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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 fmal working circuit. The temperature 

controller will consists of temperature sensor which is LM35 and microcontroller PIC 

16F877. The coding of the PIC program has been finalize and progranuned. 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 1 ooc for cooling and go up to 60°C for heating. 
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CHAPTER! 

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 dual 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 attractive features such as small size, simplicity, 

efficiency, convenient and reliability [1]. Furthermore a thermoelectric micro cooler is a 

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 confmed 

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 confmed 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/confmed space 

which can heat or cool items as required. 

2 
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CHAPTER2 

LITERATURE REVIEWffHEORY 

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 

then-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 

n p n p 
+ -

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 

3 
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cold side 

•-·-

semiconductor 
ofp-type . 

semiconductor' 
of n-type isolator hot 

(ceramics) side 

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 

4 



' 
Final Year Project 11 (EEB 5034) 
Final Report 
Cooling or Heating A Confined Space Using Peltier Effect Device 

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. 

• 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: 

5 
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• 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. 

6 
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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 c 

t"' t•c 
v .. v., 

+ + 
v,. 

- ~·· 
v,. t .. + 

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 

7 
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been indicated as emitter, collector and base. To show the calculation, by applying 

Kirchoff's law we obtain 

(2.1) 

The important basic relationship for a transistor 

(2.2) 

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. 

Forward bias of base emitter 

Figure 2.6: Fixed bias circuit 

Vee -I 8 R8 - V8E = 0 

VCE =Vee -!eRe 

18 
=Wee -VBE) 

Rn 

VeE= Ve -VE 

(2.3) 
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Collector emitter loop for the use of the transistor 

VCE = Ve 

Ic ={JIB 

VBE =VB -VE 

VCE +IcRc -Vee =0 

VBE =VB 

(2.4) 

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 Ves is equal to Vee. 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 

(2.5) 

Since VCE,. is very small compared to Vee , it can usually be neglected. The minimum 

value of base current needed to produce the saturation is 

I _ Ie,at 
Brrrin - /]DC (2.6) 

I 8 should be significantly greater than I 8 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. 

9 
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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 

(2.7) 

Table 2.1: Truth table of H-Bridge circuit 

Input Output 

A B A B 

0 0 Float 

I 0 I 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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·:'.' N 
. C' 

[)·~ ::-· .l 

~.-

2 

. R: i 

. 47 . 

,---+--+-+--+--t--Al~' 2 

Figure 2. 7: H-Bridge circuit 

From Figure 2. 7, operation with logic signals greater than the peltier supply voltage is 

allowed and absorbed by R7 and RS. The circuit is really intended to be operated with 

CMOS logic levels, logic high being about 4 volts. 

Transistor Ql,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 Ql 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 I 0°C 

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

11 
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in clockwise direction or counterclockwise. Every I °C, I Om V 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 1 0°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 LM35 does not require any external calibration or trimming to 

provide typical accuracies of± l/4°C at room temperature and ± 3/4°C over a full-55°C 

to + 150°C temperature range. 

2.3.2 Mieroeontroller 

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 Cloek 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 microcontroller. 

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 

(2.8) 

Where h = heat transfer coefficient, A = unit area, T w = 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; 

Qcoo/mg = mCI'iT (2.9) 

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

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

Q 
Qcoo/ing 

cooling = AT (2.10) 

Where Ll.t 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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mxCP x I!.T 
t=---'--

q 
(2.11) 

Where m = mass, Cp = specific heat of material ( J I kg . K ), 1!. T = temperature difference 

(K), q = heat removed (W). 

14 
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CHAPTER3 

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. 

Planuing 

Analysis 

Figure 3.1: Methodology flow diagram 
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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. 

Clockwise 
I PELTIER 1--

I Driver(H- Aualog 
Counter -

Bridge) sensor 
clockwise 

i (LM35DZ) 

DIA I Microcontroller Converter 

AID Converter 

Figure 3.2: The temperature process 
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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 rnicrocontroller. 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(PIC 16F877) P-spice 

3. Crystal Oscillator Multism 

4. Peltier ccs Compiler- Microchip PIC c 
programming software 

5. LM35DZ temperature sensor W ARP-13/Bumble-bee - Microchip PIC 

Progranuner 

6. Resistors, capacitors, fan, heat sink, 

thermal paste, transistors 

3.5 Simulation 

3.5.1 H-Bridge Cireuit 

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 

user. 
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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 will 

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 plate 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 assembler, a piece of software which comes with WINASM 

translates the words into numbers. 

If it 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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CHAPTER4 

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. voltage for 
pettier device 07108 (hotside) 
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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 
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Figure 4.4: Graph showing the cooling effict 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. 

21 



I Final Year Project II (EEB 5034) 
Final Report 
Cooling or Heating A Cotifined Space Using Peltier Effect Device 

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(D 1) Output B(D2) 

0 0 0 0 

0 1 0 !(cold) 

1 0 I (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 In min is about 64.13J.lf\. From the Q-point the maximum resistor that can 

be hold in the circuit is lower than 67K. Therefore the resistor chosen is I OK, 3.3K and 

47ohm. 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 SV for the microcontroller input. Figure 4.2 

shows the constructed H-Bridge schematics. 
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2 

-F. 

Figure 4.5: H-Bridge schematic 

23 



I Final Year Project II (EEB 5034) 
Final Report 
Cooling or Heating A Corifined Space Using Peltier Effect Device 

4.2.1 H-Bridge Simulation 

HEATING 

LV' ···----------.,------------d: 
~--~ I Q1 

I 
I 
'------+--f-------

------- ------ r-s 
02N0U591 

---

Figure 4. 6: Forward polarity for Ql and Q4, reverse polarity for Q2 and Q3 

Time 

Figure 4. 7: Graph of voltage versus time for both above circuits 
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COOLING 

Figure 4.8: Forward polarity for Q2 and Q3, reverse polarity for Ql and Q4 

Figure 4.9: Graph of voltage versus time for both above circuits 
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4.3 MieroeontroUer 

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

Input sensor 

Loop 

Send 
signal to 
output 

Calculate the input 
sensor 

Change input from 
analog to digital 

If 
1 O<T <60=loop 
Else=interrupt 

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 I ,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 

(0.25~ts with a 4 MHz crystal oscillator). In this project, the clock multiplit;r 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 m V signal send in. If 

the signal is more than lOOmV and less than 600mV, the H-Bridge circuit will be on. 

0.6V 

Ill 

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 microcontroller, 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; 

Figure 4.12: Final circuit ofH-Bridge circuit 

28 



I Final Year Project II (EEB 5034) 
Final Report 
Cooling or Heating A Co'!fined Space Using Peltier Effect Device 

-1L_To_H_-_Bn_·d_ge_c_irc_u_it-' 

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, Tw = l0°C, Ambient temperature, 

T,=30°C 

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

Volume, v = 0.41 = 0.399947 x 10 '3 m3
• Density, p = 1.2kg I m3

, Specific heat, Cp = 

1.005 kJ I kg. °C, Mass, m = pv = 4. 799364 x 10 -4 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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Qcovlmg = mC!J.T = 0.0096467kl 

Q Qcooling 0.1 07186Js -I 
cooling = /lf 

Where !J.t is the time taken to change temperature of the space from 30°e to woe ( 90s 

from one experiment). 

