk semiconductor materials made
from bismuth-telluride that is doped appropriately to make P or N type semiconductor-
Peltier Effect Device. Such a device contains no moving parts or harmful refrigerants
such as CFCs [1]. Without moving parts, thermoelectric coolers are inherently more
reliable and require little to no maintenance. The lack of refrigerants carries obvious
environmental and safety benefits. This also allows for the manufacture of tiny
thermoelectric coolers making them most suitable choice for today’s microelectronics.
For this project, the Peltier Effect Device is used. The Peltier effect is the driving force
behind the thermoelectric cooler or TEC for short. The Peltier Effect is caused by the fact
that an electric current is accompanied by a heat current in a homogenous conductor even
at constant temperature. Therefore, when an electric current passes through the junction
of two dissimilar metals, a cooling or heating effect occurs. The desired direction of heat

flow can be controlled by altering the direction of the current flows [4].
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1.2 PROBLEM STATEMENT

This project undertakes to design a cooling/heating system of a small area of confined
space whereby a normal refrigerant (e.g. gases or water) as the thermal media is not used.
Instead, Peltier Effect Device is introduced for this cooling/heating of a confined space

system. Peltier Effect Device uses thermoelectric concept in application.

The aim of this project is to design a confined space which is applicable in daily life, and to
narrow down the scope, specifically in Malaysia. The suggested design is to make a prototype of

a portable food container/confined space which can heat or cool items as required.

1.3 OBJECTIVE AND SCOPE OF STUDY

. To have a theoretical review on Peltier Effect Device, its function, advantages,
disadvantages and application.

. To design and simulate the proper circuit for the thermoelectric circuit.

» To design and construct a prototype of a portable food container/confined space

which can heat or cool items as required.
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CHAPTER 2

LITERATURE REVIEW/THEORY

2.1 Peltier Devices

Peltier effect device are made of an N and P type semiconductors that are joined together
by metal contact to form a junction that can perform cooling on one side while heating on
the other side. At the cold junction, energy (heat) is absorbed by electrons as they pass
from a low energy level in the p-type semiconductor element, to a higher energy level in
the n-type semiconductor element. Figure 2.1 explains how this device works. The power
supply provides the energy to move the electrons through the system. At the hot junction,
energy is expelled to a heat sink as electrons move from a high energy level element {n-

type) to a lower energy level element (p-type) [1].

COLD

HEAT

Figure 2.1: Usage of semiconductors of p- and n-type in thermoelectric coolers.

Combination of many pairs of p- and n-semiconductors allows creating cooling units -

Peltier modules of relatively high power as shown in Figure 2.2
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cold side

semiconductor i
.. conductor

of p-type - ;
serriconductor’ {copper)
of n-type isolator

{caramics)

Figure 2.2: Structure of a Peltier module

When switching on the current of the definite polarity, there forms a temperature
difference between the radiators one of them warms up and works as a heat sink, the
other works as a refrigerator. In case of usage of semiconductors of p- and n- types the

effect becomes more vivid.

Figure 2.3: Peltier modules

A typical module as shown in Figure 2.3 provides a temperature difference of several
tens degrees Celsius. With forced cooling of the hot radiator, the second one can reach
the temperatures below 0 Celsius. For more temperature difference the cascade

connection is used as in Figure 2.4
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Figure 2.4: An example of cascade connection of Peltier modules

The cooling devices based on Peltier modules are often called active Peltier refrigerators

or Peltier coolers.

Peltier modules are very reliable; they have not got any moving parts, unlike refrigerators
constructed according to the traditional technology {2]. This technology is compact,
totally integrated, and self-contained, and it offers exemplary performance. It solves
problems with prior devices by creating a microscopic system that is robust and suitable

for use in a variety of applications.

o Versatile: This device has fewer toxicity and flammability concerns, which
allows use of alternate refrigerants that cannot used in existing systems. It can
heat as well as cool.

+ Small and lightweight: The unit is extremely compact and lightweight

» Efficient: The unit requires very low power.

« Interconnectable: Devices can be stacked to create a high-temperature lift
system, to cool large-scale systems, and/or to function in applications requiring
robust and/or redundant operation.

« Lower cost: The higher efficiency and lower power requirements of this device

result in lower operating costs.

But despite all the mentioned advantages, Peltier modules have some specific features,
which must be taken into account when using as a part of a cooling unit. The most

important characteristics are:
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o The modules, dissipating much heat, require the relative fans and heat sinks which
would manage to carry off the heat effectively. We should notice that the
thermoelectric modules have a quite low performance factor and they are
themselves a powerful source of heat. The usage of these modules might cause
overheating of the other components inside the system block. That is why it is
necessary to install additional cooling systems inside the block. In case of the
module's failure the cooler becomes isolated from the cooled element. It might
lead to fast overheating of the latter.

¢ Low temperatures might cause moisture condensation. This might lead to short
circuits between the elements. That is why you should use the modules of the
optimal power. Moisture condensation depends on the temperature inside the
system block, the temperature of the cooled device and air moisture. The warmer

air is and the more moisture is, the condensation is more probable.
2.2 H-Bridge circuit

TEC control requires a reversible power source capable of providing positive and
negative voltages. To accomplish this from a single supply, an H-bridge circuit can be
used. H-bridge circuit can perform functions such as turn on, off and switching direction

for purpose of cooling and heating of Peltier modules.

Based on clockwise and counterclockwise circuitry, H-bridge circuit uses Darlington
power transistor to amplify the circuit provided to the connection connected to the
thermoelectric and also to reduce cost and simplify the circuit. Forward losses are
typically 1 to 2 volts, and since the current must pass through two transistors, expect
losses to total up to 4 volts at a maximum current. The 4 Darlington transistors need to be

heat sunk based on the expected current and duty cycle.
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2.2.1 Voltage Regulator

A voltage regulator LM7805 is used in this circuit to step down the supply voltage from
12V to 5V. Voltage regulator is the best alternative to step down the supply input voltage
compared to voltage divider method since it can reduce the number of components used
and produce more precise output. A voltage regulator has only three legs and appears to
be a comparatively simple device but it is actually a very complex integrated circuit.
Voltage regulators are very robust. They can withstand over-current draw due to short
circuit and also to over heating. In both cases, the regulators will shut down before
damage occurs. The only way to destroy a regulator is to apply reverse voltage to its

input.
2.2.2 Transistor

In order to make the Peltier to act as a cooler or heater, the circuit must be constructed in
forward and reverse connection. The H-bridge connection is the most appropriate circuit
for this type of condition. It is because the transistor acts as a switch in clockwise and

counter clockwise connection. Figure 2.5 shows the bipolar junction transistor.

NPN PNP
[ C
o (o]
o p
L Ve _+ + Iy Ve =] -
B“-b“' ) Ve B St ) Vi
* - - +
A\ I Vs
- E + L
Lv )
E E

Figure 2.5: BJT Transistor

The work of the transistor as a switch will be used to control the thermoelectric device in
two-direction circuit. The transistor is a three-layer semiconductor device consisting two
N- and one P- or two p- and n-type layer of material. The former is called an NPN
transistor, while the latter is called the PNP transistor. For the biasing, the terminals have
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been indicated as emitter, collector and base. To show the calculation, by applying

Kirchoff’s law we obtain
I,=1.+1, 2.1)

The important basic relationship for a transistor

Vi =07V
I =(B+DI, =1, 2.2)
I.=1,

Figure 2.6 shows fixed bias circuit on the transistor. When a current is provided to the

collector, and to the base, it will act as a switch.

Figure 2.6: Fixed bias circuit

Forward bias of base emitter

Vee —13Ry —Vp =0
Veg = VCC' ~ 1R,

I = (Vc _VBE) ’ (2'3)
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Collector emitter loop for the use of the transistor

VCE = Vc
Ic = ﬂIB
Ver =V =V g 24)
Veg + 1R =V =0
VBE = VB

For the transistor to act as a switch, the transistor will be open and close like a switch.
The transistor is in the cutoff region when the base-emitter junction is not forward bias.
Neglecting leakage current, all the current are zero and ¥V, is equal to V.. The
saturation will make the current flow to the transistor and act as a close switch. When the
base emitter junction is forward bias and there is enough base current, the transistor is

saturated. The formula for collector saturation current is

I - VC'C _ VCE sat
Csat — R
C

(2.5)

Since V., is very small compared to¥,., it can usually be neglected. The minimum
value of base current needed to produce the saturation is
Ly =22 26)
pDC
I, should be significantly greater than /,min to keep the transistor well in saturation.

Figure 2.7 shows the connection on Darlington transistor. Darlington transistors amplify
the current by amplifying the gain.
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Figure 2.7: Darlington transistor

A single transistor permits the small current from a logic gate (such as an output of a
microprocessor) to control a much higher current. A “Darlington pair” (two transistors
connected as shown) can deliver an even higher output current. The Darlington have gain

twice the normal transistor

Bowa =B x B, 2.7)

Table 2.1: Truth table of H-Bridge circuit

Input Output
A B A B
0 0 Float
1 0 1 0
0 1 0 1
1 1 1 1

Table 2.1 shows the logic use in the thermoelectric circuit. When switch A input is given,
the output A will be out. When the switch B input is given, the switch A will be closed
and the output B will be produced. The connection of the H-Bridge circuit is shown in

Figure 2.7:

10
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Figure 2.7: H-Bridge circuit

From Figure 2.7, operation with logic signals greater than the pelitier supply voltage is
allowed and absorbed by R7 and R8. The circuit is really intended to be operated with
CMOS logic levels, logic high being about 4 volts.

