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ABSTRACT

The report was written to briefly introduce the Final Year Project entitled ‘Vehicle
Compartments Environmental Control System using solar Powered Thermoelectric’.
The project will cover the research on thermoelectric and followed by a fully
functioning prototype of a thermoelectric temperature regulator with test data. This
project embarks on studying the feasibility of using thermoelectric to regulate the

temperature inside the vehicle compartments.
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CHAPTER 1
INTRODUCTION

Associated with the Electrical and Electronic Engineering technological development,
the world is now moving towards nanotechnology applications. Such an application
can change the world by benefiting people and improving their life style. This leads
to the research of thermoelectric that can be used to control temperature inside
vehicle compartments, where the thermoelectric will be solar powered.
Thermoelectric coolers are used to manage temperature, but they are not easily
integrated with semiconductor devices. This project innovation was to see that
thermoelectric could theoretically be used for cooling, at room temperature and

below.

1.1 Background Study

This project will concentrate in semiconductors, thermoelectric, thermodynamics,
solar energy, temperature cooling, and environmental factor study. Through the

whole project, knowledge on those related topic would be applied.

1.2 Problem Statement

In equatorial countries, car owners have to live with overheated compartments if
they parked their cars under the sun. The problem with overheating is that it can
damage several equipments in a vehicle. This leads to waste of money and high cost
maintenance of the vehicle itself. Moreover, by afternoon, the temperature in these
countries reaches a very high temperature, which leads to uncomfortable situation
and affects human emotions. Human factor is also considered, as a part of valuable

information for the project as time and comfort is important.



1.3 Objectives and Scope of Study/Work

1.3.1 Objectives

The objectives of this project are:

1. To do research about thermoelectric cooling system, and solar energy

2. To conduct experiments and collecting data using thermoelectric modules,
and methods that involves thermal cooting.

3. To construct a fully functioning prototype of a thermoelectric temperature

regulator.

1.3.2  Scope of Study/Work

This study consists of research, designing and constructing a prototype powered by
solar in order to achieve the objectives. The vehicle compartment involved during
the experiments is the cabin car. By the way, this study will also include the
evaluation of the experiment and selected circuit design for thermoelectric
connected with solar panel. The evaluation will be concentrated on the energy
used, power consuinption of the prototype, cost effective and efficiency of the
prototype for cooling. The limitations of conducting this project are cost, time and
equipments. The prototype will be constructed using the fund provided by
Universiti Teknologi PETRONAS.



CHAPTER 2

LITERATURE REVIEW AND/OR THEORY

THERMOELECTRIC

Early 19th century scientists, Thomas Seebeck and Jean Peltier, first discovered the
phenomena that are the basis for today's thermoelectric industry. Seebeck found that
electrical current would flow when there is a temperature gradient across the
junctions of two dissimilar conductors. Peltier, on the other hand, learned that passing
current through two dissimilar electrical conductors, caused heat to be either emitted
or absorbed at the junction of the materials. It was only after mid-20th Century
advancements in semiconductor technology, however, that practical applications for
thermoelectric devices became feasible. With modern techniques, there exist
production of thermoelectric 'modules’ that deliver efficient solid state heat-pumping
for both cooling and heating; many of these units can also be used to generate DC
power in special circumstances (e.g., conversion of waste heat). New and ofien

elegant uses for thermoelectric continue to be developed each day.

A typical thermoelectric module consists of an array of Bismuth Telluride
semiconductor pellets that have been 'doped' 50 that one type of charge carrier - either
positive or negative - carries the majority of current, The pairs of P/N pellets are
configured so that they are connected electrically in series, but thermally in parallel.
Metalized ceramic substrates provide the platform for the pellets and the small
conductive tabs that connect them. The pellets, tabs and substrates thus form a
layered configuration. Module size varies from less than 0.25" by 0.25" to
approximately 2.0" by 2.0". Thermoelectric modules can function singularly or in
groups with series, parallel, or series/parallel electrical connections. Some

applications use stacked multi-stage modules. When DC voltage is applied to the



module, the positive and negative charge carriers in the pellet array absorb heat
energy from one substrate surface and release it to the substrate at the opposite side.
The surface where heat energy is absorbed becomes cold; the opposite surface where
heat energy was released becomes hot. Using this simple approach to 'heat pumping’,
thermoelectric technology is applied to many widely varied applications - small laser
diode coolers, portable refrigerators, scientific thermal conditioning, liquid coolers,
and beyond. Power Generation: Employing the effect that Seebeck observed,
thermoelectric power generators convert heat energy to electricity. When a
temperature gradient is created across the thermoelectric device, a DC voltage
develops across the terminals. When a load is properly connected, electrical current
flows. Typical applications for this technology include providing power for remote

telecommunication, navigation, and petroleum installations.

The flow of heat with the charge carriers in a thermoelectric device is very similar to
the way that compressed refrigerant transfer’s heat in a mechanical system. The
circulating fluids in the compressor system carry heat from the thermal load to the
evaporator where the heat can be dissipated. With TE technology, on the other hand,
the circulating direct current carries heat from the thermal load to some type of heat
sink that can effectively discharge the heat into the outside environment. Each
individual thermoelectric system design will have a unique capacity for pumping heat
(in Watts or BTU/hour) and this will be influenced by many factors. The most
important variables are ambient temperature, physical & electrical characteristics of
the thermoelectric module employed, and efficiency of the heat dissipation system.
Typical thermoelectric applications will pump heat loads ranging from several

miliwatts to hundreds of watts.

Thermeelectric (Peltier) cooling

In 1834, Peltier[1] described thermal effects at the junctions of dissimilar conductors
when an electrical current flows between the materials. Peltier failed however to
understand the full implications of his findings and it wasn't until four years later that
Lenz[2} concluded that there is heat adsorption or generation at the junctions

depending on the direction of current flow.



Thermo-electric cooling, known about since the 1830s, occurs when a current is
passed across the junction of two dissimilar metals. One side of the device becomes
hot and the other cold. Although single thermo-electric devices have low cooling
capacities they may be connected together electrically to produce more cooling.
Because they do not have a circulating fluid heat transfer is more difficult than for
vapor compression systems [3]. For large cooling duties additional heat transfer
systems, possibly based on heat pipes would be required. When voltage Vi, is applied

to terminals T1 & T2 an electrical current (I) will flow in the circuit.

Material X T,

, Tc h
Qe ;{E-E>< Material Y Material Y> m>Qh
A B

Figure 1. The electric current flow with the thermal change from hot to cold.

As a result of the current flow, a slightly cooling effect (Qc¢) will occur at point (A)

and a heating effect will be experienced at point (B) where it is expelled.
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Figure 2: A typical design of a thermoelectric cooler from Ferrotec Corporation

SOLAR ENERGY — The Renewable Energy Source

Principle of operation

Solar panels work on the principle of the photovoltaic effect. The photovoltaic effect
is the conversion of sunlight into electricity. This occurs when the PV cell is struck by
photons (sunlight), ‘freeing’ silicon electrons to travel from the PV cell, through
electronic circuitry, to a load (Figure 3). Then they return to the PV cell, where the

silicon recaptures the electron and the process is repeated.
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Figure 3: Principle of operation

Simple photovoltaic system

A PV system may have a minimum of two components, the module and the load to be
powered. An example of such a system would be a simple ventilation fan driven
directly by a module during hot and sunny weather. For twenty-four hour a day
operation a battery and blocking diode are required, a voltage regulator is also
recommended in order to protect the battery from the effects of overcharge. The solar
regulator includes a blocking diode and therefore a Eblocking diode should only be

incorporated in a system when the solar regulator is not being used.