4.5.2 Calculation of Heat Transfer of the Peltier 

Properties of the Peltier Device:Heat transfer coefficient of the Peltier, hpeltier = 28 WI m2 

. oe, Surface area of the Peltier, A= 0.9 x W ·3 m2 

Temperature:Peltier surface's temperature, Tw = woe, Ambient temperature, Too= T,= 

3ooe 

Therefore, heat produced by the system is 

4.6 Hardware ofthe 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°e 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 cons/ruction of the prototype 
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CHAPTERS 

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., disgnise 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 1 ooc 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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#include <16F877.h> 
#device ADC=8 

APPENDIX A 

PIC PROGRAM 

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

float adc Value, voltage; 

voidmainO 
{ 

setup_adc_ports( ALL_ANALOG ); 
setup_ adc(ADC _CLOCK_ INTERNAL); 
set_adc _channel( I); 

while( I) 
{ 

II Use internal ADC clock. 

delay_us(50); II Delay for sampling cap to charge 
adcValue = read_adcO; II Get ADC reading 

delay_us(50); II Preset delay, repeat every lOms 

voltage= 5.000 * adcValue I 255.000; //0-256 = 2"8 
//voltage calculation for adcValue read given 5V 

if(adcValue >= 2511 adcValue <= 5) //adcValue: 25 = 65 degree celcius and 5 = 10 
degree celcius 

output_low(pin_Bl); 
else 
output_high(pin _ B 1 ); 

} 
} 
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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 5 volts, 9 volts and 12 volts. The last two digits in the name 
indicate the output voltage. 