Transistor Q1,2,3 and 4 must be heatsunk. Insulators shoud be used, or two separate
heatsinks isolated from each other and the rest of the world. Note that Q1 and Q3 are
grouped together and share common collectors and can share a heatsink. The same is trus
for Q2 and Q4.

2.3 Temperature controller

The temperature controller will consist of temperature sensor and microcontroller. In
order to control the peltier to the desired temperature, microcontroller is used in this
project. The temperature sensor LM35DZ will sense the heat and send it as voltage signal
to the microcontroller. When the temperature is still at given range that is between 10°C

to 60°C, the PIC will send an appropriate voltage the H-Bridge circuit to drive the peltier

11
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[T
[TERCSR)

in clockwise direction or counterclockwise. Every 1°C, 10mV will be produced inside the
temperature sensor. The temperature will increase the voltage output from room
temperature 27°C until 60°C in hot mode and from 27°C until 10°C in cold mode.

2.3.1 Temperature Sensor

The LM35 series are precision integrated circuit temperature sensors, whose output
voltage is linearly proportional to the Celcius (Centrigade) temperature. The LM35 thus
has an advantage over linear temperature sensors calibrated in Kelvin, as user is not
required to substract a large constant voltage from its output to obtain convenient
Centrigade scaling. The M35 does not require any external calibration or trimming to
provide typical accuracies of + 1/4°C at room temperature and + 3/4°C over a full -55°C

to +150°C temperature range.
2.3.2 Microcontroller

Microcontrollers can be programmed either in C language or assembly language. In this
project C language is used. The major advantage of this language is that it is less complex

and easy to maintain compared to assembly language.

Microcontroller is programmed using the CCS compiler. This compiler generates native
machine code which can directly be loaded into the memory of the target microcontroller.

The CCS compiler is used to compile the program using C language.
2.3.3 Clock Generator-Oscillator

Oscillator is used for providing a microcontroller with a clock. Clock is needed so that
microcontroller could execute a program or program instructions. PIC16F877 can work
with four configurations of an oscillator. In this project the XT oscillator is used to
control the frequency of the microcontroller. This is important because we need to

mention the type of oscillator when buying a microcontrolier.

12
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2.4 Heat Transfer Calculation

The flow of heat by conduction 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

g=hA(T,-T,) (2.8)

Where h = heat transfer coefficient, A = unit area, T, = surface temperature, T, =
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 amount 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 calculate the cooling rate of the system,

first the heat has to be removed from the system is obtained from the following equation;

Oty =MCAT 29)

Where m = mass, C = specific heat of the item to be cooled, AT = temperature difference.

Using the value of heat to be removed, the cooling rate is

Qcoa! in)

Qcooh‘ng = AT (2- 1 0)

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 the
system takes to change the temperature of an object. The duration can be known from the

equation;

13
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meprT _
f=——t (2.11)

Where m = mass, C, = specific heat of material (J/kg . K ), AT = temperature difference
(K), q = heat removed (W).

14
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CHAPTER 3
METHODOLOGY/PROJECT WORK

3.1 Project Planning

The project will be developed using a set of defined procedures indicated in
Figure 3.1. The project consists of 5 major stages. On the first stage, brainstorming is
conducted in planning stage. Literature reviews and suitable devices are chosen on the
analysis stage. The design stage is to verify a suitable prototype for this project. If the
performance of circuit is not acceptable in the simulation stage, the circuit will be analyze
and modified until the final approach can be conducted. The implementation of the
prototype is the final stage in this project.

( rmins )
l

Analysis

Y

h 4

Desion

Simulation

Acceptable
performance

Yes

Imnlementation

Figure 3.1: Methodology flow diagram

15
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3.2 Planning

A lot of information gained in this process helps a lot in the progress of the design. The
advancement of this project is done by weekly basis as can be seen in the attached Gantt
chart.

3.3 Analysis

Problem analysis and data gathering is a continuation stage of preliminary research. The
identified problem is analyzed at this stage. Data gathering offers better understanding
and help in problem solving as well as decision making process. At this stage, the author
is able to determine the tools required for the development process and also. chooses the
suitable devices for the project. The example of templates from the existing design is

studied to come out with the conceptual design of the prototype.
3.4 Design

The design of H-bridge circuit is done using the p-spice. The temperature controller is
using the programmed PIC 16F877. Figure 3.2 shows the working procedure of the

thermoelectric circuit based on the temperature process of the project.

. PELTIER
Clockwise
Driver (H- Analog
Counter Bridge) semsor
clockwise (LM35DZ)
D/A |
Microcontroller Converter

A/D Converter o

Figure 3.2: The temperature process

16
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The driver of the circuit is the H-Bridge circuit which will be controlled by the user
whether clockwise or counterclockwise position. The driver will make the peltier device
work. The temperature sensor will sense the temperature using LM35 that will send the
heat as voltage signal to the microcontroller. The microcontroller will interpret the analog
signal and convert it to the digital signal to control it. The microcontroller will change it
back to analog and make sure the driver interrupted by sending signal to be stop

automatically when the heater reach appropriate heat.

The design stage will be implemented when all the simulation have worked properly.
Table 3.1 shows the list of hardware used for the implementation of thermoelectric cooler

or heater.

Table 3.1: List of Hardware and Software requirement.

Hardware requirement Software requirement
1. Printed Circuit Board(PCB) Electronic Workbench{EWB)
2. Microcontroller(PIC16F877) P-spice
3. Crystal Oscillator Multism
4. Peltier CCS Compiler- Microchip PIC C
programming software
5. LM35DZ temperature sensor WARP-13/Bumble-bee — Microchip PIC
Programmer
6. Resistors, capacitors, fan, heat sink,
thermal paste, transistors
3.5 Simulation
3.5.1 H-Bridge Circuit

The H-Bridge circuit is designed and simulate in the P-Spice software. The concept of it
is the circuit is designed so that it can receive two types of power supply assigned by the

USCT.

17
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For positive voltage, the peltier will act as the cooler as the heat will be sink. The
semiconductor will absorb heat and leave the plate cool. For simulation, instead of using
the Peltier, the author has changed it into LED for easier simulation. The first LED wiil
be on and the second LED will be off.

For negative voltage, instead of sinking the heat, the peltier will produce heat. As it
produces heat, it will make the plaie hot instead of cold. For simulation, the second LED
will be on and the first LED will be off.

3.5.2 Temperature Control Circuit.

The temperature control circuit will be using PIC16f877. The PIC has the built in analog
to digital converter. PIC program can be loaded up on the computer and the program can
be written on it. When writing is finished, it is ready to be assembled. This converts what
have been written into a series of numbers, which the computer understands and will be
able to use finally ‘blow’ the PIC. This new program consisting solely of numbers is
called the hex code or hex file. The complicated PIC language is all a raw program
consists of numbers. So, the assembiler, a piece of software which comes with WINASM
translates the words into numbers.

If 1t fails to recognize one of the ‘words’ then it will register an error which are definitely
wrong. It may register a warning, which is something that is probably wrong. The other
thing it may give is a message something which isn’t wrong, but shows it has had to think
a little bit more than usual when ‘translating’ that particular line.

Once the program has been assembled into a series of numbers, they get fused into ROM
(Read Only Memory) of the PIC when we blow the PIC16f877 and they stay there until

we erase it from the PIC.
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CHAPTER 4

RESULTS & DISCUSSION

4.1 Peltier Effect Device Analysis

Experiments have been conducted through the first semester of FYP to observe the

characteristics of the Peltier Effect Device.

Figure 4.1 shows the result of the hot side test of the Peltier modules.

Graph of temperature vs. voitage for
peltier device 07108 (hotside)
300 2&
~ 250
% 200 /V‘IQZ
g 150 47
@«
4»—'26-—-—?”3(
0
1 2 3 4 5 6 7 8
voltage(V)

Figure 4.1: Graph Showing the Result of the Hot Side Surface

From the graph we could see that the temperature of the Peltier’s surface increases as the
voltage applied increases. Figure 4.2 shows the graph of cooling surface of the Peltier.
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Graph of temperature vs, voltage for
peltier device 07108 (coldside)
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Figure 4.2: Graph Showing the Result of the Cold Side Surface

For measuring the cold side surface, the supply power should be in reverse polarity.
However, while doing the experiment, a linear graph like the hot side is not obtained. As
the voltage increases, the temperature also cooling down but at certain point (at
approximately 4V), the temperature started to rise again. The possibility of this incident
happens is maybe due to the fact that this experiment is not conducted in a confined space
since we already knew that one Peltier could only cool a small area of confined space.
Another possibility is might be because heat sink is not used in this experiment.

Thus, the author realized that cooling fan and heat sinks should be used in the design of
the prototype. Although heat sink and cooling fan is used, if the heat sink is not glued to
the Peltier with heat compound or heat paste, the is also no much different in the result.
This is because the transfer of heat is not effective enough. A bigger cooling fan with
more power cooling and also bigger heat sink and heat paste are needed for the Peltier
cooler. The separation of the hot and cold side is vital for Peltier cooler. Figure 4.3 and

4.4 below shows the effect of using small and big heat sinks.
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Graph of Temperature vs Time for cooling
effect using smaller heat sink
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Figure 4.3: Graph showing the cooling effect using smaller heat sink

Graph of Temperature vs Time for cooling effect
using bigger heat sink

15 -
g 10 ‘\\-..
E 5 1 [—O—Temperature
E
F oo .
50 100 150 200
Time(s)

Figure 4.4: Graph showing the cooling effect using bigger heat sink

Based on the result, we could see that by using bigger heat sink with the same fan used,

we could increase the effectiveness of cooling effect.