RS siack no. 261-239

o DH % -
: £ Blocking _
H diode i

Solar shupt -
PV reguiator —
array RS stock no. — Load
194-082 —w
= — —-Battery

i
1
ad

Figure 4: A simple photovoltaic system



CHAPTER 3
METHODOLOGY/PROJECT WORK

3.1 Procedures

3.1.1 Experiments and data gathering

After understanding the concept of thermoelectric and therma! cooling, several
experiments will be conducted. The experiments will involve using thermoelectric
modules, where the author has to collect temperature data and energy conversion
of heat and electric. 'Then, data from the experiments will be evaluated in order to
meet the objective of this project. The author will be focusing on the temperature

controller circuit.

3.1.2 Construct a prototype

The prototype will be constructed after a circuit simulation for thermoelectric and
solar panel had been done using PSpice and Electronic Work Bench (EWB). The
temperature regulator will be built based on the data gathered during the

experiments. This method will be the finish line of this project.

3.2 Tools required

1. Thermoelectric (Peltier) modules.

2. Solar energy panel and thermometer.

3. Software such as PSpice, EWB, 3Dmax

4. All the electrical component used in the design such as capacitors,

inductors and others
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CHAPTER 4
RESULTS

4.1 Experiment Results

Temperature readings have been observed and recorded. The objectives of this
experiment were to observe the normal temperature readings inside a car during hot

conditions, especially in the afiernoon.

TEMPERATURE MEASUREMENTS INSIDE A CAR AT PARKING

SITE IN UTP
(DegreeCelsius) '
10 11 12 1 2
Date/Time AM AM P.M P.M P.M | Average
14-Mar-05 42 42 64 56 45 49.8
15-Mar-05 40 41 59 59 58 514
16-Mar-05 41 4 62 57 53 50.8
17-Mar-05 42 42 58 55 45 48.4
teMar05{ | | 56 57 | 61 58

Table 1: Experiment resulls for temperature measurements inside a car

From the data above, it was concluded that the normal temperature inside a cabin
car during afternoon, in Malaysia was more than 50°C. For the design temperature,
the project must successfully cool the car till 30°C or below. To accomplish the
target, several calculation designs must be done. The variables that was important

were volume of cabin, heat transfer, power supplied by solar panels, and time.
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From the table, the temperature within a car’s cabin can reach above 60°C when
parked under the sun, in a hot weather. These results show that the temperature
regulator system to be designed must have the capacity to cool down temperature of
this range to 30°C or below, Nevertheless, if the temperature regulator system is
capable of detecting the rising of cabin temperature, and starts to regulate the
temperature before it reaches 62°C, then the température difference of the
thermoelectric module is reduced, hence decreasing its wattage requirement. To
calculate the heat load for a typical car cabin, Proton Wira has been chosen as the
case study, whereby all calculation would be based on the structure of the concern
car. The heat load would define the cooling requirements. The possibility to
minimize the heat load allows the cooler to achieve colder temperatures or reduces
the power required to reach the defined cooling level. The heat load involved is a
passive heat load, which is parasitic in nature and may consist of radiation,
convection or conduction. The method used to calculate the heat load is acquired
through the 2001 American Society of Heating, Refrigerating, and Air-Conditioning
Engineers (ASHRAE) Fundamentals Handbook [4]. Some assumptions were made
during calculation, when selecting the coefficients values to be used. As there are
no specific procedures for calculating the heat load in a vehicle, coefficients used

are mostly set for the worse circumstance.

The cooling loads caused by conduction heat gains through the roof and doors are
Jound from the following equation (4]:

Q=UxAxCLTD

Where

Q = gooling load for roof, or the doors (W)

U = overall heat transfer coefficient for roof or the doors ( W/mzK)
A = area of roof (m?)

CLTD = corrected cooling load temperature difference (X)

The CLTD is not the actual temperature difference between the outdoor and indoor
air, and a modified value that accounts for heat storage and exposure effect of the

sun.

11



4.2 Design calculations

Roof load calculation

4.816 ft

32151t

Cooling Load = (Heat Transfer Coefficient) x (Area) x (Cooling Load Temperature

Difference)
Q=UxAxCLTD
= (1.21)15.483 f%)(24.3)
= (1.21)(1.43992 m?)(24.3)

=42337 W

12



Door load calculation

Front door Back door
3.563 fi 2.995 ft
1.184ft
1.125 ¢ /
1.685ft

Q: = U x A x CLTD x 2ffor both sides]
= (1.21)(6.8521 f)(11.3)(2)
= (1.21)(0.6373 mA)(11.3)(2)
=17428 W

Radiant energy from the sun passes through transparent materials such as glass can
become a source of heat gain to the vehicle cabin. Its values vary with time,

orientation, shading and storage effect. The radiation load can be found from the

following equation:

Q=(GLF)A
Where
Q = cooling load for glass and windows (W)
A = area of glass (m?)

GLF = glass load factor, which include the effects of both solar transmission and

radiation (K)

13



Glass load calculation -

2.8783 1t
\ l.8+'ft /
1.5704 1t
Front Back
window window
. 6617 ft
2234 ft 3.46 fit 3.661 4048 5t |
3INsSee [~ 42192 fit
1.8753 fit

/

Side window 2.6603 ft

Referring to the ASHRAFE handbook, taking the worse case scenario, in which the

orientation of the car is facing west, the load calculation are as below;
Q:=(GLFA
= (2.2968)(290.9) +(0.8257)(120.5) + (0.8257) (179.43)

=915.79W

Also referring to the ASHRAE handbook, the load factor is assumed to be 1.38,

which is the worse case scenario.
Total load = Total heat load x Load Factor
=(Q1 + Q2 +Q3)x (1.38)
=(42.337 W + 17428 W + 915.79 W)1.38) = 1209.69 W

14



All values of U, CLTD and GLF were taken from the ASHRAE handbook as well
as the Air Conditioning Principles and System by Edward G. Pita.

It has been determined that the Peltier module will start to trigger when the vehicle
cabin’s temperature is above 37°C. The Peltier module will regulate the temperature
to be 37°C or below. With the highest temperature recorded being 64°C;

AT = (64-37) °C = 27°C

AT  =[1 - (Heat Load/Max Cooling Power}] x (Max Temp Difference)
27°C =[1 - (1209.69W /Max Cooling Power)] x (68°C})

Max. Cooling power = 2006.32 W

15



Parameters
Highest temperature= 62 °C

Target Temperature to Cool Down = 30°C

Solar rating, (7.5 V, 135mA) - used for prototype
P=1V =1.0125W

AT =32°C

Actual AT = (- \FeAENCTRY)  Max AT
TEC Voltage

Actual Current = (—_lz—V,) X Peltier Imax
peitier V" max

After receiving the Peltier modules, several tests had been conducted on the Peltier

modules. The first test was to observe and recognize the side that will produce heat,

while the other side will be cold. After the first test, the second test was conducted

to determine the minimum and maximum voltage that the Peltier can withstand. It

was found out that the Peltier starts to react at 1.0 volt. As the voltage increases, the

heat on one side gets hotter, while the other side gets cooler. However, at 5.5 volts,

both sides start to get warm and hot. As a result, the amount of voltage that it can

receive to operate successfully was 5.5 volts. Nevertheless, the voltage consumption

can be increased by using heat sink or small fan, so the Peltier can be used to cool a

small space enough for the model. The Peltiers were also tested for parallel and

serial connections.