Name Voltage 

LM7805 · + 5 volts 

LM7809 · + 9 volts 

LM7812 + 12 volts 

• LM7905 •- 5 volts 

. LM7909 - 9 volts 

. LM7912 - 12 volts 

mf'IJT St:RK'S 
OtHJ'OI 

1 I 
I~A'S'i 

' lU:MI:Ht ' 
CUP.R!Ht SQA 

tJHfAATOk PRQtfCIION 

I 
SfAJUif{_;. RffiiUMII:f lAAQi< 

CIRCUIT VOtTAG£ I~MPLif-tf:R 

fHfRMAI f---PRO lf CHOM 
~~~tfU 

Gltl'i l ' 
LM78051ntegrated Circuit Internal Schematic- Fairchild SemicQ.!lductors 

The "LM78XX" series of voltage regulators are designed for positive input. For 
applications requiring negative input the "LM79XX" series is used. 



Symbol for a Voltage Regulator. 

This device looks like a Transistor, 
but it is actually a complex 

Integrated Circuit 

A LM7805 Regulator 

o• s 
·~ 

Co!hmon 

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

The LM7805 can reliably deliver 1 amp at a co~_stant voltage. ------- , ______ , __ , 

How it Works: 
The transformer drops the 240 volt 'mains' voltage to 8.5 volts. 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 0.1 uF 
capacitor eliminates any high frequency pulses 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 will shut down 
before damage occurs. The only way to destroy a regulator is to apply reverse 
voltage to its input. 

Reverse polarity 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 
1 N4004, 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. 

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 will 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 series. These transistors 
can pass several amps quite safely. 

TIP2955, etc 

i Vottage In Voltage Out 

0.33uf 

Increasing the Output Current 

It is possible to increase the output voltage 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 volt supply. 



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

-~~· 7805 
1~----:-....--1--Votage In JOPUII lout 

COM 

: 0.1uf 
R1 

• 

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 volt 
integrated circuits. They use either LM7805, or LM7812 regulators. 
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TIP125/126/127 

Medium Power Linear Switching Applications 
• Complementaty to TtP12011211122 

' T0-220 

1.Base 2.Collector 3.Em!tter 

PNP Epitaxial Darlington Transistor 
Absolute Maximum Ratings Tc=25"C unless othe!Wise noted 

!':~L!I....t.nt Clto~t ...... ....-. . ... """' ' v,~ Collector-Base Voltage :TIP125 ... v 

·1)$ :TlP128 ... v 
:T1P127 -'" v 

Collec:tof-EmttterVollage : TlP125 -60 v 
VcEO :TIP126 -80 v 

: T1P127 _,., v 
v Emitter-Base VOltage _, v 
I COIIeclor CUrrent {DC) -5 A 
I Collectl:lr Cumml (Pulse) -· A RL;Skll ' 
I Bas& Current (DC) -120 mA 

R2,0.12kU 

Po CollectQrDisslpatlon (f.=2S"C) 2 w 
CotlectorOisslpatlon (T c=25"C) 85 w 

T Junction Temparattll'e 150 " T., sro elemperatum -65-150 " 
Electrical Characteristics Tc=25"C unless otheiWise noted 

Symbol ·- Test Condition Min. .... ..... 
Vceo{SUS) COIIector-EmlttM Sustallllng VoMage 

:TIP125 lc=·100mA,Ie=O ~0 v 
:TIP126 ... v 
:TIP127 -120 v 

IcED Collector Cut-off Current 
:TIP125 VeE= ·30V, Ia = 0 ·2 mA 
:TIP126 VeE" -40V, Ia • 0 ·2 mA 
:TIP127 VeE • ·50V, Ia = 0 -2 mA 

I ceo Collector Cut-off Cum~nt 
:TIP125 Vee= -80V, IE"' 0 ·1 mA 
:TIP126 Vee • .aGV, IE,. 0 ·1 mA 
: TIP127 V09 =-100V,IE=O -1 mA 

l~o Emiller Ct.ll-off Current VaE=-5V,I0 =0 -2 mA 

"" • DC current Gain VeE= -3V, lc = 0.5A 1000 
VeE= ·3V, le'" ·3A 1000 

Vce{Siilt) • Collector-Emitter Saturstloo VOltage ic=-3A,Ia=·12mA ·2 v 
lc=-SA. ia=·20mA ~ v 

Vae(on) • Base..Emltler ON VOIIage VeE" -3V, lc"' ·3A -2.5 v 
Coo Output Cap&ea:ance Vea= -10V, IE= 0, f= 0.1MHz 300 pF 

·~r.ot,~o,DJ:ycyclt.:z% 
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TRADEMARKS 

The following are registered and IJflregJstered lrademarlu> Faifctllld semltonductQr OWII!I or Is authorized to use and Is not 
Intended to be an elehausllve list of all such trademarks. 

ACExno FASrC' OPTOPLANARTM STAR"PO\NER'!M 
Bottomless111 FASTrno PACMANn. Stealth™ 
COOIFET™ FRFETlM PQP'RI SuperSOT'rv-3 
CROSSVOLTN GlobaiOptoisolatorlM Power247'1"' SuperSQTliii..S 
DenseTrenchTM GTQlM PowerTrench411 Super8QTTM..S 
DOME"~~~~ HISeClM QFET""' SyncFET"N 
ECOSPARKTM ISOPLANARTM as~ TruTranslation'~~~~ 

E2CMOS'~'~~~ llttleFETlM QTQptoelectronlcsTM Tinyloglc™ 
EnSignaTM MicroFET 1111 Quiet Series"" UHCl1ol 
FACTTM MICROWIRE'*" SLIENT S\o\f\TCHER"' UltraFE,.e 
FACT Quiet Series TM OPTOLOGICno SMARTSTART"N VCXlll 

STAA"PP'NER Is used under license 

DISCLAIMER 
FAIRCHII.D SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES Vu'ITHOUT FURTHER NOTICE TO ANY 
PRODUCTS HEREIN TO IMPROVE RELIABIUTY, FUNCTION OR Ofi:SIGN. FAIRCHILD DOES NOT ASSUME ANY 
LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PROOUCT OR CIRCUrT DESCRIBED HEReiN; 
NEITHER 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 CRlTJCAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRESS 'M"':ITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR 
CORPORATION. 
As U5ed het91n: 
1. Lire suppmt <Sevtces or systems are devices or systems 2. A critiCal component Is any component of a Nfa support 
which, (a) are Intended for aurgloallmpla:nt Into the body, device or system whrm11 faHure to pelform can be 
or (b) support or sustain lire, or (c) whose failure to perfolm reasonably e:wpected to cause the faHure oflhlllffe support 
when properly used In accordance with Jnslnlctlons for use device or system, or to affect Its safety or effectlveiH!SS. 
prfMded In lh& lab&Jng, can be reasonably expectlld to 
result In significant Injury to the user. 

PRODUCT STATUS DEFINITIONS 

Dellnltlon of Terms 

--" PnKiuet Statu. connm~ 

AQvance lnformllllon Form&Uve ot In This datasheet contains the design speclllcat!orn~ tor ., .. " prodl.ld. doveloptllllnl. Speclflcallons ml!ly d!ange In 
any manner without notice. 

PreHmlnary Arst Production This datasheet contains prelfmlflary data, alld 
suppleR'Iflntary data wiR be published at a later date. 
Falldllld 8emieonduc:lor reserves the right to make 
changtJS at any ume without notice In order to Improve -· No ldentHk:aUon Needed Fufl Produdlon This dalastleet contains final speclllcallons. FaiFChlki 
8emlconductor 1t!$8rv&S the light to make cllanges at 
any Ume wRhout notice In order to Improve design. 

0,_ Not In PtoductiOn This datasheet contains speclllcations on a product 
that has been dlsOD!'llinued by Faildllld semiconductor. 
The datasheetls prtnted for rererence Information only. 
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Typical characteristics 
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Figure 3, Output and Input Capacitance 
va. Reverse Voltage 
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Figure s. Power Derating 
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Figure 2. Base-emitter saturation Voltage 
Collector-Emitter saturation Voltage 

..... :------+,,.---...J'-1,,!;._) 
VooM. COU.ECTOF!·EMITT!!R VOlTAOE 

Flg~m~ 4. Safe Operating Aroa 

~..,A,.Ju .. mt 

~ 
~ 

~ 
~ 
~ 

~ 

I=AII=ICHIL.C 
SSMICONCUCTOF=<:~ 

TIP120/121/122 

Medium Power Linear Switching Appllcauons 
• Complementary to TIP1251126/127 

' T0.220 

LBase 2.CoHector 3.Emltter 

NPN Epitaxial Darlington Transistor 
Absolute Maximum Ratings T c=25"C unless ottJenvlse noted E~ulvlllllntCI~R ....... Parameter ·- .... ' 
v,~ CoHector-Base Voftaoe :TIP12G " v 

U$ :TIP121 80 v 
:TIP122 "0 v 

VcEO Colledor-Emlttervottaga : TIP120 80 v 
;TIP121 80 v 
:TIP122 "0 v 

v,~ Emitter-Base VOltage 5 v ,, Collector Current (DC) ' A Rl,.akn ' '" Collador Current (Pulse) 8 A RZ .. O.I2kU ,, Base Current (DC) 120 mA 

Po Collector Dissipation (T.=25"C) 2 w 
Colledor Dissipation (T c=25"C) " w 

T, Juncllon Tampellllure 150 'C 
T,,. Storage Temperature -65-150 'C 

Electrical Characteristics Tc=25"C W1less olheiWI!!e noted .,.. ... '"""""" Test Coltdltton Min • ..... """ VcEo(sus) Collector-Emitter Sustaining Voltage 
:TIP120 lc"' 100mA, 18 = o 80 v 
:TJP121 80 v 
:TIP122 100 v 

lcEo COUeclor Cul·OIJ Current 
: TIP120 VcE"30V,ta=O 0.5 mA 
:TIP121 VcE=40V,Is"0 0.5 mA 
:TIP122 VcE"'50V,!s"O 0.5 mA 

lceo COllector Cut·olr current 
:TIPf20 Vc8 =&0V,te=O 0.2 mA 
:TlP121 Vcs•80V,Ie'"0 0.2 mA 
:TIP122 Vcs'"100V,lE=O 0.2 mA 

"' Emitter Cut·otr Cummt VBE"5V,I0 =0 2 mA 

"" • DC Current Gain VeE,. 3V,10 ~ 0.5A 1000 
VcE=3V, lc= 3A 1000 

Vc;;(sat) • COHeetor-Emltler satutollon VOltage lc = 3A, 18 = 12mA 2.0 v 
lc=SA.t =20mA 4.0 v 

VsE(on) • Base-Emitter ON VOltage VcE=3V,Ic=3A 2.5 v 
Coo Output capocilance V09 = 10V, le= 0, f= 0.1MHz 200 .. 

"NMToot:~DutyO)'Cioal6 

02001F~ .... --"""'"'"""" 
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TRADEMARKS 

The rollowing are registered and unregistered trademalts Faild!Jid semfoonductor owns or Is e\JltlorWid to use and Is not 
Intended to be an exhaustive list of all such trademarla 

ACExlM FAST* OPTOPLANAR"" STAR"POWERTM 
Bottomless TM FASTr''~ PACMAN'"" Stealthm 
COOlFETTM FRFETlM POPTM SupetSQTTM-3 
CROSSVOLTTU GlobalOptoisoJatorTM Power247TM SuperSQT1M-6 
DenseTrenchm GTQm Power Trench® SuperSOT 1111-8 
DOME 1M HISeClM QFETm SyncfETm 
ECQSPARKTM ISOPLANAR™ asm TruTranslation..,. 
E2CMQSTM LittleFET'Illl QT Optoelectronics 'Till Tinyloglcm 
EnSJgnaTM MicrofETTV Quiet Series m UHC'I\\ 
FACT™ MICRO'NIREl>l SLIENT SlMTCHE~ UltraFE-re 
FACT Quiet SeriesTM OPTOLOGICTM SMART START'~~~~ VCX'llo! 

STAR*f>O'IIER ts used under license 

DISCLAIMER 
FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY 
PRODUCTS HEREIN TO IMPROVE RELIABIUTY, FUNCTION OR Dfi:SIGN. FAIRCHILD DOES NOT ASSUMS ANY 
LIABIUTY ARISING OUT OF THE APPUCATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN: 
NEITHER DOES IT CONVEY ANV LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS. 

UFE SUPPORT POUCY 

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITl-IOUT THE EXPRESS \1\fliTTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR 
CORPORATION. 
AS USPd hPreln: 
1. Ufp support deviCPS or systems are dPvices or systPms 2. A critlcall:OmponPnt Is any component of a life support 
wtllth, (a) are Intended fOf surgical Implant Into thP body, de'ke or system whose failure to pefforrn can be 
or (b) support or sustain life, or (c) whose fallllre to perform reasonably e~CpPctiKI to cause 11\e falure of the life support 
when property used In IICCO!dance wHh IMtnlctions for use de~ or system, or to alfecllls safety or effectiveness. 
provided In the labeling, can be reasonably expected to 
result In significant Injury to the user. 

PRODUCT STATUS DEFINITIONS 

DefinitiOn or Terms 

Datalheet ldanttficatiort Product Status Dotlnm~ 

Advance Information Formative orin This datasheet contains the design speelllcations for 
Oeelgn product development. SpecificatiOns may change In 

any manner without nollce. 

Prellmlnll"Y Arst Production This datasheet contai1s preliminary data, and 
supplementary data wiH be published at a later date. 
Falrchld 8emlcondt!Cior reserves the right to make 
changes al any ume without notice In order to Improve 
design. 

No ldenllficatlon Needed Full Production This datashpet contains final specifications. Fairchild 
Semiconductor reserves the right to make changes at 
any time without notice In oraer to Improve design. 

Obsolete Not In Production This datasl\eet contains speclfleatlons on e produd 
thPI has bePn dlscontlrwed by Faltmlld semlcol"lductor. 
The datasheet Is printed for reference lnfonnatlon only. 
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PN2222 

General Purpoee Transistor ·j 

' TCl-92 

1. Emitter 2. Base 3. Collector 

NPN Epitaxial Silicon Transistor 
Absolute Maximum Ratlnga r ... 2S'C untess otherwise noted - .. ~- Valua """' v, .. Co~or-Base VOltage eo v 

Vceo Collet;ltor-EmlttetVO!IaOe "' v 
v.,o Emitter-Base votlage 5 v ,, Colledor Current "' mA 
Po COileGtor Power Dissipation '" mW 
r, Junctbn Temperature 150 •c 
Tsra St0111ge Temperature -55~ 150 •c 

Electrical Characteristics T1=25"C unless otherwise noted .,.. .. , .. ....- 1Ut Condition Min. .. •. """' BVcao Collector-Base Breakdown Voltage lc=10)lA, IE;'"O .. v 
BVceo COIIectof Ernttler Breakdown Voltage lc=1DmA, 18•0 "' v 
BVeao Emitter-Base Bn.lakdown votage le=10J.IA, lc•O 5 v 
lcao COIIeelof Cut-off Current Vce=SOV, leatl 0.01 "' ''" Emitter Cut-off Current Vea•3V, lc=O 10 oA 

"" DC Current Gain Vce"'10V, t0=0.1mA " VcE"10V, "lc•150mA 100 3011 

Vce(sat) * COllector-Emitter saturatloQ Voltage lc"'SOOmA, t8..SOrnA 1 v 
Vee {sal) * Base-Emitter Saturation VOltage lc'"500mA, 1a•50mA ' v 
~ current Gain Ban<lwlclth Pfoduct Vce"'20V, lo=20mA, f!otOOMHz "'' ""' Coo Output capacllance V08•10V, le"'((, f=tMHz 8 pF 
'""-'T•tPuloo~,DLty~ 

........ ...,.,..,_""'~ ~ .. ,.,_"""" 
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TRADEMARt::l~ --- ----·--
Th~ following ar' rer~lstered and , uagisterl!d tradn nata Fairchild t: ~mioonductor awn 
krta.ndad to be! e,.11ausdve list :rf all $Uc:h traden~;•rkr.. 
ACExm FASt«' I::OI'LANAR.,. 
AcUveArray.,. 
Bottomless"" 
C-:JOIFETTM 
CFtOSSVOL r· '' 
DOME""' 
EcoSPARK"" 
E2CMOS"' 
EnSigns.,.. 
FACTm 
Fft.CT QuietS• ias"" 

FASTr"'· 
FPSTM 
FRFEF" 
GlobaiOt' oisolator"' 
GTO"" 
HiSGC"' 
t2ctu 

1-Lo"' 
lmplledD .cormect:TM 

UtlleFET"' 
MICROCOUPLEI':m 
r.rllcroFET',. 
r.~torof'al<.'"" 
loi!CROWIRETM 
r.rtSX">~ 

l·riSXPro"' 
ocx .... 
OCXPro"" 
OPTOLCGIC® 

At:rosa ltle boH l Around the ~. Jilcl. TN t:>PTOPLA~R w 
ThaPawerFrar·chso8 f'.(I,CMANTM 
Pmgrammabl8 .:\ctive Droop"'.. P :lP"' 

DISCLAIMER 

Power247"" 
PowerEdge 
P~avar 
PowerTrencll' 
am• 
QSN 
QT Optoeleclro• 
Qule!Setia: 
RapldConfit 
RapldConn, 
pSOrOesTM 
SILENTSWl' 
SMART ST. 
SPMTIII 

FAIRCHILD SE ,, !CONDUCTOR f:ESeRVESTHE ~IGHTTO MAKE CHANGES WITH 
PRODUCTS HI: ~EIN TO IMPR·::VE RE.LlABILrr", FUNCTION OP. DESIGN. FAIRCHI 
LIABILITY ARI! liNG OUT OF n1:: API'LICATIOI·. OR USE OF #JY PROOUCT OR 
NEITHER DOE;: IT CONVEY A~ ''LICENSE UNtii!R ITS PATENT RIGHTS, NOR -HI 

UFE SUPPOli:T POUCY 

FAIRCHILD'S I'IWDUCTS ARE NOT AUTHORt.::e.o FOR USE iiS CI~ITICill C· >I 
DEVICES OR CYSTEMS WT!I)(JT THE EXPf':ESSIIIIRrrrE~l APPROVAL 01 
C(IRPORA TIOi . 
As used herein: 
1. Life support 1 •' vit>~.~S or systerr~: a~ llevices or ~::•slt!ms 
wh\ch, (al are 11 ilendell for surglo::ll implant klto th•' body, 
or :b) support01 ~;ustaln life, or (c ~h.OSII failure to ::erl>mn 
when property l !'ad in acoordartc :· w~h. lnstr\ICtkln~ 'or use 
prO'II!IIId In the llbellng, can be l!lasonably exp!••:t"d to 
resun In sJgnlllc 1 11 l1jury to the u; Jr ---
PRODUCT S'',\TUS OEFINI'I'IONS 

Deflnltlun of !'anns 

2. A ~.rtllcal com~oue·: i.' 
davie~ or ~;ystem '' 1<• 
r&asol'lllbly expe1~ed t • (1, 

de\'lc·~ or sts\8!TI. or II• a 

----- ------ Produet·;;;;;;-r-----·, 
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PIC16F87X 

Pin Dlaarams 

PDIP, SOIC 

ti""RNPI'­RNN-­RA11AN1-
....., __ 
RA3/ANSJI.'Ia;F+­

"""""'­--­v~-OSC11CLKW­
OSWCU<arr­

RCIIIT10SOIT1CKF­
RC1ff10SIICCP2-

RC21CCP1-

"""""'"--

QFP 

., 
' ' i ' ' ' ' il 
' • 
' u 

" " 0: 
" " " " " " " " 

111111111 
~~i!~~~!~~H 