4.2 H-bridge Circuit Analysis

The Peltier has 2 functions which are to operate as cooler and as heater. The H-Bridge
circuit is used to control the output of the Peltier module. This circuit is supplied with the
12V. The H-Bridge is set up so that the output voltage can be turned on and off and also

to switch the directions with the control of two logic bits.
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The circuit uses Darlington power transistors to reduce cost. The function can be seen on
Table 4.3. When input A is given, the output from the circuit will be shown in output A
by indicating the LED red as in hot mode. If the input A is closed and the input B switch
on, the output B will be produced as in cold mode by indicating the green LED.

Table 4.1: H-Bridge circuit logic

Input A(switch 1) Input B(switch 2) Output A(D1) Output B(D2)
0 0 0 0
0 1 0 1(cold)
1 0 1(hot) 0
1 1 nil nil

In order to reach the resistor value that could satisfy the H-Bridge circuit, the transistor
condition in saturation are calculated. From the load line analysis graph, at Q-point it
shows that the Iz min is about 64.13pA. From the Q-point the maximum resistor that can
be hold in the circuit is lower than 67K. Therefore the resistor chosen is 10K, 3.3K and
470hm. The resistor chosen satisfied the voltage and current need to control the Peltier

device.

In order to use different voltage in one power supply, a voltage regulator is used. The
supply voltage 12V will be stepped down to 5V for the microcontroller input. Figure 4.2

shows the constructed H-Bridge schematics.
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Figure 4.5: H-Bridge schematic
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Figure 4.6: Forward polarity for Q1 and Q4, reverse polarity for 02 and Q3
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Figure 4.7: Graph of voltage versus time for both above circuits
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Figure 4.9: Graph of voltage versus time for both above circuits
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4.3 Microcontroller

The working inside the PIC will be shown in flow diagram of Figure 4.12

Input sensor

-
>

h 4

Calculate the input
sensor

!

Change input from
analog to digital

Loop

If
10<T<60=loop
Else=interrupt

Send Z

signal to Output=0

output 4
Exit

Figure 4.10: Microcontroller flow diagram

PIC 16F877 provides two PWM outputs, known as CCP1 (pin 17) and CCP2 (pin 16).
The PWM output CCP1 and CCP2 (pin 16). The PWM output CCP1 is controlled using
timer 2 and register PR2, setup time by division 2, CCP_1_low, setup ADC ports. The
period of the PWM outputs CCP1 is set by loading value into register PR2 and then
selecting a clock multiplier value of either 1,4 or 16 PWM period is set by PWM period=
(PR2 + 1) x 4 x Tosc (clock multiplier) where Tosc is the microcontroller clock period
(0.25ps with a 4 MHz crystal oscillator). In this project, the clock multiplier chosen is 4.
PWM period= (294+1) x 4 x 0.25 x 4. The PWM mode is enabled and the clock
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multiplier is set to 4. The PIC will detect the interrupt time as in the voltage from the

temperature sensor.

The working of the program starts when the circuit is on. The temperature sensor will
sense the heat from the thermoelectric and send the signal to PIC16F877. The PIC will
translate the analog to digital signal to control the circuit. When the temperature has been
detected, exceeded or lower, the PIC will be interrupted and will be off to restart. Figure
4.9 shows the 8-bit binary input from the sensor. The analog input will be divided to 256
to convert to digital input in 8 binary. Every bit will consists of 2.34 mV signal send in, 1f
the signal is more than 100mV and less than 600mV, the H-Bridge circuit will be on.

0.6V -1 —
111

110

101

100

011

010

001

000
Figure 4.11: 8 bit binary input from the sensor.

The digital input from the microcontroller will be send to H-Bridge circuit to switch on
the circuit. As the voltage and current from the microcontroller is low, in order to amplify
the output power from the microcontrotler, a darlington transistor is used by applying 5V

from the circuit. The final program of the microcontroller is shown in Appendix A.
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4.4 Final Circuit

The final circuit of this project contains of 2 parts which are the H-Bridge circuit and the
controller circuit. The circuits are as shown in Figure 4.10 and Figure 4.11 below;
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Figure 4.12: Final circuit of H-Bridge circuit
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Figure 4.13: Final circuit of controller circuit
4.5 Heat Transfer Calculation
4.5.1 Calculation of Cooling Rate of the Peltier
Assumption: The heat through the walls is negligible during operation

Properties of the system: Peltier’s surface temperature, Ty, = 10°C, Ambient. temperature,
Ty=30°C

Properties of items to be cooled off (assume air at constant temperature)

Volume, v = 0.4] = 0.399947 x 10 3 m* Density, p = 1.2kg / m3, Specific heat, Cp =
1.005 kJ / kg. °C, Mass, m = pv =4.799364 x 10 * kg

The cooling rate of the system is equal to the rate of decrease of energy in the air. Heat to

be removed from the system is;
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O, ooiine =MCAT = 0.0096467kJ

Q cooling
At

Qovoting = =0.107186Js

Where At is the time taken to change temperature of the space from 30°C to 10°C ( 90s

from one experiment).
4.5.2 Calculation of Heat Transfer of the Peltier

Properties of the Peltier Device:Heat tfransfer coefficient of the Peltier, hpeitier =28 W / m?
. °C, Surface area of the Peltier, A=0.9x 10 3 m?

Temperature:Peltier surface’s temperature, T,, = 10°C, Ambient temperature, T, = T~
30°C

Therefore, heat produced by the system is

q=hA(T, ~T,) = 0.504%

4.6 Hardware of the prototype

The container that will be used for the prototype is 400ml thermos with double wall for
temperature retention. A suitable glue that can withstand heat until 60°C is used to attach
the Peltier to avoid the glue from melting during the heating operation. The Peltier is
attached at the lid of the container where a hole has been made. The temperature sensor is
placed near the Peltier. Between the Peltier and the heat sink, thermal paste is put evenly
to help removing the heat faster. Then, a 12V fan is glued on top of the heat sink. Figure
4.16 shows the construction of the prototype.
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Figure 4.14: The construction of the prototype
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CHAPTER 5
CONCLUSIONS & RECOMMENDATION

5.1 Conclusions

This project is a design of a cooling or heating of a confined space using Peltier Effect
Device. It is conducted basically to make Peltier Device applicable in daily life. It can be
used for various purposes, such as Clothing cooling systems (e.g., chemical warfare
suits), packaging (e.g., food, blood, organ transport; medical specimens), medical wraps
(e.g., injury or burn treatment), electronic circuitry (e.g., cooling of microelectronic
components), military (e.g., disguise of heat signatures for equipment or- personnel to
reduce detectability), automobiles, manufacturing, instrumentation, space; systems and
fire fighting. The prototype can cool down up to 10°C for cooling and go up to 60°C for
heating. This project requires lots of knowledge in Peltier Effect Device and simulating
software. This project has been accomplished according to the time fame. The Gantt

Chant for this project has also been set (refer to Appendix B).
5.2 Recommendation

* Devices could be stacked (cascaded) to create a high-temperature lift system, to
cool large scale systems, and/or to function in applications requiring robust and/or
redundant operation.

» Cooling system should be improved to reduce heat faster for large-scale system

and improve efficiency.
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APPENDIX A

PIC PROGRAM

#include <16F877.h>

#device ADC=8

#uses XT,NOWDT NOPROTECT, NOPUT, NOBROWNOUT, NOLVP
#use delay(clock = 4000000)

float adcValue, voitage;

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 = 2”8
/voltage calculation for adcValue read given 5V

if(adcValue >= 25 |j adcValue <= 5) /fadcValue : 25 = 65 degree celcius and 5 = 10
degree celcius

output_low(pin_B1);

else

output_high(pin B1});
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APPENDIX C

VOLTAGE REGULATORS

A Voltage Regulator (also called a "regulator") has only three legs and appears
to be a comparatively simple device but it is actually a very complex integrated
circuit. A regulator converts varying input voltage and produces a constant
“"regulated” output voltage. Voltage regulators are available in a variety of
outputs, typically & volts, 9 volts and 12 voits. The last two digits in the name
indicate the output voltage.

Name -~ Voltage
LM7805  + 5 volts
'LM7809  +9voits J
LM7812  +12volts
LM7905 -5 volts |
LM7909 -9 volts |
 LM7912 - 12 volts ‘
wenr SERHS vueul
o ALY <
1 L EMERT 4
CHRREWT 08 '
GEMERATOR PROTEC HION p 4
S TARTRE HEFYRENCE HBON
CIRCIRY | VOLTAGE AMPLEER
' THERMAL i'
. PROTECTION £
GHE T ?
> <

LM7805 integrated Circuit Intemal Schematic - Fairchild Semiconduciors

The "LM78XX" series of voltage regulators are designed for positive input. For

applications requiring negative input the "LM79XX" series is used.



inpit output
2
COIMHTIOE

Symbol for a Voltage Regulator.

This device iooks like a Transistor, A L M7805 Regulator
but it is actually a complex :
Integrated Circuit.

5:: b
1 Common

The circuit diagram below represents a typical use of a voltage regulator.