Figure 6: Thermoelectric Cooler, Size 30x30x3.3mm (WxDxH), weight 16g

16



Specification
| max = 4.3A,
V max =14.6V,

Q max (AT =0) = 36W

AT mux. = 68°C, R = 3.10 ohm, 127 couples

Test Results
Minimum Voltage — 1.0 volt

Maximum Voltage — 5.5 volt

17



4.3 Circuit Design

Temperature (degree
Binary C) Voitage (V) Condition
000 7.5 20 OFF
001 25 4.0 OFF
010 42.5 6.0 ON
011 60 8.0 ON
100 77.5 10.0 ON
101 o5 12.0 ON
110 112.5 14.0 ON
1M1 130 16.0 ON

Table 2: Logic design for controller circuit including voltage value

AB/C 0 1
00 0 0
01 1 1
11 1 1
10 1 1

Logic Get Implementation = A + AB

Table 3: Karnaugh map for controller circuit

18
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Figure 7: Finalized Circuit design for temperature controller

Figure 8: Circuit implemented on breadboard together with attached Peltier module
and heat sink.
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CHAPTER 5

DISCUSSION
Solar . Buck Lead Peltier
Panel Converter Acid module
Battery
Temperature Timer -
sensor circuitry 10 am -4 pm (1)

Figure 9: Simplified block diagrams of the overall temperature regulator system

An overview of the overall design is shown above. Figure 10 is a simplified block
diagram, showing the operating principle of the car cabin temperature regulator

system.

Figure 10: The red area shows the location of Peltier modules and solar panels for

the selected design (Orthographic view)

20



As to attach the system to the car, the above diagram would help to give a simple idea
on how the thermoelectric modules are located. The red area shows the location of the
Peltier and solar panels. It will be located on the rooftop of the car itself. Expected
heat flow is upwards, towards the roof, so it is svitable to place the Peltier modules at

the top.

21



51 Thermal Energy and Solar Radiation

Thermal energy can be used to passively heat buildings through the use of certain
building materials and architectural design, or used directly to heat water for
household use. The energy is one of the most promising of the alternative energy
sources. Most of the present energy sources are indirect uses of the sun’s energy.
The burning of fossil fuels releases solar energy stored millions of years ago.
Even though most energy now in use originated from the sun, the term “solar
energy” was commonly used to describe the direct control of the sun’s energy.

The solar energy has the potential of supplying most of the energy we need.

However, in the project description, the project is aiming to reduce heat inside a
car during parking condition. Therefore, hot areas gain heat from solar radiation.
Solar radiation is the heat, light and other radiation energy that is emitted from the
sun. It contains huge amounts of energy and is responsible for almost all the
natural processes on earth. The suns energy, although plentiful, has been hard to
directly harness until recently. Solar Energy can be classified into two categories,
Thermal and Light. PV cells use semiconductor-based technology to convert light
energy directly into an electric current that can either be used immediately, or

stored, such as in a battery, for later use.

Solar Radiation is an important contributor to the cooling load. It must be
properly taken into account so that a practical value of cooling load could be
obtained, thus providing satisfactory air-conditioning system. The sun motion
causes changing whether. As for Malaysia, though less significant the amount of
radiation varies all year round. The total power needed to generate enough power
to cool down the temperature is 2006.32 W. The power usage is high. From
calculations, if the project used an approximately of one watt solar panel, the
overall project needs 40 solar panels to cool down the whole cabin. However, the
solar panel comes in different ratings, so a suitable solar panel with a rating of

2kW would be perfect for the passenger’s cabin.

22



Solar Angles

The direction of the sun’s ray is related to the followings {5]:

*  Location on the earth’s surface
*  Time of the day
s Day of the year

Solar Heat Gain Factor

The heat gain through a simple window is complicated due to its finite size, the
use of frame, and the variation of sun striking angle throughout a day. To simplify
the calculation of heat gain from sun radiation, maximum solar heat gain factor
(SHGF) is used [4]. SHGF is the maximum solar heat gain through single glass at
a given month, orientation and latitude. SHGF is also defined as the hourly solar
heat gains that occur in a unit area of double-strength sheet glass (DSA) for a

given orientation and time.

Unit is Btu/hr-fi2

Shading Coefficienis

Shading coefficient SC is introduced to take into account various fenestration

arrangement. It discounts the solar heat gain [4].

_ Solar heat gain of fenestration
Solar heat gain of DSA glass

The shading coefficient is determined from the above ratio, obtained
experimentally using solar calorimeter. The use of blinds, shades, curtain or
drapes on the inside part of a window decrease the solar heat gain. SC values for

these are available in tables.
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5.2 Thermoelectric module

Referring to the project, to a typical car cabin, where the temperature will most
likely increase during hot days at noon. Once the temperature increases, the
temperature sensor will detect and measure the temperature. As it goes above the
set point, for example, 35°C, the temperature sensor will ftrigger the
thermoelectric module to activate. When a voltage DC current was applied to a
thermoelectric module, heat can be moved through the thermoelectric coupler
from one side to the other. One side was therefore cooled [cold-side] while the
opposite side is simultancously heated [hot-side]. The temperature differences can
be upwards 50°C in real world application. Thermoelectric coupler help enhance
cooling ability by creating a temperature differential that can be more easily
moved out of the system. Thus, the activation of the thermoelectric will absorb
heat and released it out of the car cabin to the atmosphere. As the temperature
drops to within its specified limits, the thermoelectric module will reduce work, or
the thermoelectric module could be turned off. Having the module on all the time
increases power usage from the system. Water-cooling systems can only cool an
object to ambient temperatures, but they still have excess cooling capacity
(provided they have sufficient flow-rate and a capable radiator). Thermoelectric
coupler allows more of the cooling capacity to be utilized and therefore achieve
lesser-than-ambient temperatures. Originally, for the temperature sensing circuit,
thermocouple sensors were initially used. Nevertheless, from further research, it is
concluded that thermocouple may have some complexity in the design, due to the
need to compensate some inaccuracy aspect. A temperature sensing circuit consist

of a thermistor can be used as a sensor.
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Thermoelectric Benefits

The choice of a cooling technology will depend heavily on the unique
requirements of any given application; however, thermoelectric (TE) coolers offer
several distinct advantages over other technologies. TE coolers have no moving
parts and, therefore, need substantially less maintenance. Besides that, TE coolers
contain no chiorofluorocarbons or other materials that may require periodic
replenishment. The cooling effect takes place in environments that are too severe,
too sensitive, or too small for conventional refrigeration. Another interesting fact
is that life testing has shown the capability of TE devices to exceed 100,000 hours
of steady state operation. So temperature control to within fractions of a degree
can be maintained using TE devices and the appropriate support circuitry.
Furthermore, the direction of heat pumping in a TE system is fully reversible.
Changing the polarity of the DC power supply causes heat to be pumped in the

opposite direction - a cooler can then become a heater.
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5.3 Controller Circuit

The circuit was designed using EWB software. The design consists of three parts,
the comparator, the Analog to Digital Converter (ADC) and also the logic gates.
Seven comparators were used in the design. Two voltage input were used for
comparison of voltage. One input will be supplied with a constant voltage, while
another input was connected with a thermistor. The thermistor was used for
thermal detection. Different voltages will trigger different combination of
comparators. As for example, when the voltage reference was 8V, while another
voltage input was 1V, the first comparator will produce an output of 5V. In the
simulation, several voltmeters have been placed to examine the amount of output
voltage driven through the ADC chip. The input part was a success. The voltage
reference was varied using different steps of voltage, to produce the right output
shown by the probe. The voltage input will be connected with the thermistor.
When there is a change in temperature, the resistance of the thermistor will rise

and it will cause the voltage to vary according to the measured temperature.