~~~.~~~;; 
~~ 

-RBJIPGD - """""" _.., _.,. 
-RB31PGM _., 
-RB' - """"' -----RCTIRXIOT 

-·"""""" - """""' - RC4ISOIISOA 

PLCC 

NC 
- RCCVT10SOIT1CKI 
- OSC2ICI.KOUT 
- OSC1/CLKIN ----- RE21AM'.§. 
- RE11AN!LY!:B ==:= - """""" 

lb1U1~h 
I 
........ .,...,-~~~;~. 

' 0 

' ' " " " " " " " 1~!! 

~ 
MICROCHIP PIC16F87X 

28/40-Pin 8-Bit CMOS FLASH Microcontrollers 

Devices Included In this Data Sheet: 

• Ptc16F873 • PIC16FS76 
• PIC16F874 • PIC16F877 

Microcontrollar Core Featurn: 

• High performance RISC CPU 
• Only 35 single word Instructions to team 
• All Bingle cycle fnstructlons e.IIC8pt for program 

branches which are two cycle 
• Operating speed: DC • 20 MHz clock Input 

DC - 20D ns instruction cycle 
• Up to 8K x 14 words of RASH Program Memory, 

Up to 368 x 8 bytes of Data Memory (RAM) 
Up to 256 x 8 bytes of EEPROM Data Memory 

• Pinout compatible to the PIC16C73B/74BI76m 
• Interrupt capability (up to 14 sources) 
• Eight level deep hardware stack 
• Direct. lndi19Ct and relative addressing modes 
• Power-on Reset (POR) 

• Power-up llmer (PWRT) and 
Oscillator Start-up Timer (OST) 

• Watchdog llmer (WOT) with Its own on-chip RC 
oscillator for reliable operation 

• Programmable code prolectlon 
• Power saving SLEEP mode 
o Selectable oscillator options 
o Low power, high Sf)88l;l CMOS FLASHJEEPROM -o Fully ataUc design 

o ln-Clreult Serial Programming""' (fCSP)via two 
pins 

o Single W ln-Citeuit Serial Programming capltbiDty 
o In-Circuit Debugging via two pins 
o Processor readlwrlte aCC88s to program memory 
o Wide operating vollage range: 2.0V to 5.5V 
• High Sink/Source CUrrent: 25 mA 
o Commeidal, Industrial and Extended temperature ...... 
• Low--power consumption: 