3 +5volts

7805 | |
! ot T

* COTGIMEaE .

2500uF 52 3 QAuF
25v I f

.. The LM7805 can reliably deliver 1 amp at a constant voitage.

How it Works:

The transformer drops the 240 volt 'mains' voltage to 8.5 voits. The diode 'bridge’
rectifies the 8.5 volts AC from the output side of the power transformer into DC.
The 2500uF capacitor helps to maintain a constant input into the regulator.

As a general guide this capacitor should be rated at a minimum of 1000uF for
each amp of current drawn and at least TWICE the input voltage. The 0.1uF

capacitor eliminates any high frequency puises that could otherwise interfere with
the operation of the regulator.

Voltage regulators are very robust. They can withstand over-current draw due to
short circuits and also over-heating. In both cases the regulator wilf shut down

before damage occurs. The only way to destroy a regulator is to apply reverse
voltage to its input.

Reverse pofarity destroys the regulator almost instantly. To avoid this possibility
you should always use diode protection of the power supply. This is especially
important when using nine volt battery supplies as it is common for people to
'test' the battery by connecting it one way and then the other. Even this short
'test' could destroy the regulator if a protection diode is not used.



All of the interfaces described on this site have protection diodes connected into
the power supply circuit to prevent damage due to incorrect polarity. Generally a
1N4004, 1 amp power diode is connected in series with the power supply. If the
supply is connected the wrong way around, the regulator will be protected from
damage.

p
... Supplyinputine.

Input Voltage:

As a general rule the input voltage should be limited to 2 to 3 volts above the
output voltage. The LM78XX series can handle up to 30 volts input, but the
power difference between the input voltage/current ratio and output
voltage/current ratio appears as heat. If the input voltage is unnecessarily high
the regulator wilt get very hot. Unless sufficient heat-sinking is provided the
regulator will shut down.

The output current of a power supply based on a Voltage Regulator can be
increased using a power transistor such as the 2955 serigs. These transistors
can pass several amps quite safely.

TIP2955, efc

H

Voltage In

330hm1vuatt | Dt

0.33uF ¥ 4
I b— |

Increasing the Quiput Current

It is possible to increase the output voitage of a Regulator circuit using a pair of
'voltage-divider' resistors (R1 and R2 in the diagram below), or a zener diode. It
is not possible to obtain a voltage lower than the stated rating. You could not use
a 12 volt regulator to make a 5 volt power supply, but you could use a 5 volt
regulator to make a 12 voit supply.



If R1 is replaced with a suitable variable resistor ("potentiometer") it is possible to
make a simple 'variable' power supply.

increasing the Output Voltage

Some regulators are designed to produce a regulated voltage as low as 1.7 volts,
for example the LM317. This type of regulator is ideal to use in 'variable' power

supplies able to provide 1 amp regulated DC at voltages ranging from 1.7 to
around 40 volts.

The interfaces described on this site are based on either 5 volt, or 12 volit
integrated circuits. They use either LM7805, or LM7812 reguiators.



APPENDIX D

Typical Characteristics
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when property used in accomance with insiructions for use
provided in the lzbeing, can be reasonably expected to
rasult in significant Injury to tha user.

2. A critical companent Is any component of a life support
device or systemn whose feliure to pesform can be
reasonably expected (o cause the fallure of the Kfe support
device of systern, or to affect #s safety of effectivaness,

PRODUCT STATUS DEFINITIONS
Definition of Torms
Datashest Kdartification Product Status Definition
Advance Information Formative or In This dat talns the design sp for
Design produci developmant. Specifications may change In
any masner without notics,
Prefiminary First Production This datsshest contains preliminary data, and
e y data wif he at & later date.
Falrchild Serniconductor reserves tha right to make
changes at any time without notice in order to Improve
Hao |deniification Needed Fuli Praduction This datasheet contains final specifications. Fairchild
Semiconductor reserves the Fght to make changes at
arny time without notice in order to improve design.
Obsolats Mot in Prod This ins spacifications on a producy *
that has baan disc by Fairchid
The datasheet is printed for reference formation only.

02051 Fabmrik Samioonucitr Cofporkion Foav- H3.
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APPENDIX E

Typical characteristics

LofpF} CalpF], CAPACITANGE ez, DC CURRENT GAIN

PV, POWER DISSIPREION

T Y

1
4cl}, COLLECTOR CURRENT

Figure 1. DG curment Gain

VarlV], COLLECTOR-BASE VOLTAGE
VialV], EMITTER-BASE VOLTAGE

Figurs 3, Output and input Cagacitance
va, Revarse Voftage

Tl CASE TEMPERATURE

Figure 8. Power Derating

Vaelsat), Vo (aa){\V3, SATURATION VOLTAGE

AL COLLECTOR CURRENT

1fA}, COLLECTOR CURRENT

Figure 2. Basa-Emittar Satyration Voltage
Coflactor-Emittar Saturation Voltage

VieelV], CHULECTOR-EMITTER YOLTAGE

Figure 4, Safe Operating Area
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EAIRCHILD
SEMICONDUCDTOR?
TIP120/121/122
Medium Power Linear Switching Applications
+ Complementary lo TIP125/1251 27
1. To-220
168se  2Coflacter 3.Emiter
NPN Epitaxial Darlington Transistor
Absolute Maximum Ratings 7.=25C ualsss otherwise noted Equivelant Clrult
yrbat P Veiuo | Urits :
Veso Gullecior-Base Voltage : TIP120 80 v
TIP121 a0 v
:TIP122 108 v BP—K
Vero Coliector-Emitter Valiage ; TIF120 80 v ——K ry
(TIPAA a0 v
:TiP122 100 v WY W
Veao Emitter-Bgse Vollage 5 v R Rz
[ Goliector Current (DC) 5 A RI=8k8 E
lep Collector Current (Pulse) 8 A R2s0.12k1
s Base Curent (DC) 120 mA
Pe Coliactar Dissipation (1,-25°C) 2 W
Collector DI (T=25°C) 85 W
T, Junclion Te 150 *C
Tsta Storage Temperatire -85~ 150 “c
Electrical Characteristics 1.=25°C uniss atherwise noted
Symbot Test Condition Min. | Max, | Units
Veeolses) | © Emitter Vollage
: TIP120 i = 100mA, Ig = 0 &0 v
(TIP121 80 v
:TIF122 100 v
lgeo Callecior Cul-off Cuirent
(TIP12Q Vge= 30V, 557 0 05 | maA
T TIP121 Vog =40V, ig= D 05 | mA
:TIPt22 Vep =50V, g o 0 0.5 ma
lope CoHector Cut-off Curent
ITIP1Z0 Vog =80V, lg = 0 0z | ma
ITIP1ZA Vop = 80V, g3 0 o2 | ma
:TIP122 Vop = 100V, [g=C 02 | maA
[ Enifter Cut-off Gurrent Vpg 7 BV, Ic= 0 2 | mA
e *DC Current Gain Vg = Wi~ 0.5A 1060
Vep =3V, [p = 3A 1000
Vig(sst) | *CollectorEmitter Saturalion Voltage Ig=3A, g = 12MmA 20 | v
I = 54, I = 20mA 40 v
Vgelon) * Base-Emitter ON Vialtage Vee =3V, lg = 3A 2.5 v
Con Cutput © Vg =10V, I =0, f=0.1MHz 200 | pF
- Tawt ; PS8, DARY Gyeid <%
S2001 Fulrch id Semicondector Corpomiion Rey, A, June 2007
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TRADEMARKS
The g are regk d and unrag et Falrchlid L owns of is authonized to use and ks not
tended to be an iva Rst of edl such ks, .
ACEx™ FAST® OPTOPLANAR™ STAR"POWER™
Bottomless™ FASTT™ PACMAN™ Steaith™
CoolFET™ FRFET™ POP™ SupersOT™.3
CROSSVOLT™ GlobaiOptoisolator™ Powsr2d7 ™ SuperBOT™.6
DensaTrench™ GTO™ PowerTrench® Super50T™.8
DOME™ HiSeC™ QFET™ SyncFET™
EcaSPARK™ ISOPLANAR ™ Qg™ TruTranslation™
E2CMOS™ LittleFET™ QT Cptoelectronics™ TinyLogic™
£nSigna™ MicroFET™ Quist Series™ UHC™
FACT™ MICROVWIRE ™ SLIENT SWITCHER® UttraFET®
FACT Quist Serias™ OPTOLOGIC™ SMART S$TART™ VCX™

STARPOWER is used under licanse

DISCLAIMER

FARCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUETS HEREN TC IMPROVE RELIABILITY, FUNCTION OR DESIGN, FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN;
NEFTHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS GRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR

CORPORATION.

As used herel:

1. Life support devices or syslems are davices of systams
which, (a) are Intended for surgical implant Into the body,
or (i} support or sustain ife, or () whose faliure to petform
when properly used in sccondance with instnactions for use
provided In the labefing, can be reasonably expected to
result in significant Injury to the user.

2. A critical component is any component of g fife support
device or systern whose [falfure o perorm can be
reasonably expected (o cause the fafur of the e suppart
device or system, or 10 affec! i3 safely or effectiveness.

PRODUCT STATUS DEFINITIONS
Befinition of Terms
Datacheet idantification Product Siatus Dufinition
Advance Information Formativa or in This datasheet contalns the design specifications for
Drealgn praduct devalopment. Specifications may changs In
any marnner without nolice.