The next stage was the output of these comparators connected to the ADC, to
change it from analog signal to digital signal. The ADC changes 8-bit signal to a
3-bit binary signal. The ADC will produce 3 output signals, where these signals
will be manipulated using get logics to create a simple controller. The controller
part will be in charge of turning the Peltier modules ON and OFF. The controller
circuit will be connected to a relay to turn on the Peltier. The reason to use a relay

was because of current drainage caused by the Peltier.
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5.4 Problems and Recommendations

During the construction and testing of the circuit, the author encountered several
problems. The earliest problem came out from the simulation. It involves the
output from the ADC chip. The outpui doesn’t match the requirement of the
designer. It happened due to lack of information about the ADC chip itseif. There
was no information about the connection for E0 (enable output), EI (enable input)
and GS (gate source) node. To counter the problem, the author had to search and
retrieve more detailed datasheets for ADC and also for other components to
troubleshoot the design simulation. Furthermore, the information will also be used

for the model construction itself.

The next problem encountered was mainly on the logic inputs. The controller
design had to be altered because of several mistakes. The comparators where
arranged backwards to fix the design back into its original design requirements,
The next problem occurred also on the comparator. The result of the test data
below shows that the binary digit 000, 001, and 010 gave and output voltage of
zero. By referring to the simulation results (Table 2), 001 and 010 should give

voltage reading, not zero.

Temperature {degree
Binary C) Voltage (V) Condition
000 - 0.0 OFF
001 25.4 0.0 OFF
010 347 0.0 OFF
011 50.2 37 ON
100 - 4.3 ON
101 - 5.2 ON
110 - 6.2 ON
111 - 7.2 ON

Table 4: Experiment done on the controller circuit including voltage and

temperature measurement (doesn’t comply with design)
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The solution for the previous problem was by connecting another resistor in series at
the comparator input. If the new attached resistor value was bigger than the 330 €,
the voltage level for binary 000 will be more than 3.0 Volts; however, if the new
attached resistor was lower than the 330-ohm resistors, the voltage level for binary
000 will be less than 3.0 Volts. This condition occurred because the first comparator
was connected through input 1 of the ADC, not for input 0. Thus, it needs another
comparator connected to the input of the ADC, where in this situation; the author

only used a 1000 £ resistor to act as the comparator to solve the problem.

Temperature (degree
Binary C) Voltage (V) Condition
000 - 0.0 OFF
001 250 27 OFF
019 34.1 33 ON
011 50.9 4.0 ON
100 - 4.5 ON
101 - 5.1 ON
110 - 57 ON
111 - 6.4 ON

Table 5: Experiment done on the controller circuit including voltage and

temperature measurement (comply with design)

After completing the controller part, several recommendations was made for further
improvements. This project prototype will be using two source of power, battery A
and battery B. Another controller can be used to control the supply for the Peltier.
When both battery is fully charged, either one will supply to the Peltier module. If
one of the batteries was empty, the other battery will take over to supply power to the
Peltier modules. As example, when battery A was empty and battery B was fully
charged, the controller will chose batter B to supply power to the Peltier and vice

versa. The situation continues to create a close loop interaction. Other parts of
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improvement also involves in implementing other kinds of cooling, not only natural
cooling, but also fast cooling. Fast cooling involves heat sink design and shading
effects. For heat sink design, it is must to properly design system layout and enclosure
for adequate air flow so that heat sinks can operate properly to dissipate heat to the

ambient.

Shading effect deals with reducing the amount of heat radiation from the sun. By
controlling the amount of heat, it helps to maximize air circulation inside the car
cabin, This area of study also considers about the type of material used inside the car
cabin. The main idea was to use materials that don’t absorb much heat accumulated
inside the vehicle. As for example, car owners would be recommended to use leather
covered seats rather than using polymer. From several experiments conducted for this
project, cars using leather covered seats tend have lower temperature than cars using
polymer type of seats. From research, leather reflects most of heat radiation, but it
gets very hot on the surface. However, for polymer type, the surface doesn’t get too
hot like leather, but it absorbs heat and releases the heat back, making the temperature

inside the car to reach more than 55°C.
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CHAPTER 6
CONCLUSIONS

As for conclusion, the design of vehicle compartments environmental control system
using solar powered thermoelectric can help to improve people’s living nowadays. As
the technology is now advancing to nanotechnology, this project benefits the author
in terms of knowledge and technical applications. This project would also be a step
towards emerging UTP as an advance level education centre, especially in

thermoelectric and nanotechnology area.

Overall, based upon studies, experiments and model development conducted, this
project successfully shows that thermoelectric technology provides various cooling
approach, but limited for small scale application. It was not favorable for large scale
due to high current drainage and high power consumption with limited solar power,
where power usage is considered expensive. Nevertheless, the information and
research done for this project can be a step towards the advance design of local
vehicle that improves on comfort and lifestyle of people living in hot region.

Furthermore, this project definitely will create business opportunities in the future.
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1. TABLE OF PEAK SOLAR HEAT GAIN THROUGH
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2. TABLE OF SHADING COEFFICIENTS FOR GLASS
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ata Pack F Issued July 1998 298-4578

Rs Solar panels
Data Sheet

RS stock numbers 194-082 , 194-098, 194-105, 194-111, 194-127, 194-133, 194-149,
194-161, 194-199, 194-183, 768-071, 768-087

range of commercial grade thin film amorphous silicon and ) -
ustrial grade polycrystaline photovoltaic modules. These Figure 2 Module internal structure
mels are suitable for charging both nicke! cadmiumr and

Light source

viit batteries. ‘ ‘
rinciple of operation /‘

lar panels work on the principle of the photovoltaic effect.
e photoveltaic effect is the conversion of sunlight into
actricity. This occurs when the PV cell is struck by photons
light), ‘freeing’ silicon electrons to travel from the PV
l, through electronic circuitry, to a load (Figure 1). Then
3y return to the PV cell, where the silicon recaptures the Conductive Amorphous
sctron and the process is repeated. oxide siicen

Glass supaslrate

Sigure 1 Principle of operation

; Polycrystalline silicon
7 / External circuit

s Polycrystalline silicon cells are manufactured using 99.899%
- o pure silicon feedstock nuggets available to - the
- Appu;:aﬁon semiconductor chip manufacturers. The nuggets are melted
Q‘ N /, down in a vacuum furnace with a little boron and allowed to
\\\ — - coal very slowly so that a pure crystal lattice of P-type
\ 4 /1IN material is formed. The resulting bloci is quartered and then
L sliced into 0.2mm wafers using either a hole saw or & wire
ight :
{photons) saw (Figure 3).
Figure 3 Cell production process
Negative layer Positive layer
P ©-@-Q-tves
:
- H used  Crusher with Ball miil  Mixerslip Slip castings Ceramic
mo:rphous SlllCOIl silica wbraiory.‘spreen (with water) vessels
larex thin film amorphous silicon modules are 99.95% _ separation - -
mufactured using automated processes similar to those
d for semiconductor manufacturing. These processes @
sult in a monolithic module precision-layered with Feedstock sificon
aductive and semiconductive filma. These flms are laser- (crystal nuggets) 99.999%
ibed, using a patented method, into individuaj solar cells. g
2 laser's ability to scribe dleanly and precisely produces a > >
»erior product in several respects:
Cell divisions are very namow, allowing more module ‘UGF" . Sizing Slicing Sificon water
surface to be devoted to power production. Thus, a (ooninget) - {sifion brick)  (silicon wafers) {114mm q « 0.3mm)
module of given size generates more power.
Voltage characteristics and overall performance at low

light levels are improved.