M < 0.6 mA typical@ 3V, 4 MHz 
• 20 JiA. typical @ 3V, 32 kHz 
• < 1 pA typical standby current 

PlnD~m 

PDIP 

"'"""'"­..,~-
ft.MIN\11-

~--­-­"""""' -RAII'-.i§-
Recriii~Nol5-

RE1.iVR!ANe -
~AN7-

~--­""·--­O!iC21U.KOUT_, 

R(l(VNOSOIT1CKI -
RC1/T10SIICCP2 -

"""""'-­"'"'"'"'--
~-
""""""-

' ' ' • 
' ' ' • 
' '" 
" " " " " " " " " ~ 

Peripheral Features: 

'-'~ -11117/PGD 

" -~ " ---" --M --H 
_.., .. ~ 

~ " " " " Ill a 

-~· --------~ --~ 
a 

" a 
-------~-~ -~ 

~ -""""" ~ - RC..-so~SDA 

" --" ---
• TIIT1er0: 8-blt timer/counter wilh 8-bit prescaler 
• l1mer1: 16-blt timer/counter with prescaler, 

can be incremented during stEEP via external 

""'""""'" • llmer2: 8-blt tlmer/cowuer with 8-blt period 
ragiater, prascaler end postsceler 

o Two Cspture, Compare, P\IVM modules 
M Capture Is 16-blt. max. resolution is 12.5 ns 
• CompaN is 11Hl!t, max. resolution Is 200 ns 
M PWM max. resolution is 1 O.blt 

o 10-bit multi4lannel Anatog.to.Oigltal converter 
o ~Serial Port(SSP) with SPI"' (Master 

mode) and t2c"" (MastariSiave) 
o UniYersal Synchronous Asynchronous Receiver 

Transmitter (USART/SCI)wlth 9-bit address 
delocUon 

o Parallel Slave Port (P~ 8-blts wide, with 
external RD, WR and CS controls (40/~ only} 

• 8I'O'IYIH)UI detection circuitry far 
Brown-out Reset (BOR) 



PIC16F87X 

..... -PICmlcto •llfci.Range Referwnc:e PIC16F873 PIC111FI74 P1Ct8F878 PIC1em7 
M•nual (DS33023) 

Operating Frequency DC-20MHz OC-20MHz DC-20MHz DC-20MHz 
RESETS (and Delays) POR, BOR POR,BOR POR,BOR POR,BOR 

(PWRT,OST) (PWRT,OST) (PWRT, OST) (PWRT,OST) 

FlASH Program Memory 
4K 4K 8K 8K (14-blt words) 

Data Memory (bytes) 192 192 388 388 
EEPROM Data Memory 128 129 256 258 

Interrupts 13 14 13 14 

VOPorls PortsA,B,C Ports A.B,C,D,E Ports A,B,C Ports A,B,C,D.E 

Tm""' 3 3 3 3 
Cspture/Compate/PWM Modules 2 2 2 2 

Serial Comrnunieatlona MSSP, USART MSSP, USART MSSP,USART MSSP, USART 
ParaNel Communlcallons PSP PSP 

10-blt Analog-to-Digital Module Slnput: ctl&nf1els 8 input dlannels 5 Input channels &Input channels 
lnstruction Set 35 instructions 351nstructlons 351nstrucllons 35instructlons 



PIC16F87X PIC16F87X 

TABLE 1-2: PIC11F874 AND PIC16F877 PINOUT DESCRIPTION TABLE 1~1: PIC16F873 AND PIC16F878 PINOUT DESCRIPTION 

........ DIP 80IC """ -· -.... ..... - -OSC1/CU<IN 9 9 I sr!CMOSPJ Oscillator crystal JnpulleKtomal clock source Input. 

OSC2/CLKOUT 10 10 0 Oscillator crystal oulpul Connects to crystal or resonalof In 
crystal caclllator mode. In RC mode, lhe OSC2 pin output!l 
CLKOUT which haa 1/4 the frequency of0SC1, and denolea 
the lnst!uct!on cycle rate. 

MCLRN"' 1 I liP ST Master Clear (Reset) Input or programmir~g VDitage Input. Thla 
pin Is an active low RESET 10 11\o devic&. 

PORTAls a bl-dlrectiDnaJ 1/0 port 

RAO/ANO 2 3 19 110 m RAO can also be analog ilputO. RAO/ANO 2 2 uo TTL RAO can also be analog lnpulO. 

RA1fAN1 3 4 20 110 TTL RA1 can alao be analog ilput1. RA1/AN1 3 3 uo TTL RA1 can al110 b$analcg loput1. 

RA2/NUIVR.EF· 4 5 21 110 TTL RA2 can alao be a111log lnput2 Of negative 
anakJg ref&nlnca voltage. 

RA2/AN2NREF· 4 4 uo TTL RA2 can ai8o be e1111log lnput2 or negallve anaklg ---· RA3/AN3/VREF+ • 6 Z2 110 m RA3 can also be anal09lnput3 or posiiiYe 
analog reference voltage. 

RMffOCKI 6 7 " 110 ST RM can also be tile clock Input to the Timer() tim&r/ 
counter. Output Is open drain type. 

"""""""" 7 6 24 110 TTL RAIS can also be analog lnpul4 or the alawl seJed: for 

•• 

RA31AN3NREF+ 5 5 "' TTL RA3 can also be analog input3 or positive analog 
refenlnca voltage. 

RA4/TOCKI 6 6 uo ST RA4 can a!ao be the dock Input to tiM Tlmero 
modullt. Output 18 open drain type. ...-... 7 7 1/0 TTL RA5 can also be analog lnput4 or the &lave select 
fur tna l)'ndlrcmoua aarta1 port . 

PORTE -· RSO/"T 

IE 
36 6 uo TTLIS"P'I RBO can ai!IQ bathe axtemBIIntemJpl pin. 

RBI 37 9 110 TTL 
RB2 36 10 uo TTL 

36 39 11 "' TTL I RS3 can also be the low voltage programming Input. 

37 41 14 uo TTL lntemlpt-on-chango pin. 

36 42 15 110 TTL lntllrrupt~nge pln. 

39 43 16 uo mJSli'l lntllrrupt-on-change pin or In-Circuit Debugger pin. 
S8rial programming clock. 

17 110 TTlJSl"' lntemJpt..on-change pin or In-circuit Debugger pin. 

PORTe Is a bkllrectlonall/0 port. PORlB can bEt &Dftwara 
programmed for lntemal weak pull-up on all inputs. 

RBO/INT 21 21 uo TILIS'flll RBO can al&o be lhe axternallntemJpt pin. 

RBI Z2 22 110 TTL 
RB.2 23 23 uo TTL 
R83iPGM 24 24 110 TTL RB3 can ai8o be lhe lew voltage programming input. 

RB4 25 25 uo TTL lntemJpt-on-chenge pin. 

RBS 26 26 110 TTL tnterrupl-on-change pin. 

Rll6/I'GC Z7 Z7 uo TTllBT<'I Interrupt-On-Change pin or In-Circuli OebiJOgar pin. Serial 
programming clock. 

RB7/PGD ,. ,. uo TTlJS1i'T lnterrupt..on.change pin or ln-Cil:ull Debugger pin. Serial 
programming data. 

Serial programming data. 

Legeoo: 1 = rnput O=output 110 = input/output P=pawer 
-=Notused TTL = TTL Input ST = SchmittTrlgget inpU'I 

Note 1: ll'lls buffur Is a Schmllt Trigger Input when IXll1f9.lred as an external interrupt. 
z: This buffer is a Sehrnln Trip!' Input when used In Serial Programming mode. 
3: This butTer Is a Schmitt Trigger Input when configured as general purpoee 110 and a TTl Input when used In the Parallel 

Slave Part mode (for Interfacing to a mk:ic;pi crbus). 
4: Thill bllffer Is a Schmitt Trigger Input when configured In RC oecilator mode and a CMOS Input olh&IWise. 