Prelininary First Production This datasheet contains preliminary data, and

PP y data will be publi at a later date.
Falrchid Semicondtctor reservas the rght to mike
changes gt any time without notice in order ta Improve
design.

No ldentification Needed Full Praduction This datasheet comains final specifications. Fairchlkd
Semiconductor resarves the right to make changes st
any time without notice in order to Improve dasign.

Obsglate Not in Prod This datash spacifications on & product
that has bben inued by Fairchlid samistndi
The datasheet is printad for referance infermation anly.

2001 Fairchd Semicondustor Corperation
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APPENDIX F

Package Dimensions
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Dlmensions In Milimelers.

G2 Fairhikl BTN Coporstion
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A
FAIRCHILD

SEMIGONDUCTOR?

Genoral Purpose Transistor

PN2222

T TO-82
1. Emitter 2. Base 3. Collector

NPN Epitaxial Silicon Transistor
Absolute Maximum Ratings r,=25°C unkeas otherwisa noted

Symbel Parameter Valus Units
Veao Celiactor-Base Voliage 80 v
Veeo Collactor-Emitler Vottags 30 v
Veso Emitter-Base Voltage 5 v
I Collector Currem g0 A
Pe Collogtor Power D 825 mw
17 Juncion 150 °C
TeTa Storage -55 ~ 180 °C

Electrical Characteristics 1,-25°C unless otherwisz noted
Symbo) ¥ Tast Condition Mirs, Max. Units
BVceo Cofleclor-Base Breakdown Voltage I=10A, 3g=0 [ v
BVgeo Callectar Emitiar Breakdown Voltage | c=10MA, [ga0 30 v
BVeso Emitter-Basa Vollage 1g=10pA, =0 5 v
[ CoNlector Gut-off Gurrent V=50V, Ie=0 0.01 WA
lege Emitter Cut-off Cumant Veg=dV, 10=0 10 nA
hre DC Currert Gain Vee=10V, Ig=0 1mA 35
Veg=10V, *=t50mA 100 300

Ve (sat) | * Collector-Emitter Saturztion Voltage | 152500mA, Ig=50mA 1 v
Vge {581} | ~ Base-Emitter Saturation Voltags l,=500mA, |p=50mA 2 v
fr Cumsnl Gain Bandwidth Product VgpT20V, l=20mA, RI0OMHz 00 MHz
Cop Cutput Cap Vep* 10V, [g20, f=tMHz 8 pF

* Puiea Tosl: Putet WAIthe30038, Duty CyolesZ®

CZTING

G0 Faimhis Bamichnouior Soporstion

Rev. A, Nkl 2004



TRADEMARY 5

Thz fallowlng ai & redistered and . wagistered trade na ke Fairchild & smicorductor owns or ts authorized 16 use and s not
intendad to be : - exhaustye Jist 1 f alt such tragemric,

ACEx™ FAST® |3 OPLAMNAR ™ Power247™ Stzalth™
ActiveAray™ FASTI™ LilleFET™ FPowerEdge™ SupmFET™
Sottomless™ FPg™ MICROCOURPLER™  PowerSavar™ SuparSOT™-3
CoulFET™ FRFET™ PiligroFET™ PowerTrench® SupsrgOT™.6
CROSSVOLT" GlabalGiroisalator™  piloroPak™ QFET® SuperSOT™-6
DOME™ Gro™ MICROWIRE™ Qs™ SyneFET™
EcoSPARK™ HiseC™ HSX™ Qt Opfoslectionics™  TinyLogic®
E2CMOS™ Pom filSX Pro™ Quiet Series™ TINYQPTO™
EnSigna™ o CGa™ RapidCorfigure™ TruTransiation™
FACT ™ ImplisgD comnect™  (CXPo™ RapidConnact™ UHC™

FACT Quiet 51 igs™ CPTOLOGIC® pSerDeg™ UilraFET®
Across the boer 3. Around the v. id.™ CPTOPLANAR™ SILENT SWITCHER®  WCX™

The Pawer Frarch 3a® FAGMANT™ SMART START™

Pygrammable Active Draop™ pOp™ SPM™

DISCLAIMER

FAIRCHILD SE ¢ ICONDULTOR FESERVES THE UCHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS Hi: EIN TO IMPR:1VE RELIABILIT-, FUNCTION OF DESIGN, FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARIUING OUT OF TH Z APPLICATION OR USE OF ANY PRODUCTY OR CIRCUIT DESCRIBED HEREIN;
NEMHER DOE i 5T CONVEY Al ' LICENSE UNDIIR {FS PATENT RIGHTS, NOR ~HE RIGHTS OF OTHERS.

LIFE SUPPOLLT POLICY

FAIRCHILD'S F0DUCTS ARE NOT AUTHORLED FOR USE AS CRITIGAL € MPONENTS IN LIFE SUPPORT
DEVICES OR IYSTEMS WITH JUT THE EXFFESS WRITTEM APPROVAL OF SAIRCHILD SEMICONDUCTOR
CORPORATION.
As used hanein:

™

< A Faichld Swmiconds ¢ o1 nimon

. Life guppon ¢« vitas or systents an devices of soslems
which, (a} are inlendad for sungial implant i the body,
or I support o1 1ustaln life, ar (c vhosae féllure ta cerform
when propery L #d in accordanc : with instructione ‘oruse
provided i the labeling, can be wasonably expeted (o
rasult in signific 11t iury to the s 2.

2. A critical earngons -~ s any component of a life support
devica or sysiem woose faflure to peiforn can be
reasonebly expected L1 cause the failure of the lite support
device ar system. of 1t affect iis safety or effectiveness.

PRODUCT § \TUS DEFINI'TIONS
Definition of fenns

Dutashae! lduntification Product |itrus

Definition

Formative »r In
Design

Adyance infor -ation

This gatasheet contail s the design specifications for
prod uct develapment. Specifications may change In
any manner withaut n-ize.

Freliminary First Prod.iztion

This Jatasheel contail' s preliminary data, end

SUpa emtamary data will be published at a later date.
Falrchiid Semiconduc! ¥ resarves the righ to make:
changes at any t mé without notice in order 1o improve
design.

Mo Identificati + s Needed Fufi Prodi - tio1

This datasheet contair s final specifications. Fairchad
Samiconduclor mservis the right to rmeake changes at
any { me without nofi s in order to Improve design.

Clbsolete Net in Precugtion

This detasheel contals lons on a product
that hias been discontin.ed by Falrohiid semiconductor.
The latasheat Is printad far reference information anty.

Rw, |53




PIC16F87X

Pin Diagrams
PDIP, SOIC
WcTRvee—= (371 -+ RBIPGD
rRagang=—0] 2 -+ RBAPGC
RAtAN1 ~~L] 3 = RES
RAZIANZIVREF. 1§ 4 - RE4
ReaNairerr+—] 5 § =+ RBAPGM
BAYTOCKI=~L} & [ - RE2
RAUANA/EE ~=L] 7 2 - R
ves—=~L] & o “— RBOINT
oscieuan—-L} 2 o -—op
oscaoLkouT+—L] 10 T -— Vs
RCBT1OSOMICK+—C] 11 ~—+ RETROT
RCYTIOSICCP2 = £ - ROAEN/CK.
Rezece - e RCS/SD0
RE¥sowscL =[] = RCABBUSOA

PLCC

PIC18Fa7T7
PIC16FE&74

MicrocHIP

PIC16F87X

28/40-Pin 8-Bit CMOS FLASH Microcontrollers

Devices included in this Data Sheet:

« PIC1BF873 « PICtEF878
« PIC16F874 » PIC1GFB77

Microcontrolier Core Features:

* High performance RISC CPU
Only 35 single wond instructions to lsam
All single cycle instructions except for program
branches which ere two cycle
Operating speed: DC - 20 MHz clock input

DG - 200 ns instruction cycle
Up to 8K x 14 words of FLASH Program Mamary,
Up to 388 x & bytes of Daia Memory (RAM)
Up {0 256 x 8 bytas of EEPROM Cata Memory
Pinout compatible to the PIC16CTBIT4BITOTT
Interrupt capability (up to 14 sources)
Eight ievel deep hardware stack
Direct, indirect and relelive addressing modes
Power-on Reset {(POR)
Power-up Timer (PWRT) and
Osdillator Start-up Timer (OST)
Watchdog Timer (WDT) with ita own on-chip RC
osclllator for refiable operation
Programmaeble coda protection
Power saving SLEEP mode
Selaciable oscillator cptions
Low power, high speed CMOS FLASHEEPROM
technology

-

-

.

Fully slatlc dasign
In-Circult Serlal Programming™ {CSP} via two
pins

.

Single 5Y In-Circuit Serlal Programming capabifity
In-Circult Debugglg via two ping

Processor readiwrite access e program memory
Wide operating vollage range: 2.0V to 5.5V

High Sink/Sowrce Cumant; 26 mA

Commeris!, industrial and Extended temparature
ranges

Low-power consumption:

« < 0.6 mA typlcal @ 3V, 4 MHz

- 20 A typicel @ 3V, 32 kHz

- < 1 pA typical standby current

.