3 series and parallel connections between cells (which
ermine the modules voltage and current ocutput) are
npleted internal to the module (Figure 2), resulting in an
a-reliable module without solder joints.
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atented process the N-type material is formed as a
in layer on one face of each wafer by spraying with a
1orous compound gas and baking. This is followed by
lition of an ani-reflective filter coating to the upper
» and conductive layers to both faces. The layer on the
¢e i3 optimised in the form of a grid in order to allow
xarmum amount of light to pass through to the N-type
il whilst distributing the maximum number of
ns (Figure 4).

re 4 Polycrystalline cell structure

Sunlight (photons) o O
Baemal circui
Bqemaleieut ‘// Top slectrcal

contact — redundant

fingers or conductive
I N . Y film

Photosensitive

semiconductor
material iayers

—

. " Base contact —
xtricity (Electrons)

conductive tayer

re then tested and matched together with cells of
performance for building up inte series and parallel
i3 to give the PV module the desired electrical
eristics. '

truction

10us silicon solar piate (RS stock no, 194-098)

norphous solar plate is a monolithic construction
ing of several layers of conducting and semi-
ting materials deposited onto a solar grade glass
rate. Each plate comes unframed with integral flying

[edium power amorphous modules
>ck nos. 194-108 and 194-111)

anorphous silicon solar modules consist of several
of conducting and semi-conducting materials
ed onte a solar grade glass supersirate. Each module
complete with a low profile impact reinforced
™ frame which protects the back and edges of the
1d 1.2m of 2 core 18awg flying leads.

ratures of the panels:

laser patterning: A patented process using a
suter-controlled laser interconnects all solar cells.
maximiges module active area and cell current while
nising the area of the intercormects.

r isolation: The plate is encircled by a laser scribe to
lish reliable isolation. In the final unit, each part is
nnded by a thin, inactive border that acts as a barrier
ge COrTosion.

<« appearance: A patented optical coupling
wlogy, combimed with a tightly coatrolled
dacturing process, creates uniform  black
arance.

xide glass coating: This patented process offers
ptionally uniform conductivity and light absorption.

Polycrystalline panels

L.ow power modules
(RS stock nos. 194-127 and 194-133)

These modules consists of high efiiciency polycrystalline
silicon wafers bonded to an aluminium substrate which is
laminated between an ethylene vinyl acetate front sheet and
a tough EVA TedlarTM backsheet Each module comes
complete with & black plastic frame, an integral stand and
0.8m flying leads.

Medium/High power modules
(RS stock nos. 194-149, 194-161, 194-183, 194-199,
768-071 and 768-087).

These modules have the same basic construction as the low
power modules.
Features of these panels include:

Solarex Mega™ Cell
® Advanced polycrystalline technology
® 1l.4cm X 11.4cm cell generates superior current.

Reliable outside bussing
@ Extends module life
® Resists electrical breakdown

® A unique, patented titanium dioxide AR
{(anti-reflective} coating for optimum light absorption
and power output

® Temperature range —40°C to +80°C or ~40°C 1o
+85°C at 85% relative hurnidity.

Framed versions

Tempered low-iron glass
® High transmissivity
® Hazil and wind resistant to JPL block V standards

® Will withstand hailstone of 25.4mm diameter at a
terminal velocity 52mph.

Heavy-duty frame
® Ccrrosion resistant aluminium alloy
® Architectural grade bronze anodised finish
@ Withstands 129mph (208km/h).

Weatherproof junction box (20W, 32W and 53W
versions only)

® NEMA 4X rated. UL rated terminal block
® Industry standard openings and fittings.

Generous frame clearance
@ Prevents electrical breakdown
® Improves module reliability.

Unframed version

Low profile and lightweight

® The unframed types have a low profile of
approximately 9mm and are lightweight, the 18W
version weighs only 1.49kg.



mple photovoltaic system

phiotovoltaic (PV) system may have a minimum of two
mponents, the module and the load to be powered. An
ample of such a system would be a simple ventilation fan
iven directly by a module during hot and sunny weather.
1 twenty-four hour a day operation a battety and blocking
sde are required, whilst for UK ‘all year round operation’ a
ltage regulator is also recommended in order to protect
: battery from the effects of overcharge, typicaily during
: summer.

Figure 5 A simple photovoltaic system

RS stock no. 261-258

- Dk
' £ Blocking _L
H diode +
+ Solar shurt =
regulator _
aigy RS sgtock o E— {pad
194-082 =Y
= —— -Battery

te: The solar regulator includes a blocking diode and
therefore a blocking diode should enly be incorporated in
a system when the solar regulator is not being used.

rectral sensitivity of silicon cells

jure 6 shows the relative respense of crystallme silicon
ls to the ultra-violet, visible and nfra-red spectrum.
sponse is fairly even to most of the visible wavelengths
1the near infra-red. Amorphous (thin-film) siticon favours
+blue end of the spectrum.

Figure & Spectral response of silicon
photovoltaic cell

uv Visible i3]

Rel. resp.%
-ﬁ
L]

Wavelength, nanometer

: crystalline cells are made from boron doped silicon
‘ers and are 12% efficient. The amorphous range of
dules is manufactured using automated ‘thin film'
wcesses where precision layers of conductive and semi-
iductive materials are sprayed onto glass and laser
ibed to produce individual cells with an efficiency of 7%.
modules are optimised for daylight operation where
rent is proportional to light intensity and voltage rises
v quickly at low light intensities. Both the amerphous and
yorystalline panels will operate in most UK daytime
ather conditions.

298-4578

Electrical specifications

Standard test conditions {STC) — thie power of a module is
given at STC which is defined as follows:
1. Alight intensity of 1W/m?* (equivalent to full sun).

2. A spectral distribution of AM 1.5 {AM - Air Mass = l/cos@
where 8 is the angle of the sun to the vertical).

3. A cell temperature of 25°C.

The definition of air mass is as follows:

Air mass, defined as 1/cosu (where u is the angle hetween
the sun and direcily overhead) is a useful quantity in dealing
with atmospheric effects. Air mass indicates the relative
distance that light must travel through the atmosphere to a
given location. Because there are no effects due to air
attenuation immediately outside the earth's atmosphere, this
condition is referred to as air mass zero (AMO). Air mass one
(AM1) corresponds to the sun being directly overhead. Air
mass 1.5 (AM1.5), however, is considered more
representative of average terrestrial conditions and is
commonly used as a reference condition in rating
photovoltaic modules. Figure 7 shows the relative distance
through the earth’s atnosphere that the sun's rays must pass
at two times during the day.

Figure T Sun’s angle of incidence versus
distance through atmosphere

Directly overhead | Sun
(zenith)

Angle of incidence
4 =60°

Airmass = 1.0

Earth's surface

Limit of atmesphere

The value of air mass at any given time and location can be
easity calculated using the relations shown on next page. The
higher the value of air mass, the greater the attenuating effect
of the atnosphere.
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Vedrtical ?b
mass = _ ] g
cos 6 Sun's rays
Earth

Sun's rays
mass = \/i+(E)?
h= height

Shadow
F_S‘%

iteed performance - all modules carry a limited
ty covering performance:

Iine products - are guaranteed to produce at least
the specified minimum power output for a period of &

hous products — are guaranteed to produce at least
the specified Imp (current at maximum power) at STC
2 voltage fixed at Vmp.

Electrical characteristics at STC

Small low power modules
Moadel MSX-005 | MSX-01 |SA-0640
RS stock nos. 184-127 |194-133 |194-098
Specified load voltage (VId)] 3.3V 1.5V 1.5V
Nominal battery voltage 2.4V v 8V

Typical current at Vid (Ild) | 150mA { 150mA | 45mA
Open circuit veltage (Voc) 4.8V 10.3v 12.0V
Short circuit current {ISC} 180mA | 160mA | 54mA
Temperature coefficient of

voltage per °C -i6mV | 3TmV | -30mV
Temperature coefficient of
current per °C 0.15mA {0.15mA {C0.05mA

Medium to high power modules

The medium to high power modules (table below) are
labelled detailing the individual characteristics of their actual
performances at STC. The power output of NOCT - Normal
Cperating Cell Temperature - at an ambient temperature of
20°C is also printed cn the label.