PORTC ill a bkllrecti:mall/0 port 

RCOIT10SO/T1CKI 11 11 uo ST RCO can also be the Tlmer1 oscillator outp.ut or Trmer1 --RC1rr10SIICCP2 12 12 110 ST RC1 can also be the 11mer1 oeclltalor lnptrt or Capture2 
lnpui/Compere2 outpUI/PWM2 OI.Jipul. 

RC21CCP1 13 13 1/0 ST RC2 can allo be the Capture11nput/Compare1 oulpUtl 
PWM1 oulput 

RC31SCKISCL 14 14 110 ST RC3 can also be lhe syneh!Onous serl81 clock input/output 
for both SPI and 12c modes. 

RC4ISOIJSOA 15 15 110 ST RC4 can abo be the SPI Data In (SPI rnoc!e) or 
data 110 (i2c mode). 

RC5ISOO 16 16 110 ST RC5can lllso be the SPI Data Out (SPI mode). 
RC6In<JCK 17 17 110 ST RC6 can abo be the USART Asynchronous Transmit or 

Synchronoos Clock. 

RC7/RliiOT 16 16 110 ST RC7 can elao be the USART AsynehtonOIIS Receive or 
Synchronous Data. 

"" 8, 19 8,19 p Ground reference for logic and 110 pins. - 20 20 p Positive supply for Iogie 8f1d 1/0 pins, 

Legend: I = Input 0 = oulput 110 "' k\ptllloutput P = power 
-=Not used m = m Input sr =Schmitt Trigger rnput 

Noll! 1: This bull'er Is a Schmitt Triggarlnpl.ll when~~ as the e:demsllnlemlpt. 
2: This bufrer Ia a Schmitt Trigger Input when IIS8d in senar Programming mode. 
3: This buffer Is a Sdimilt Trigger Input wtlen oonfigured In RC oscillator mode and a CMOS Input otherwise. 



PIC16F87X 

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

Pin Name 
DIP PLCC 
Pin# Pin# 

RCOff1 OSOff1 CKI 15 16 

RC1ff10SVCCP2 16 18 

RC2/CCP1 17 19 

RC3/SCKISCL 18 20 

RC4/SDIISDA 23 25 

RC51SDO 24 26 

RC61TX/CK 25 27 

RC7/RXIDT 26 29 

RDO/PSPO 19 21 

RD1/PSP1 20 22 

RD2/PSP2 21 23 

RD3/PSP3 22 24 

RD4/PSP4 27 30 

RDS/PSP5 28 31 

RD6/PSP6 29 32 

RD7/PSP7 30 33 

REOIRD/AN5 8 9 

RE1/WRIAN6 9 10 

RE2/CS/AN7 10 11 

Vss 12,31 13,34 

VDD 11,32 12,35 

NC - 1,17,28, 
40 

Legend: I = Input 0 = output 
-=Not used 

QFP 
Pin# 

32 

35 

36 

37 

42 

43 

44 

1 

38 

39 

40 

41 

2 

3 

4 

5 

25 

26 

27 

6,29 

7,28 

12,13, 
33,34 

UOIP Buffer 
'JYpe Type 

110 ST 

110 ST 

110 ST 

110 ST 

110 ST 

110 ST 

110 ST 

110 ST 

110 STmLI31 

1/0 STmtl31 

110 STmtl31 

110 STmtl31 

110 STITTLI31 

1/0 STmtl31 

1/0 STmtl31 

uo STmLI31 

1/0 STmtl31 

110 STmtl31 

110 srmtl31 

p -
p -

-

110 = input/output 
TTL = TTL input 

Description 

PORTC Is a bl-direclional VO port. 

RCO can also be the Timer1 oscillator output or a 
1imer1 clock input. 

RC1 can also be Ule Timer1 oscillator input or 
Capture2 input/Compare2 output/PWM2 output. 

RC2 can also be the Capture1 input/Compare1 
outpuUPWM1 output. 

RC3 can also be the synchronous serial clock Input/ 
output for both SPI and 12c modes. 

RC4 can also be the SPI Data In (SPI mode) or 
data i/0 (i'c mode). 

RC5 can also be the SPI Data Out (SPI mode). 

RC6 can also be the USART Asynchronous Transmit 
or Synchronous Clock. 

RC7 can also be the USART Asynchronous Receive 
or Synchronous Data. 

PORTO is a bi--directional I/O port or parallel slave port 
when interfacing to a microprocessor bus. 

PORTE is a bi-diMctional 1/0 port. 

REO can also be read control for the parallel slave 
port, or analog InputS. 

RE1 can also be write control for the parallel slave 
port, or analog inpul6. 

RE2 can also be select control for the parallel slave 
port, or analog input7. 

Ground reference for logic and UO pins. 

Posttlve supply for logic and 110 pins. 

These pins are not internally connected. These pins 
should be left unconnected. 

P =power 
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 1/0 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 configured in RC oscillator mode and a CMOS input otherwise. 

© 2001 Microchip Technology Inc. DS30292G-page 9 



APPENDIXH 

Peltier Effect Device Data Sheet 

Ambient = 30C 
Item Max Delta Max Max Max 
Number DescriPtion T Voltage Current Wattage Length Width Thickness 

1-01704 Single Stage TEC 68 2.1 4.5 5 15.0 15.C 4.8 
1-03104 Single Stage TEC 68 3.8 4.5 10 20.0 20.C 4.8 
1-07104 Single Stage TEC 68 8.6 4.5 22 30.0 30.0 4.8 
1-12704 Sinale Stage TEC 68 15.4 4.5 40 40.0 40.0 4.8 
1-01705 Single Stage TEC 68 2.1 5.5 7 15.0 15.0 4.0 
1-03105 Single Stage TEC 68 3.8 5.5 1' 20.0 20.0 4.0 
1-07105 Single Stage TEC 68 8.6 5.5 27 30.0 30.C 4.0 
1-12705 Sinale Stage TEC 68 15.4 5.5 49 40.0 40.0 4.0 
1-01706 Single Stage TEC 68 2.1 6.5 8 15.0 15.0 3.9 
1-03106 Sinale Staae TEC 68 3.8 6.5 14 20.0 20.0 3.9 
1-07106 Single Stage TEC 68 8.6 6.5 32 30.0 30.0 3.9 
1-12706 Single Stage TEC 68 15.4 6.5 58 40.0 40.0 3.9 
1-01707 Single Stage TEC 68 2.1 7.5 9 15.0 15.0 3.9 
1-03107 Single Stage TEC 68 3.8 7.5 16 20.0 20.0 3.9 
1-07107 Single Stage TEC 68 8.6 7.5 37 30.0 30.0 3.9 
1-12707 Single Stage TEC 68 15.4 7.5 67 40.0 40.0 3.9 
1-01708 Single Stage TEC 68 2.1 8.5 10 15.0 15.0 3.6 
1-03108 Single Stage TEC 68 3.8 8.5 18 20.0 20.0 3.6 
1.07108 Single Stage TEC 68 8.6 8.5 42 30.0 30.0 3.6 
1-12708 Single Stage TEC 68 15.4 8.5 76 40.0 40.0 3.6 
1-12702 Single Stage TEC 68 15.4 2.0 18 30.0 30.C 4.6 
1-12703 Single Stage TEC 68 15.4 3.0 27 30.0 30.0 3.8 
1-12704 Single Stage TEC 68 15.4 4.0 40 30.0 30.( 3.4 
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Connection Diagrams 

T0-46 
Metal Can Pecll.age• 

'@ @f ., '"' 
IlNDO" ....... 
OI!\IOM1ilol 

•ease Is oomec:ted to ,_live pin (GND) 

Order Number LM315H, LM35AH, LM35CH, LM35CAH or 
LM35DH 

www.natlonal.com 

See NS Pactt:aga Number H03H 

~ 
Plastic Packege 

eJ .,,..., 
-·~ 

Order Number LM35CZ, 
LM35CAZ or LM35DZ 

See NS Package Number Z03A 

' 

..,.. 
Smail Outline Molded Paokllge 

N.C.= No Connac:llon 

'··o· "· N.C. 2 7 N.C. 