Pin Diagram
PDIP
Wt —=T]1 N 40 [1 +—e s@7PGD
RADAND w—u[] 2 23] e RBAPGC
RAUAN1 =] 3 38 [J w—=e ABS
—{]4 37 ] = RB4
RAUANIEE+ asem ] 5 20 [1 ~—n ABEPGM
RANTOCK] -o—e-{] 6 25 [T a—s RBZ
RASANABS =117 o« HOe—rE
REGFDIANG w9 E 23 [] e RBOANT
REVAFIANG =] 9 20— wo
RE2TBIANT +—s-E] 10 E 31 [J - Ve
V0O i T 11 s0{] +— mpTPSP?
Vel e £ 12 * 2 [] +— ROOFSPO
DSCHCLKIN wmve ] 13 5 28] e RDSPEPS
QBCHCLKOUT w—[1 14 E 21 1] =—e ROUPEP4
RO OSOTICK: e 18 28 [ e RETRXIDT
RCIFIOSHOCRZ +—a-[{ 16 251 +—n- ROOTHOK
REZACET a—w[] 17 24 [[] #—w RGEBDO
RGVBOHSTL ~—wE] 18 23 [ e RCABONEDA
ROVPIPD w—e-[] 99 201 e RDIFEFI
ROUPSP +—eE] 20 21 |] w—e ROFEPZ

Periphorat Features:

« TimerQ: 8-bit imaricounter with 8-bit prescater
Timer1: 16-bi timerfcounter with prescaler,

can be incrementad during SLEEF via extemal
crystal/clock

Timer2: 8-blt timer/counter with 8-bit period
register, prescaler and postscaler

Two Capture, Compare, PWM modules

= Capture ts 16-bil, max. resolution is 12.8 ns

+ Compare is 16-bit, max. resolution Is 200 ns

- PWM max. resclution I 10-bit

10-bit multi-channel Analog-to-Digital converter

+ Synchronous Serial Port (S5P) with SPI™ (Master
mode) and 12C™ (Master/Stave)

Universal Synchronous Asynchronous Receiver
Transmitter (USART/SCI) with 9-bit addrass
detection

Faralte! Stave Port (PEP] 8-blts wide, with
external R, WR and CS controls (40/44-pin only)
Brown-out detecticn circuitry for

Brown-out Reset (BOR)



PIC16F87X

Koy Features
PiCmicro™ Mid-Range Refarence PIC16FET3 PIC1BFOT4 PIC16F878 PIC16FAT?
Manuai {D833023)
Operating Frequency BC - 20 MHz 0C - 20 MHz DG - 20 MHz BC - 20 MHz
RESETS (end Delays} POR, BOR POR, BOR FOR, BOR POR, BOR
{PWRT, OST) (PWRT, O5T) (FPWRT, GST) (PWRT, OST)
Msgm‘drfmw 4« ™ 8K &K
Data Mamory (bytes) 102 162 368 368
EEPROM Data Mamary 128 128 256 258
Intarrupts 13 14 13 14
1O Poris Pots ABC | PotsABCDE] PorsABC Ports A,B.CD.E
Tuners 3 3 3 3
Capture/Compare/PWM Modules 2 2 2 2
Serial Communijcations MSSP, UBART | MSSP, USART | MSSP, USART | MSSF, USART
Paralle] Communications - PSP —_ PSP
10-bit Anaiog-to-Digital Module 5 Input channels | 8 input channels | S input channels | 8 nput channels
tnatruction Set 35instructions | 35instructions | 35 Instructions | 35 instructions




PIC16F87X PIC16F87X

JABLE 1-2:  PIC18FB74 AND PIC16FB77 PINOUT DESCRIPTION TABLE 4-1:  PIC16F873 AND PICTGFATS PINOUT DESCRIPTION
DIP | PLCC | QFF | vOIP Buffar Bin DiP 30iC ap Buifor
PinMame | cyw| P | Pin# | Type | Type Description Name P | Pn? | Tvpe Type Dascription
DBCA/CLIGN 13 ] 14 20 || sTicmos! | Osciflator crysts! Inputiextiamal clock sourcg Inpat. OSCHCLKIN s 9 t__|smiomostl| oscllator crystal Ingutiextemal ¢lock source iput,
OSCRCLKOUT 1“4 15 k| o] - Oscllator crystal cutput. Connects to crystal or resohatey OBCACLKOUT 10 0 ¢ - Oschiator arystal cutput. Connects 1o crystal or resonator in
in cryetal ocklator moda, In RC modse, OSC2 pin cutputs crysisl oacliiator mods. In RC mode, the OSC2 pin outputs
CLKOUT which has 1/4 the fraquency of OSC1, and CLKOUT which haa 14 the frequency of OSC1, and denctes.
dancies the Instruction cycle mte. the Instruction cycle rate.
WMCLRVP 1 2 18 | W ST Master Claat (Reset) Input o programming voltags Input. MCLRAVPR 1 1 P 87 Master Claar (Resat) Input or programming voltags input. This
Thig pin is an active jow RESET 12 the device. pin Is an active iow RESET to the device.
PORTA is a bi-directional {G port. PORTA is a bi-directional IO port.
RADAND H 3 19 1] T RAD can alac bo anatog inputl. RAQ/AND 2 2 0 ™m RAD can aiso be analog inputd,
RAVANE 3 4 20 i w T RA1 can also ba anafog inputt. RA1/AN1 3 3 o ™m RA1 can giso be-analog nputl.
RAZIANZIVRER- 4 5 29 w m FIAZ can also be enslog Input2 o negative RA2/AN2VREF- 4 4 Vo T RAZ2 can aigo be analog input2 or negative analog
anglog referance voltage. refarenoe voiiage.
RAIIANIVREF+ 5 5 22 o o RA3 can also be analog Input3 of poskive RAIANINREF+ 5 5 i8] TRL RAJ can atoo be enalog inputd or positive analog
anstog reference voltage. referance voitage.
RA4TOCKE s | 7 | =i ST RA4 can also be the clagk Input to the Timer0 timer/ FAG/TOCKI & 8 vo st FiAd can aleo be the ciack input to the Timard
tounter. Quiput [a open drain typa. — module. Gutput la open draln typs.
RASEBIANG ? 8 24 [I7s] L RAS can also be analog inputd or the slava select for RAS/GiANA L4 T "o ™ RAG can also be analog input4 or the tiave select
the synehronous serial poit. for the synchronous aeral post.
PORTR Is a bi-directional O port. PORTB can be software
PORTE Is a bidirectional O port. PORTE can ba saft
ware programmed for Internal weak puli-up on all inputs, 0 programmed for lnternal weak pull-up on all inpits,
REO/INT 6B % g wo | TrosEn RBO can alsa be the extamal intemupt pin. RBOANT 21 21 o TIUSH RBO can alsa be the extornal Intarrupt pin,
RBY - 22 #o kit
Re1 M m 9 vo m RB2 23 23 Yo T
ne2 bt 38 o Ho . RBIPGM 24 24 o] T RB3 can giso be the low voitage programming Input
RBIPGM 36 ag 1 w TTL RB3 can also be the low voitepe programming nput. R 5 26 Yo m N ech . P g i
RE4 7 04 18w m inteerupt-on-changa pin. ABS 2% 25 1o ™ Intorrupt-on-change pin.
RBS 38 42 B w Rl nterrupt-on-changa pin. RBSIPGC 27 27 vo | TusT® Interrupt-on-change pin or In-Clrcuit Debugger pin, Serlal
RB&PGC 3g 43 18 vo TTUST® Intarrupt-on-change pin or In-Clreult Debuggar pin. programming clock.
Sertal programming clock. RETIPGD 2 28 ¥o | TTST® |  intemupt-on-change pin or in-Chcult Dabugger pin. Serial
RB7T/PGD 40 44 17 [l1e] TTLSTE intetrupt-on-change pin or In-Circuit Debugger pin. programming data,
P e g PWWWW PORTC i 5 bi-diredlignal YO porl.
Legend: 1= inpul = output = inputioutput = RCOTIOSOTICKI | 11 i 7o) sT RCO can akeo bs the Timer1 oscllator cltput or Timer?
£ T bt b—s;luo;tu;ad oot TTL = TTL input 8T= smwﬁttTﬂggermpm clock Input,
Note T: r is & Schmiit Trigger when oonfig as an axternal inly
2: This buffer is & Schriltt T input used in Serlal Programming RCATIOSNCCP2 12 12 o 37 ;'Rcm}canullobzetraaMBﬂ ns:';ub{hputurcmm
3: This buffer is a Schmitt input when red | a Compare? outputiFWM2 N
bl m;.h ﬁ;\hmTﬂggerm:unt " configu b:)mneru purpose vo and a TTL input when used i the Farallat RC - 1 3 o ar RE2 can alo bo the Captured Input e oupt
4: This bufler ls & Schmitt Trigger Input when configured ln RC cecilstor moda and a CMOS input otherwiss. FWA outout,
RC¥SCKAECL 14 14 o 3T RC3 can alsd be the synchronous serial Slock inputisutput
for both SPY and 1%C modes,
RCA/SDYSDA 15 15 o sT RC4 can giso ba the SPI Data in (SP! moda) or
data VO (PC mode).
RCH800 18 16 [1s} 8T RCS can oiso be the SPI Data Out (SPI rrode).
RCB/TXICK 17 17 l1s] sT RUE can also be the USART Asynchronous Transmit or
Synchrencus Clock.
RCTRNOT 8 18 1o ST RC7 can also be the USART Asyntironcus Retefe or
Synchronaus Data,
Vss 8, 18 8,18 P s Ground ref for logic and KO pins.
Voo 20 20 P — Fosflive supply for logic and 1O ping,
Legend: |=input Q = output (O = input/output P = power
— = Not usad TTL = TTL input ST = Schmitt Trigger Input