Notes: 1. The 20W, 32W and 53W versions are suitable for both §

and 12V operation and are user configurable, see
installation details.

4. The MSX light series are the unframed versions.

MSX

1 SA-1 SA-5 MSX-§ MSX-10 18 light MSX-20 VLX-32 VLX-53
xknos. | 194-105 194111 194-149 194-151 184-199 194-183 768-071 768-087
n 17.5 175 175 17.5 175 17.1 17.2 17.2
A) 80 290 210 580 1080 1170 1880 . 3080
) 340 230 212 212 21.0 20.8 213 T
3 {10 340 290 600 1160 1270 2610 3330
Ve -65 -850 -T2 12 .73 -13 -13 T3
I 100 300 215 500 1200 1200 1500 2500
2 3.1 73 . 18.5 1 4
i : 14.1 : 29. 18.2

2755 580 1084 1194 1896 3140
- mA

Vg - Volage at peak power

i  — Current at peak power

Voo — Open circuit voltage

ke —Short circuit current
Voe - Temperature ceefficient of open circuit voltage
‘e - Temperature coeflicient of shon circuit current

- Nominal Operating Cell Temperature ~ 48°C (VLX Modules)
~ 45°C (M3X Modules)



I characteristics with varying light intensity

yerystalline cells each give approximately 0.45 Volts
en lurninated dependent upon the light ftensity and the
d but independent of surface area. The important
wracteristic which makes them so suitable for supplying
ctrical power is that the voltage builds up quickly to a
iable plateau at very low light levels (about 8% of peak
ansity). This means that voltages suitable for battery
wrging are reached even on a dull day. Current, however,
direcly proportional to both light intensity and swrface
=

Figure 8 I-V characteristics at reducing light
intensities
100%
L 100% = §kW/m?
: 50%
)
]
10%
8% \
© 01 02 03 04 05 08 07
Voltage (V) Voo

: graph above shows that there is no significant drop n
voltage until insolation drops to 80W/ma.

‘igure 9a I-V characteristics with varying
temperature

’olycrystalline panel
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2.6 E
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Figure 8b I-V characteristics with varying
temperature

Amorphous silicon panel

400
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Design considerations for the mounting
and installation of the small low power
modules

Great care must be exercised during the design stage to
ensure that both the edges and rear of OEM (frameless)
modules are protected from the enviromment as well as
insulating them from stress through dynamic, static or
thermal sources.

Active area

A modules active area - the frontal area that generates
electrical power - is a critical design consideration in using
any photovoltaic product. If this area is covered by a
mounting bezel, power may be reduced and the product
may cease to function. For optimal performance, the active
area Imust never be shaded.

Figure 10 Active area of modules
—ﬂ B r‘——~—0ﬁ_-—ﬁ1 a8
Ny
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From face of modute
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: area dimensions

A B [ D E F
(mm) | (mm) |(mm) |{mm) | (mm) |(wm)
sk no.
J5)
05 1143 | 7.48 57 986 1958 [71.88
ack no.
i
1 127 | 584 [115.32[10.32 [106.22| 127
ack no.
38)
40 5486 | 6.35 [139.7 |3.176 | 4852 |182.4

anical and dimensional details for
ediunm/high power modules

wrphous module (RS stock no. 194-108)

inical characteristics
t: 0.4kg

sions: Dimensions in brackets are in centimetres.
Unbracketed dimensions are in inches.

- 13.0 .
{33.01
0.43 12.52
*(1.05) e gy g
487 BEY
(12.37) 4.87 312
{11.54 :7‘3—2_)—'\EE'=
i I‘"L
’r‘ $2.21 ™ 014
(31.02) (0.356) dia
4 places
lew Front view

10rphous module (RS stock no. 194-111)

mical characteristics

1 1.5kg
iions; Dimensions in brackets are in centimetres.
Unbracketed dimensions are i imches.
13.62
82 YT (34.59) ’
09 ‘—;1 #4—-(0‘9?) ¢
1.81
(4.60)
-
3.63
0.53) 10.00
(25.40)
1.75 N
B (29.85) 1287 |
o S -(32.69) ’
0.27 dia (4) holes ‘ﬂ/
(0.69)
Side vilew Front view

Polycrystalline light modules

Mechanical characteristics

Output cable: 3 metres long, AWG 18-2, polyethylene

jacketed.

Weight:
RS stock no. 194-19¢

MSX-18 light

1.4%kg

Dimensions: Dimensions in brackets are in centimetres.
Unbracketed dimensions are in inches.

- A I
0.75 ‘ c
(1.5 ™ T 7
1.75 1|
(4.4)% A
aE /] o
21 >
8 D
, <
3 Pelythene
& 7 X ] outputcable
I r
\ Rubber grominet 038
0.20(0.5) 10 - X
" Front view 09
0.44
—* (1
E Al
|
1.75 4&
(4.4) L
&
1]
Side view
Dim. A |Dim.B {Dim.C [Dim.D ;Dim. E
M5X-18 light 17.50 | 18.50 | 16,00 | 18.00 8.88
(RS stock no. 194-199) (44.4) (49.5) | (40.6) (40.6) | (22.5)




echanical characteristics

utput cable: 15 feet long, AWG 18-2, polyethylene

keted.

eight:

} stock no. 194-161 MSX-10
istock no. 194-14¢ MSX-5

1.5kg
0.7Tkg

mensions: Dimensions in brackets are centimetres.
Unbracketed dimensions are in inches.

- >l
A ==
Front yiew o
3
IR
A
Back view #18-2
) | L1 outout
“I cable
| ~Junction
L1 box
0.67 =
a7 > o
F
P—E—'—“‘uﬂ I
10.89 .
(2.3) End view
io.uj W)
0.89
wf ' 1 0.3t
08)  ,ay I[0.8)
08 |- !—qt%%
067
(.7
Section X-X
Dim. A Dim. B Dim.C
ASX-5 9.82 10.5% 8.25
RS stock no. 154-149) (24.9) (26.9) (23.5)
ASX-10 16.54 1059 9.25
RS stock ne. 194-161) {42.0) (26.9) {(23.5)

298-4578

Mechanical characteristics
Weight:
RS stock no. 184-183 MSX-20 2.98kg

Dimensions: Dimensions in brackets are centimetres.
Unbracketed dimensions are in inches,

» 19.76 - B
€02 {
K po— ™
X4l Juncton
F 1 box
ton] view //‘ SISB (‘1.0}
a ¥
A ?/ /_ hﬂles.g
Back view F
// C
& Y ‘ L
069 11, 18.38 - t 213
i.a)" (46.7) B (5.4)
Slide view
Dim. A Dim.B Dim.C
MSX-20 16.5 0.75 8.29
(RS stock no. 194-183) (42.1) (1.9) 21.1)

Mechanical characteristics
Weight
RS stockno. 768-071 VLX-32 3.5kg

RS stock no. 768-087 VLX-53 5.8kg

Dimensions: Dimensions In brackets are centimetres.
Unbracketed dimensions are in inches.