N.C. ! ! N.C. 

GNO ~ ~ N.C. _, .. , 
Top VIew 

Order Number LM35DM 
See NS Package Number MOM 

T0·220 
Pintle Peckage• 

~ 
" ~SOT 

+Vs U U U v001 

'"" -·­"Tab Is COI1nected 10 the nuga~ve pin (GND). 
Ncnt: The lM35DT pkloulle dl!ferantlhen the ~ LM35DP. 

Order Number LM35DT 
See NS PICkage Number TA03F 

tfiNational Semiconductor 
November 2000 

LM35 
Precision Centigrade Temperature Sensors 

General Description 
The LM35 sarles 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 sensora caiiOrated in 
' Kelvin, as the user is not required to subtract a large 
constant voltage from Its output to obtain convenient Centl­
grade scaling. The LM35 does not require any extemal 
calibration or trimming to provide typical accuracies of±'A'C 
at room temperature and ±%'Cover a full -55 to +150'C 
temparature range. Low cost Is assured by trimming and 
calibration at the wafer fever. 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 suppflas. As It draws only 60 ~A from Its supply, It has 
very tow self-heating, lass than 0.1'C In still air. The LM35is 
rated to operate over a -55' to +150'C lemparature range, 
while the LM35C is rated for a -40'\o +110'C range (-10' 
with improved accuracy). The LM35 sarles is available pack-

Typical Applications 

•• 
2;__, 
y-D,.+lUIIIVl'C 

~ 

FIGURE 1. Basic Centlgradil Temperature Sensor 
{+2'C to +150'C) 

ICI2000 National Semiconductor Co!pora!lon OS005516 

aged In hermetic T0-46 transistor packages, while the 
LM35C, LM35CA. and LM350 are also available in tlle 
plastic T0-92 transistor package. The LM350 Is also avail­
able in an 6-lead surfaca mount small outline package and a 
plastic TQ.220 package. 

Features 
• Calibrated directly in' Celsius (Centlgrada) 
e Linear+ 10.0 mVI'C scale factor 
• 0.5'C accuracy guarantaeabla (at +25'C) 
• Rated for full -55' to +150'C range 
• Suitable for remote applications 
• Low cost due to wafer-level trimming 
• Operates from 4 to 30 volt:;; 
• Less than 60 JJA current drain 
• Low self-heating, 0.08'C In stlll air 
• Nonlinearity only ±1/.'C typical 
• Low Impedance output, 0.1 !l for 1 mA load 

~ 
..... 

' - -· -·~ 
Choole R1 ~ •VsJOO jiA 
II OI!T=+1,500 mil 81 +1fiJ'C 

~ +250 ffN 81 +21i'C 
~ -MO mil 81 -SS'c 

FIGURE 2. Full-Range Centigrade T•mperature Sensor 
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~ I Electrical Characteristics I 
(Notes 1, 6) 

Parameter 

Accuracy, 

LM35. LM35C 

(Note 7) 

Accuracy, LM35D 
(Nole7) 

Nonlinearity 

(Note 8) 

Sensor Gain 

(Average Slope) 

Load Regulation 

(Note 3) IJ:'>!LS1 mA 
Line Regulation 

(Note 3) 

Qulascenl Current 

(Note 9) 

Change of 

Quiescent Current 

(Note 3) 

Temperature 

Coefficient of 

Quiescent Current 

Condltlona 

T .._,>+25'C 

T A=-10'C 

T ..,=TMAX 

T ..,=TMIN 
T A=+25'C 

TA=TMAX 

TA=TMIN 

T MIN:S:T A:sT M1>.X 

T MIN$[ A">T MAX 

T A=+25'C 

TMIN~~MAX 
T A=+25'C 

4VSV 8 $30V 

V s=+SV, +25'C 

V s"-+5>/ 
V 3 =+30V, +25'C 

V s=+30V 

4VSV8 s30V, +25'C 

4VSV 8$30V 

Minimum Temperature lin circuit of 
for Rated Accuracy Figure 1, IL =0 

Long Term Stability IT J=TMA><, for 

1000 hours 

Typical 

±0.4 

±0.5 

±0.8 

±0.8 

±0.3 

+10.0 

±0.4 
:1:0,5 

±0.01 

±0.02 

56 

105 
56.2 

105.5 

0.2 
0.5 

+0.39 

+1.5 

±0.08 

LM35 
Tested Design 
Limit Limit 

(Note4) (Note 5) 

:1:1.0 

±1.5 

±1.5 

:1:0.5 

+9.8, 

+10.2 

±2.0 

±5.0 

±0.1 

±0.2 

80 

158 
B2 

161 
20 

3.0 

+0.7 

+2.0 

LM35C, LM35D 

Tested Design Units 

Typical Limit Limit (Max.) 

(Note4) (Nole 5) 

±0.4 ±1.0 ·c 
:1:0.5 ±1.5 ·c 
±0.8 ±1.5 ·c 
:1:0,8 ±2.0 ·c 
±0.6 ±1.5 ·c 
±0.9 ±2.0 ·c 
±0.9 ±2.0 ·c 
:1:0.2 ±o.5 ·c 

+10.0 +9.8, mV/'C 

+10.2 

±0.4 ±2.0 mV/mA 

±0.5 ±5.0 mV/mA 

±0.01 ±0.1 mVN 
:1:0.02 :1:0.2 mVN 

56 80 "' 91 138 ,A 
56.2 B2 ,A 
91.5 141 ,A 
0.2 2.0 'A 
0.5 3.0 ,A 

+0.39 +0.7 !-lN'C 

+1.5 +2.0 ·c 

±0.08 ·c 

No!to 1: Unle.a otllerWise noted, 111eoe spedfic:a~on& apply: -55'C$Tfi+tSO'C for lha LM35 and LM35A; -40',q",1s~t10'C tor IM LM35C arid lM.'l5CA; and 
0'1Tfi~100'C fQr the LM35D. Vs~~5Vdc and ILOA0~50 ~A, In !he drwl\ ol F/gl~rt~ 2. Thate ~li<:<otlons ai.O "PPIY from +2'C 10 TM/IX In lhe drrui\ ol Figure I. 
Spedfica~on• In bol<lfa<lll apply over \00 lull ralad illmpernlure nlnge. 
flote2: Thermal r115lslonr.e of 111e TQ..<\6 pac;kage lo 400'CM', jconc~on to amblenl, and 24'CIW junction tn case. Ttt""""l resotance of lhe T0-92 package Is 
tllO'CIW Junelfcn loamblanl. Thermal rem.tanoo of 111a omall <>U~I"" molda<J package io 220'CJW jur>CtJon lo ambi!lf\1. Thermal resstarowollhe T0-220 pa<*.aga 

io OO'CIW junction to amblllnl. For addl~oneltl)ermal reststMO& infolmaUon"" table In lheApplicalion• """~""· 

NQie 3: RegulaUOtl ia m&aS<Jrlld at constant junc~on ten1pera!ure. using pul.., teotlng will\ a low duty C)'cle. Cl1anges in ou\p\JI due 10 heaUng effoota""" be 
computed by multiplying lhe inlem~ dlssipaliOtl by lha ltl<!rmaf reo>stance. 