Note 1; This buffer is a8 Schmi Trigger input when figured &8 the k&
2: Thie buffer s a Schmitt Trigger input when used in Serisl Programming mode.
¥ This buffer is 8 Schmitt Trigger input when configured In RC oscilator mode and & CMOS input otherwise,

l
i




PIC16F87X

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

DIP | PLCC | QFP | HO/P Buffer
Pin Name Ping | Pink Pink | Type Type Description
PORTC Is a bi-directional I/C port.
RCOMOSOMICKI| 15 16 32 HO ST RCO can also be the Timer1 oscillator output or a
Timer1 clock input.
RCUT10SHCCP2 18 18 35 rQ ST RC1 can also be the Timer1 oscillator input or
Capture? input‘Compare2 output/PWM2 cutput.
RC2/CCP1 17 19 36 tQ ST RC2 can aiso be the Capture? input/Comparet
output/PWM1 output.
RG3/SCKISCL 18 20 37 l{e] ST RC3 can also be the synchronous serial clock input/
output for both $PI and °C modes.
RC4/SDI/SDA 23 25 42 HO sT RC4 can also be the SPI Data in (SPI mode) or
data /0 (EC mode).
RC5/5D0 24 26 43 o sT RCS5 can also be the SPI Data Out {SPY mode).
RCB/TX/ICK 25 27 44 1o ST RCS6 can also be the USART Asynchronous Transmit
or Synchronous Clock.
RC7/IRX/DT 26 29 1 o ST RC7 can also be the USART Asynchronous Receive
or Synchronous Data.
PORTD is a bi-directional 110 port or parallel stave port
when Interfacing to a microprocessor bus.
RDO/PSPO 19 21 38 vo | sTTTL®
RO1/PSP1 20 22 3g o | ST
RD2IPSP2 21 23 40 vo | STATL®
RD3/PSP3 22 24 4 o | STITL®
RD4/PSP4 27 30 2 o | STATLe
RDS/PSPS 28 3 3 Vo | ST/TTL®
RD6/PSPE 29 32 4 vo | stn®
RD7/PSPY 30 33 5 o | sTTL®
PORTE is a bi-directional I/0 port.
REORDIANS 8 g 25 Vo STTTL® RE® can also be read control for the parallel slave
port, or analog input5.
RE1AVRIANG 9 10 26 o | stm@ RE1 can also be write control for the parallel slave
port, or analog inpul6.
RE2/CSIANT 10 " 27 IO STATL® RE2 can also be select control for the paralle! slave
port, or analog input?.
Vss 12,31 ] 13,34 6,29 P — Ground reference for logic and I/O pins.
Voo 11,32 | 12,35 7.28 P - Positive supply for logic and I/O pins.
NC — | $,17,28, | 12,13, _ These pins are not internally connected. These pins
40 33,34 should be left unconnected.
Legend: 1=input O = output /O = inputioutput p= power
— = Not used TTL = TTL input ST = Schmitt Trigger input

Nete 1: This buffer is 2 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
Slave Port mode (for interfacing to a microprocessor bus).
4: This buffer is a Schmitt Trigger input when ¢onfigured in RC oscillator mode and a CMOS input otherwise.

® 2601 Microchip Technolagy inc.
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APPENDIX H

Peltier Effect Device Data Sheet

Ambient = 30C

tem Max Delta | Max Max Max

Number Description T Voltage | Current | Waltage | Length | Width [Thickness
1-01704_[Single Stage TEC 68 2.1 45 5 15.0 15.0 4.8
1-03104_|Single Stage TEC 68| 38 45 10 20.0, 200 4.8
1-07104_[Single Stage TEC 68| 86 4.5 22 300 300 4.8
1-12704 _[Singie Stage TEC 68| 154 45 40| 400 400 4.8
1-01705_|Single Stage TEC 68 2.1 5.5 7 150 150 4.0
1-03105_|Single Stage TEC 68 38 5.5 121 2000 200 4.0
1-07105_|Single Stage TEC 68 86 5.5 271 300 300 4.0
1-12705 _|Single Stage TEC 68| 154 5.5 490 400 400 4.0
1-01706_|Single Stage TEC 68| 2.1 6.5 8l 150 15.0 3.9
1-03106_[Single Stage TEC 68| 338 8.5 14 . 200 200 3.9
1-07106 _[Single Stage TEC 68| 86 65 32 3000 300 3.9
1-12706_ISingle Stage TEC 68 154 6.5 58 400  40.0 3.9
1-01707_[Single Stage TEC 68 2.1 7.5 9 15.0 15.0 3.9
1-03107_iSingle Stage TEC 68| 3.8 7.5 16] 200 200 3.9
1-07107 _|Single Stage TEC 68| 86 7.5 371 300 300 3.9|
1-12707_|Single Stage TEC 68| 154 7.5 67,  40.00 400 3.9
101708 _|Single Stage TEC 68 2.1 8.5 100 150, - 15.0 3.6
1-03108 _|Singie Stage TEC 68 3.8 8.5 18 20.00 200 3.6l
107108 _[Single Stage TEC 68] 8.6 8.5 42l 300  30.0 3.6|
1-12708 _Single Stage TEC 68 154 8. 76] 400 400 3.6
1-12702 [Single Stage TEC 68]  15.4 2.0 180 300 300 46
1-12703 _|Single Stage TEC 68] 154 3.0 271 300, 300 3.8
1-12704 _|Single Stage TEC 68 154 4.0 40 300 300 3.4
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LM35

Navembaer 2000

Precision Centigrade Temperature Sensors

General Description

Thie LM35 sarles aro precision integrated-clreuit temperalure
sensors, whose output voltege is linearly proportional to the
Calslus (Cantigrade) temperatirs. The LM35 thus has an
advantage over linear temperature sensors calibrated in
" Kelvin, as the user is not required to sublract & farge
canstant voltege from its output to obtain convenlant Centl-
grade scating. The LM35 does not require any examat
caltbration or rimming to provide typical accuracies ef £4°C
at room temparature and £32°C over a full -55 to +150°C
ternperature range. Low cost 1s assurad by trimming and
calibration at the wafar fevel, Tha LM35's low output impad-
ance, Enear cutput, and pracise inherant calibration make
Interfacing to readout or centre! Sirouity espsclally easy. It
car be used with single power supplies, or with plus and
minus supplias. As it draws only 60 pA from Its supply, It has
very low seif-haating, lass than 0.1°C in still air. Tha LM35 is
rated to operate aver a —55° to +150°C temperature range,
while the LM35C is rated for a -40" to +110°C range (~10"
with impraved accuracy). The LM35 series is available pack-

aged In hermetic TO-48 transistor packages, while the
LM3SC, LM3SCA, and LM3ED are also avallabla in the
plastic TO-92 transistor package. The LM35D Is alse avail
able in an 8-lead surfaca mount smal! outline package and a
plastic TG-220 package.

Features

& Caiibrated directly in ' Celsius {Centigrade}
# Linear + 10.0 mV/"C scale factor

a D.5'C accutacy guarantesabls (at +25°C)
® Rated for full ~55" to +150°C range

® Suilable for remoete applications

® Low cost due to wafer-lavel rimming

® Operates from 4 1o 30 volis

8 Less than 60 pA current drain

® Low sef-heating, 0.08°C i still air

® Nonlinearity only £4'C typical

® Low impedance cutpul, 0.1 12 for 1 mA load

Typical Applications

+h
4% TD 20V}
I

oumT
B e 100 e

1

5085180

FIGURE 1. Baslc Centigrade Temperature Sonsor
{(#2°Cto +150°C)

s Vauy

-oamsu:u
Choosa Ry 5 ~Vg/50 pA
V pura+1,500 mV at +180°C
= 4250 mV 8t +25°C
= -550 mV at «55°C

FIQURE 2. Fult-Range Centigrade Temperature Ssnsor
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LM35

Electrical Characteristics

Absolute Maximum Ratings (o= 10)
if Miltary/Aerespace specified dovices are required,
please contact the Natianal Samiconductor 8ales Offica/
Distributors for avallability and specifications.