088 | i
{231 }
xeflex Fl'l'.l'lll view
/“
- /‘r
Sack view
Junclian
|-~ bex
whr End view _E"ﬂ |
087 | < ]
.7y
Dim. A Dim.B Dim.C
VIX-32 23.28 19.72 18.38
(RSsteckrnc 768-071) | (58.1) (50.0) (46.7)
ViZE-53 36.88 18.72 18.38
(RS stockro. 768-08T) | (93.7) (50.0) (46.7}
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llation and mounting

tation

mstalling photovoltaic modules, be aware that they
te maximum power when facing the sun directly. The
osition which approximates this ideal over the course
year, thus maximising annual energy production, is
due south (in the northern hermisphere) or due north
southem hemisphere) at the angle listed in the table

These orientations are truze, not magnetic north
and south.

gle

e below shows the fixed angle above horizontal at
modules should be installed in order to maximise
energy output. At some installations, it may be cost-
te to adjust the tilt seasonally. At most latitudes,
nance can be improved during the summer by using
& flatter than the chart's recommendation; conversely,
er angle can improve winter performance.

des are not cleaned regularly, it is recommended that
‘¢ not mounted at an angle fatter than 15°. Flatter
cannot take full advantage of the cleansing action of

ititude of site Tilt angle
0-4° 10°
5-20° Add 5° to local latitude
21-45° Add 1907 to local latitude
45-65° Add 15° to local latitude
685-75° 80°
g

modules 50 they are as free as possible from shading
all seasons, particularly during the middle (the most
-productive) part of the day.

ing

1orphous modules and the polycrystalline iight
25 can be mounted via the integral holes. It is
nt that the mounting hardware is not over tightened
he module is bent during installation.

s can also be mounted on a flat wooden surface, such
n thick plywood. Such an installation, however,
5 natural airflow from cooling the back of the module,
1 which enhances moedule performance slightly. If this
ament is desired, the installation should allow airflow
he module back.

“and 10W polycrystalline panels have a multi-meount
This consists of dual channels criented parallel to the
nd back of the module. The channels accapt the
f 5716in or 8mm hex bolts, and allow the module to
- or side-mounted. The channels prevent the bolt
-om turning.

W, 32W and 533W polycrystalline panels have a
il mount frame. This frame can be mounted via the
m holes in the dual channels. To mount the module
e use the two centre holes.

MSX-20, VLX 32 and 53 modules - wiring
for 6V or 12V operation

The two strings of 18 cells which make up the modules may
either be connected in series or parallel for 12V or 6V
operation as shown in Figure 11. Positive conductors have
red insulation whilst the negative ones are grey. The module
is shipped in 12V configuration. All other finished modules
are configured as 12V and cannot be altered.

Figure 11 Wiring schematics

& [l BV cell
- _5 g string
12V nom.
output a[g
“ 18
1 g 6V cell

string

12V wiring
simplified moduie schematic

’{EV cell
= 5 string

Bv nom.j

output
)

- N ()

6V calt
string

6V wiring
simplified module schematic

& 5 4

3 2 1

Terminal strip numbering




aily average insolation levels in the

nited Kingdom

e following tables of mean daily ESH (equivalent sunshine
urs) may be used to calculate the size of module required:

Equivalent sunshine hours -
kKWhrs/m*/day
ocation (OT) Summer - Winter -
mean for June mean for Dec
H | Vs |Sot | H | Vs | Sot
lymouth 65° | 556 |2.85|4.201069}1.35] 1.40
lanchester 68° | 5.17(2.80|3.86|0.46]0.88 1091
lasgow T1° 1494|276|362]0.3310.64{0.65

gure 12 Worldwide insolation availability maps

These maps indicate worst case (wintertime) solar radiation based on a Solar Array tilted towards the sun at
an angle equal to the latitude of the location +15°.

298-4578

Legend: OT - Optimum  tiit angle (degrees from
hoerizontal)
H - Horizontal

Vs - Vertical south facing
Sot - South facing at optimum tilt
(Data taken from Climate in the UX-ISBN 0 11 412301 2}

Notes:

1. For areas of higher or lower latituide in the UK
appropriate insolation levels may be extrapolated
fromn the figures shown.

Z. The data above should be used with care as these
figures were gained from ‘ideal’ sites, please consider
all the potential performance derating factors listed
below.

. If sizing a system outside the UK then an approximate
guide to mean daily winterime (worst case) insolation
levels is given in the following maps:

%)

Eastern hemisphere - insolation map (winter}

50°

40° B

156°

o

15°

o

i

200

30°

40°

50°

50
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stern hemisphere - insolation map (winter)

itern hemispherc - insolation map (winter)

e performance derating factors

propriate to consider the many factors which can
the performance of a solar module prier to

ing any sizing calculations:

Iperature — as a guide the typical cell operating

oerature will be 20°C to 25°C higher than ambient.

mliness — the modules active area should be cleaned
eriodically to maintain performance.

luction tolerances — these are catered for with an
ropriate safety factor in the sizing calculation.

sction/Refraction — if the medule is mounted hehind
g or some other clear mediurn then reflection and
iction will typically account for losses of 20%.

lowing — during sunny conditions the possibility of
lows falling across the module should be reduced to

nimum as the performance of al cells will be
ced to that with the lowest output.

auth and tilt angle — as an example it will be seen
1 the UK insolation table above that horizontal
nting gives excellent summer performance but
mal in winter - for best all year round performance
nodule should be fixed at an angle of latitude +15,
g true south.

stral distribution of light — the performance of Solarex
ules is optimised for daylight. Performance under
cial light sources must be found by measurement.

Daily system load

In order to ensure reliable system operation all year round it
is imperative that the worst case daily load in winter is
knowm. It is also very important to ensure that adequate
account is taken of quiescent joads, switching losses and if a
voltage regulator is employed its own consumption
characteristics.

Battery sizing

The battery stores energy from the module enabling the
system load to operate day or night. Due to the vagaries of
the weather we must allow for long periods of below
average insolation inl order to ensure reliable operation. In
effect this means that the battery size is calculated to allow
for a certain number of days without energy input, the
system ‘autonomy’. At UK latitudes this should not be less
than 20 days.

We must also consider several important points;

a) that should this situation occur it is not advisable to allow

the battery to discharge to 0% capacity

b) capaciiy reduces with temperature
c} the effects of self discharge and charging efficiency may

be significant
d) battery capacity is a function of discharge rate.
Typically, therefore, do not discharge the battery below its
30% charge state and allow for a 10% capacity reduction in
winter, Thus a system supplying a lead consuming
0.75A/day would require a battery capacity of:

075 X 20 X 1.3 X 1.1 = 21.45Ah

Battery choice — The RS Dryfit range of sealed lead acid
batteries is ideal for sclar systems having high charge

efficiency, low self discharge and good recovery from high
discharge.

Module sizing

Having determined the load requirements and local
insolation the last step is to calculate the size of module
required.

_LxSF
ESH
SA = System Amps (to be provided by module)
L =Load
SF = Safety factor (use 1.2)
ESH = Equivalent sunshine hours
(Whrs/m*/day)

Example; Tous for a system consuming 0.75Ah/day all year
round in the Manchester area with a module facing true
south, tilted at latitude +15 (= 68) and unshadowed:

SA = (0.78 X 1.2)/081 = 0.99 Amps
From the table of module performance characteristics we
will see that the MSX-18 module has an Ipp of 1.06 amps. This

is the correct choice as the smaller M5X-10 only has an Ipp
of 0.58 Amps.

Note; A regulator would be required in this system thus the
daily load is inclusive of its power requirements.
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the UK with its high ratio of summer to winter insolation it ig
10st always essential for a solar system to be fitted with a
ltage regulator to protect the battery against the effects of
ercharge during the long summer days. A regulator would
t be required if during the period of operation of the
stem the daily load was matched to the mean module
tput. Regulators incorporate blocking diodes that prevent
ttery discharge through the module at night, so it1 an
regulated system a blocking diode would be required. A
table biocking diode would be a 1NB401 (RS stock no.
1-299) 3A, 100V.

unt regulator (RS stock no. 194-082)

2 performance specifications of the shunt regulator are as
ows:

minal voltage 12.0v
ximum input current 6.0A
int set point voltage 13.8V
lescent current <1.0mA
cking diode voltage drop 0.4V
mp. coefl. of output voltage 45mV/ideg C
2 three output leads are colour coded as follows:

B SOLAR MODULE +ve
aCK COMMON -ve
LLOW BATTERY +ve

zh 1.0mm? lead is 220mm in length and terminated with an
- spade terminal.