Note4: Teoled Lim~• are guaranteed and 100% tas(<lr;l on produclioo. 

Pl<>te S: De&rgn Ltmi\11 arn ijU2ranleed (blll noltOO% l""dueli0i1 leated) o'er llle Indicated tamperai\Jre and supply 'oltsge ra"!J!!S. Thaa& limlta am not used 10 
calculate OUigoong quality levels. 

NOlo 6: SpacificaiJons In b<>ldface apply"""' lha Mil ra«NJ temparalu"' range, 
Note 7: Accuracy Is doo1inad aslhe errorbe!weoo 100 output 110ltage and 10nwi'C time> llle devica's case lemperaluru, at specified conditions ofvotl&ga, C\JfmllL 
and lamparnlure la~ed '" 'C). 

Note 8: Noo~naarily I& defrned es the d!wi>l~on of the output·voll!lg&-V<lrnu5-loin!peralura ruM> from the best·f~ s!roit.Jhlline, o""r lhe d<lvie<~'B raterllemperaiUre -Note9: Ouie.cent r:ummt is defined In the drc:uit of Flgum 1. 

Nota 10: AbsOlula Maximum RaUngs lodicala limit• b&yond which darMija lo the davlce may occ..-. DC ~MAC eii>Citlcalsi><!cifiMtiono do 0101 apply wi1en oparaUng 
the deotioa beyonr:l nsrated """"'~"" o:Jnd1tioos. See Note 1. 

Note 11: Human b<>dy modal, 100 pF closctmrgad 1hrough a 1.5 kll resistor. 
Note 11: See AN-450 'Surface Mounting Methods and Their EffEtCI"" Produot Reliabdity" o; lt!e ti9C\Ion oiled ·surrnca Mount' round in a ~"""nt National 
SemJconductor Llneer Data Book for other methods of S<lldeMng surfaca mounl ""'""""· 

www.naltonat.com 

~ Absolute Maximum Ratings (Note 101 T0-92 and T0-220 Package, 
260'C 

If Military/Aerospace specified devices are required, 
(Soldering, 10 seconds) 

please contact the National Semiconductor Sales Office/ SO Pet;kage (Note 12) 

Distributors for avallabiHty and specifications. Vapor Phase {60 seconds) 215'C 

Supply Voltage +35V to -0.2V 
Infrared (15 seconds) 220'C 

ESC Susceptibility {Note 11) 2500V 
Output Voltage +6V to -1.0V 

Specified Operatlng Temperature Range: TMIN toT MAX 
Output Current 10mA (Note 2) 
Storage Temp.; LM35.LM35A -55'C to +150'C 

T0-46 Package, -60'C to +180'C LM35C, LM35CA -40'C to +110'C 
T0-92 Package, -60'C to +150'C LM350 o·c to +1oo·c 
so..a Package, -65'C to +150'C 

T0-220 Package, -65'C to +150'C 
Lead Temp.: 

T0-46 Package, 
(Soldering, 10 seconds) 300'C 

Electrical Characteristics 
(Notes 1. 6) 

LM35A LM35CA 

Parameter Conditions Telil:ad Design Teated Design Units 

Typical Limit Limit Typical Limit Limit (Max.) 

(Note 4) (Note 5) (Note4) (Ncle 5) 

Accuracy T A=+25"C ±0.2 ±0.5 ±0.2 ±0.5 ·c 
(Note 7) T A=-10'C ±0.3 ±O.J ±1.0 ·c 

T A"'TMM ±0.4 ±1.0 ±0.4 ±1.0 ·c 
T A"'TMIN ±0.4 ±1.0 ±0.4 ±1.5 ·c 

Nonlinearity T MINST A:S:T MAX :t0.18 ±0.35 :1:0.15 :1:0.3 'C 

(Note 8) 

Sensor Gain T MIN:s:'fASTMA>< +10.0 +9.9, +10.0 +9.9, mVJ'C 

(Average Slope) +10.1 +10.1 

Load Regulation T A"+25'C ±0.4 ±1.0 ±0.4 ±1.0 mV/mA 

(Note 3) O:,IL:>:1 mA T MoN:s:T A:O.:T MAX ±0.5 :1:3.0 :1:0.5 ±3.0 mV/mA 

Line Regulation T A"'+25'C ±0.01 ±0.05 ±0.01 ±0.05 mVN 

(Nole 3) 4V:s:V 5 :QOV :t0.02 :1:0.1 :1:0.02 ±0.1 mVN 

Quiescent Current V 3 =+5V, +2S'C 56 67 56 67 ,A 
(Note 9) V s=+SV 105 131 91 114 ,A 

V s""+30V. +25'C 562 6B 56.2 66 "' V 3 =+30V 105.5 133 91.5 118 ,A 
Change of 4VSV3 s:30V, +25'C 0.2 1.0 02 10 'A 
Quiescent Current 4VsV sS30V 0.5 2.0 0.5 2.0 ,A 
(Note 3) 

Temperature +0,39 .... 5 +0.39 ... 5 !-lN"C 

Coefficient of 

Quiescent Current 

Minimum Temperature In circuit of +1.5 +2.0 +1.5 +2.0 ·c 
for Rated Accuracy Figure 1, IL =0 

Long Term Stability T J=TMAX. for ±0.08 ±0.08 ·c 
1000 hours 

""""'"~r;,-,n~l.....,., 



~ Typical Performance Characteristics (Contlnuoo) 

Noise Voltage 
1!00 

''"" 
1200 

~ 1000 

1 •• 
~ •• 

•• 
•• 

100 " 101! '""' 
fREQU<NCY(H>) 

<>1!0015151 ..... 

Applications 
The LM35 can be appllad easily in the same way as other 
lntegrated-clrouit temperatura sensors. I! can be glued or 
cemented to a surface and its temperature will be within 
about 0.01 'C of the surface temperature, 
Th!a presumes that the ambient air temperature is almost the 
same as the surface temperatura; If the air temperature wa.ra 
much higher or lower than the surface temperatura, the 
actual temperature of the LM35 die would be at an lnterme­
<:!lat& temperature b9tween lha surface temperature end the 
air temperatura. This Is expecially true for the T0-92 plasllc 
package, where the copper reads are the principal thermal 
path to carry heat into the device, so ks temperature 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 device, is held at the same tempera­
ture as the surface of Interest. The easiest way to do this is 
to cover up these wires with a bead of epoJcy which will 
insure that the leads pnd wires pre all at the same tempera. 
ture ps the surface, and that the LM35 die's temperatura will 
not be affected by the air temperature. 

Staft.Up Reapona. 

" ' "· oi 

" 
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-·~ 
The T0-46 metal package can also be soldered to a metal 
surface or pipe w!thout damage. Of course, in that case 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 tllreaded hole In a tank. As with any I C. 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 condan­
l!atlon can occur. Prlnted-circultcoatlng~> and varnishes such 
as Humlsaal and epoKy paints or dlp!l are often usad to 
Insure that moisture CPnnot corrode the LM35 or its oonnec-
tions. 
These devices are sometimes soldared to a small 
light-weight heat fin, to decrease the 111ermal time const;,mt 
and speed up the response in slowly-moving air. On the 
other hand, a small thermal mass may be added to lha 
sensor. to give tha steadiest reading despite small deviations 
In the air temperature 

Temperature Rise of LM35 Due To Self-heating (Thermal Resistance,6JA) 
T0-16, TC-18", w•> T0o!l2"', ••• ~- To-220 
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-ro-92 and so..e pad<ages glued end leads ooldered 10 1" oquah'l of 1116" pnnted drcuitl>oard wdh 2 oz. foil or sl.,..lar. 
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Typical Performance Characteristics 
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Qulncent Current 
vs. Temperature 
(In Circuit ofF~ 2.) 
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