Supply Voitage
Cutput Voltage
Cutput Curent
Storage Temp.;
TO-46 Package,

+36V to -0.2v
+8Y 1o ~1.0V
10 mA

-60°C to +180°C

TC-92 and TO-220 Packags,
{Suldering, 10 seconds)

50 Peckage {Note 12}
Vapor Phase {60 saconds)
Infrared (15 saconds)

ESD Susceptibllity (Note 11)

260'C

215'C
220'C
2500V

Spacifiad Operating Temperature Ranga: Tam: 10 T wax

(Note 2}
LM35, LM35A

LM35C, LM35CA

~55"C to +150°C
-40°C to +110'C

(Notes 1, §)
LM35 LMIEC, LMISD
Paramoter Canditions Tested Peslyn Testod Design Units.
Typical Limit Limlt Typlcat Limit Limit (Max.)
(Note 4) (Nota 5} {Note &) (Nate 5)
Accuracy, T a=s+25C 0.4 1.0 +0.4 +1.0 LY
LM35. LM35C T 4=—10°C +0.5 0.6 1,5 G
(Note 7) T a=Thax *0.8 15 0.8 t1.5 ‘c
T a=Tuin t0.8 115 +0.8 +2.0 ‘c
Aceuracy, LM35D T 4=+25'C +0.6 t1.5 ‘c
(Nate 7} Ta=Tuax £0.8 2.0 '
Ta=Trm 0.8 +20 'C
Nonlitearlty T vensTas T ax 0.3 0.5 *0.2 0.5 C
{Mota 8)
Sensor Gain T S TasThaax +10.0 +4.8, +10.0 +.8, mvfC
{Averagje Slope) +10.2 +10.2
Load Regulation T o=+25°C 0.4 20 +0.4 2.0 mvimA
(Note 3) 0=l <1 mA T ST S Toanx *0.5 5.0 +0.5 X80 my/mA
Line Regulation T ,=2425'C 001 +0.1 +0.01 *0.1 NV
{Nate 3} 4V g=a0v +0.02 0.2 20,02 0.2 VAV
Quiescent Current V g=+5V, +25°C 56 80 58 :h] HA
{Nota 9} Vg=+8Y 105 158 a1 133 1A
WV 4=+30V, +25'C 56.2 a2 56.2 a8z HA
V=430V 108.5 161 1.5 141 pA
Change of AVsVodiy, +25°C 0.2 20 Q.2 2.6 HA
Quisscent Cument 4VgV <30V 05 3.0 48 3.0 HA
(Nate 3)
Temperature +0.29 0.7 +0.39 +0.7 pPASC
Cosfficient of
Quiescant Currant
Minimum Temperature | In circult of +15 +24 +1.5 +42.0 "C
for Rated Accuracy Figure 1, 1_=0
Long Term Stability T 3= Tapax, foF £0.08 £0.08 e
1000 hours
Nota 1: Unless roled, hase apnly: -5§'CsTS+150°C for the LM35 and LMBSA; ~40'ST S +110°G for the LM3SC ana LMIBCA; and

0"<T =+ 100°C for the LM3SD, Vy=+5Vde and f 040750 bA, In the circuit of Sgure 2. Thase specfications alsa epply from +2°C ta Tispy in Iha circuil of Figume 1.
Spscifications in baldface apply over the Tull rated lemperalurs runge.

Nofa 2; Thormal resistance of the TO-48 package le A0'CAY, junclien to amblant, and 24'CAV Juncion to case. Tharnal reslelance of the TO-32 package la
TRO'GAN Junciion to amblent. Thermal resfstance of te emall outling molded packaga e 220 C/W Junction (o ambiant. Thermal resislancs of the TC-220 package
i5 B°CAY Junclion o ambiant. For additienal tharmat resistance infarmallon sea table In the Applications secltion.

Note 3 Regulétion is measured al constant junchion tentperalure, using pulss teutlag with a low duly cycle. Changas in outpul due o heatlng effects can ba
computed by multiplying the intsma! dissipation by tha thermal resistance.

Mote 4: Tested Limite are guaranteed and 100% lasted in procucton.

Note 5: Design Limits are. {but not 100% prod leated) over Ihe Indicaied lamparahire and supply voltege ranges, Thass limifs are nol used to
cateulata oulgning gquality evals,

Neto 6: Specifications in botdface apply over the full rated temperalure ranga,

Note 7: Accuracy I defined as fhe emor hetween ihe oulput voltage and 10mv"C times the device's case temperatura, at specified condifons of voltege, comani,
and lonparature {expressed in "G).

Note B: Nonlinearity 5 defired es the doviation of the outpul-voliage-versus-temperatura curve from the best-it siraight line, over ihe dovice's rated lamperaiurs
PRI,

Note 3 Quisacent cwrent is dafined in the dreuil of Figure 1.
Note 10 Absaluls M iitg beyand d
the device beayond it rated sperating conditions. Ses Nale 1.

Maote 1%: Humnan bedy moedal, $00 pF dischargad through a 1.5 kO resislor,

Nots 12! Ses AN-4ED "Surface Mounting Mathods and Thefr Eflact on Product Refigbility’ or e secllon Lted “Sirfaca Mount' found i a cument National
Serniconducior Linear Data Book for other mathods of axidenng surfaca mount davices.

g8 o the devica may ocour. DG andg AG alacirleal spacifiations da not apply when operaling

TO-02 Package, —60'C o +150°C LM35D 0°C to +100°C
$0-8 Package, -B85'C to +150°C
TO-220 FPrckege, ~65'C to +150°C
Lead Temp.:
TG-4€ Package,
(Soldaring, 10 seconds) 300°C
Electrical Characteristics
(Notes 1. €)
LM3sA LM3SCA
Faramatar Conditions Teostad Design Testad Deslgn Units
Typleal Limit Limlt Typlcal Limit Limit {Max.)
(Nate 4) | (MNote 5) (Nots 4) | (Nate 5)
Accuracy T a=425C +0.2 1c.5 0.2 +0.5 G
{Note 7} T =-10°C 103 +03 1.6 ‘c
T a=Trax 204 1.0 0.4 1.0 ‘C
Ta=Tm 104 £1.0 0.4 15 ©
Noniinearlty T S TasTannx 1018 035 t0.45 0.3 ‘C
{Note 8)
Sensar Gain T 1ain<Tas Thans +10.0 +9.9, +10.0 +8.9, mv/'C
(Average Slops) +#0.1 +i0.1
Load Regulation Ta=+25C +04 +i.0 0.4 10 mv/mA
(Nota 3} 01, 51 mA T ST as Thax 0.5 %30 *0.5 3.0 mvimA
Line Ragulation T 4=425'C +0.01 +0.05 10.01 +0.05 mvAY
{Note 3} AV<V 30V 20.02 t0.A to.02 04 vV
Quisscent Currant V=5V, +25°C 56 ar 56 87 pA
(Note 9) V g=+5V 105 131 91 114 wh
V gu+d0V, 425°C 562 [-1:] 562 &8 ey
V o=+30V 108.5 133 8.5 116 WA
Change of 4\ esa0V, +258°C 0.2 1.0 0.2 1.0 HA
Quiescent Current AVLY =30V 0.8 2.0 0.5 2.6 HA
{Nate 3}
Temperature 40,33 .5 +0.39 +3.5 PASG
Cosfficient of
Qulescant Cument
Minimum Temperature | In circuli of +1.5 +2.0 +15 +2.0 ‘c
for Rated Acouracy Figura 1,1, =0
Long Term Stability T =Tyax, fOr £0.08 +0.08 C
1000 howrs
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Typical Performance Characteristics (continues)

Neaise Voltage

BOISE {nv /4 Hr)

FREQUENCY (Rz}

Applications

The LM35 can be appliac easlly in the same way as othar
Integrated-citouit temperature sensors. |t can be glued or
cemented to e suface and its temperature wilt be within
gbout 0.01'C of the surfacs temperature,

This presumes that the ambient alr temparature is almost the
same &8 the surface temperature; if the air temperature wera
much higher ar lower than the surface tempsrature, the
actual temperature of the L35 dle would be at an interme-
dlate temperature between the surfzce tempaeratura and the
alr temparaturs. This is axpecialy true for the TO-82 plasiic
package, where the copper feads are the principal thermal
path to cary heat into the device, so its temperature might
ba claser ta the air temperature than 1o the sutface tempera-
ture.

To midimize this problem, be sure that the wirng fo the
L35, as i leavas the device, is held at the same tempera-
fure as the surface of Interest. The easiest way to do this is
o cover up these wires with a bead of apoxy which wili
insure that the igads and wires are all at the same tempera-
ture as the surface, and that the LM35 dle's temperature will
not ba affectad by the air temperature.

Start-lUp Response
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DAO0ES18-15

The TO-46 metal package can also ba solderad to a metal
surface or plpa without damage. Of course, in that case the
V- terminal of the circult wil B8 grounded to that metal.
Alternatively, the LM35 can be mounted nside a sealed-and
metat tubs, and can then be dipped Inte a bath or screwed
into 8 threaded hele in & tank. As with any |G, the LM35 and
accompanying wiring and circulis must be kept insulated and
dry, 1o avoid leskage and commosien, This Is espacially true if
the circuit may oparate at cold temperatures where conden-
gatioft can cecur. Printed-circult coatings dand varnishes such
as Humiseal and epoxy palnts or dips are often used to
insure that moisiure cannol comrods the LM3S or iis connec-
Yions.

These devices are somsetimes soldered o a small
light-weight hsat fin, to decreasse the thermaf time constant
and speed up the response in slowly-moving air. On the
other hand, a small thermal mass may be added to the
sensor, to give the steadiest reading tespite small deviations
In the zir temperalure,

Temperature Rise of LM35 Due To Self-heating (Thermal Resistance,6,,)

TO48, o487, ‘Tos2. TOL, 808 so8 To-220
no hest amali host fin no haat amall haat fin no heat amall heas fin no haat
sink shik sink aink
5t sir A0D'CIW 100G 180°CAY 130T 22000 DG SUCAY
hoving air 103G ATTAN AN Hom 105G Ly 260w
Bt el e Lley BO AW TOCAN
Birrad olf S0CW oo 45OV ATV
(Clamped ta matal,
infinite heat sinky (25°CAn) (55°CI)

"Wekefield typs ;DL or 1" dias of 0.0207 shest brass, soldersd la case, or s

irrilar.

~TO-02 and SO-B packages glued and leads soldared 1o 17 square of 116" printad dirouil board with 2 oz, foil or slnglar,
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Typical Performance Characteristics

Thermal Resistance Therma! Time Conatant Thermat Response
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