Julator status is indicated by a single, green LED which is
minated when the set point volitage of 13.8V is reached
1 shunting of the module output commences. Whean
tery voltage draps tc 12.8V the LED is extinguished and
module output is redirectad ta the battery.

5.0
I Stock No.
100 ‘$‘ ?‘;-082 No, -$-
Solar Shunt
37.0 Reguiator 40
<
4l g
Y e x z b 1
Dia 4.5 b

T D
S&& 220
3
Q

40 N
Green LED
F
200
65.0 T 1.5

298-4578

The matrix below provides general guidelines for choosing
either a blocking diode or a regulator.

Equivaient sunshine hours —
kWhrs/m?/day

Location {OD) Summer — Winter —

mean for June mean for Dec

H | Vs [Sot| H | Vs | Sot
Plymouth 65° | 558 |285)|420)068]1.35]1.40
Manchester 68° 5171280]38510.46]10.88 091
Glasgow 71° 494 1 27613.62 1033|064 {065

Glossary of solar terms

Air mass — A measure of distance that light travels through
the earth's atmosphere.

Ampere-hour — A measure of electrical charge.

Array — A collection of photovoltaic modules, electrically
wired together and mechanically installed in their working
environment.

Block V - Module qualification tests designed and conducted
by the Jet Propulsion Laboratory. Modules undergo electrical
performance measurements and mechanical tests, such as
thermal cycling, humidity-freszing, cyclic pressure loading,
hail-impact and twisted mounting surface requirements,

Blocking diede - A device for preventing a reverse flow of
current through photovoliaic modules (also called a series
diode or an isolation diods}.

Bypass diode - A device placed in parallel with a
photevaltaic module or group of modules allowing a route for
the current under conditions of shading and cell failure (also
called a shunt dicde).

Cell efficiency - The ratio of the electrical energy produced
by a photovoltaic cell (under full sun conditions) to the
energy from suntight falling upon the cell,

Design tilt - The tiit of the array at which design and sizing
calculations are made. Ofien the design tilt is optimised for
energy cutput under prescribed conditions.

Diffuse radiation - Sunlight received indirectly as a result of
scattering due to clouds, fog, haze, dust or other substances
in the atmosphere.

Direct radiation — Light that has travelled in a straight path
from the sun (also referred to as beam radiation). An object
in the path of direct radiation casts as a shadew on a clear
day.

Fill factor — The ratio of maximur power to the product of
open-circuit voltage and short-circuit current. Fill factor is
the 'squareness’ of the IV curve shape.

Flat-plate array — A photovoltai¢ array in which the incident
solar raciation strikes a flat surface and no concentration of
sunlight is involved.

Grid-connected — An energy producing system connected
to the utility grid (also called utility-interactive).

Grounding - Commection to a large conducting body (such
as the earth), which is used as a common return for an
elecrical circult and as an arbitrary zero potential.

Holes - Vacancies, where electrons should normaily be i a
periect crystalline structure.

11
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gystem — A power system consisting of two or more
generating subsystems (e.g. the combination of a
rbine and a photovoltaic system).

on - The amount of sunlight reaching an area. Usually
sed in watts per square metre per day.

n box — A protective enclosure into which wires or
sre led and connected.

- Elecwrical power being consumed at any given
t. The load that an electric generating system
5 varies greatly with time of day and to some extent
of year. Also, in an electrical circuit, the load is any
or appliance that is using power.

um power current (Imp) — The corresponding
for the maximum power point on an I-V curve.

im power point (Pmax) — The desired operating
1 an IV curve where the product of the current and
(power) is maximised.

im power voltage (Vmp) — The corresponding
for the maximum power point on an -V curve.

+ — A number of photovoltaic cells electrically wired
r, usually in a sealed unit of convenient size for
7 and assembling into panels and arrays.

il coperating cell temperature (NOCT) - The
dtaic cell junction temperature corresponding to
| operating conditions in & standard reference
ment of IkW/m* irradiance, 20°C ambient air
ature, lm/s wind, and electrically open circuit.

ircuit voltage (Voc) - The vollage ouiput of a
iltaic device when no current is flowing through a

A number of modules wired together, which in tum,
wired to other panels 16 form an array.

connected —~ A method of commection in which

terminals are comnected together and negative
8 are connected together. Current output adds and
rge remains the same.

1 hours ~ The equivalent number of hours at peak
didons (le. 1KW/n*) that produces the same total
n as actual sun conditions,

ftaic cell — The basic device that converts light mto

de electricity; the building block of photovoltaic modules.

p-n junction — The junction formed at the interface between
two differently doped layers of semiconductor material, one
layer being doped with a positive-type dopant, the other with
a negative-type dopant. An electric field is established af the
p-ii junction which gives direction to the flow of light-
stimulated electrons.

Series connected - A method of cormection in which the
positive terminal of one device is connected to the negative
terminal of another. the voltages add and the current is
limited to the least of any device in the string.

Short-circuit current (Isc) — The current flowing freely from
a photovoltaic cell through an external circuit that hasno load
or resistance; the maximum current possible under normal
operating conditions.

Solar constant — The rate at which energy is received from
the sun just ouiside the earth's atnosphere on a surface
perpendicular to the sun's rays. Approximately equal to
1.38KW/m=.

Standard test conditions (STC) - Test conditions in a
standard reference environment of 1k¥W/m? 25°C cell
temperature, and 1.5 air mass spectnim.

Thick cells — Conventional cells, such as crystalline silicon
cells, which are typically from 4 to 17mum thick. In contrast,
thin-film cells are several microns thick.

Thin-film cells — Photovoltaic cells made from a number of
layers of photo-sensitive materials. These layers are typicaily
applied using a chemical vapour deposition process in the
presence of an electric field.

Voltage regulator — A device that controls the operating
voltage of a photovoltaic array.

Watt — A measure of electrical power or amount of work
done in a unit of time. One Amp of current flowing at a
potential of cne Volt produces one Watt of power,

ents shall not be liable for any liability or loss of any nature (howsoever caused and whether or not due to RS Components’ negligence)

result from the use of any information provided in RS technical literature

ponents, PO Box 89, Cerby, Northants, NN17 9RS

“ectrocomponents Company

Telephone: 01536 201234
© RS Components 1998



APPENDIX D

QUAD 2-INPUT AND, OR, AND NOT GATE DATA SHEETS
FROM PHILIPS



" INTEGRATED:CIRCUITS

DATA SHIEET

For a complete data sheet, please also download:

* The IC06 74HC/HCT/HCU/HCMOS Logic Family Specifications |
» The IC06 74HC/HCT/HCU/HCMOS Logic Package Information
e The IC06 74HC/HCT/HCU/HCMOS Logic Package Outlines

74HC/HCTOS
Quad 2-input AND gate

roduct specification December 1990

ile under Integrated Circuits, IC06

ailips P
smiconductors @ pH I LI ps



lips Semiconductors _ : Product specification

auad 2-input AND gate 74HC/HCTO8

ATURES

iutput capability: standard
;¢ category: SSI

NERAL DESCRIPTION

- 74HCMHCTOS are high-speed Si-gate CMOS devices and are pin oompatible with low power Schottky TTL (LSTTL).
v are specified in compliance with JEDEC standard no. 7A. The 74HC/HCTOS8 provide the 2-input AND function.

ICK REFERENCE DATA
D=0V, Tagmp=25°C;t,=tk=6ns

TYPICAL
YMBOL PARAMETER CONDITIONS - UNIT
HC HCT
U teLH propagation delay nA, nB to nY C L =15pF; Voo =5V |7 gl ns
input capacitance ‘ 3.5 3.5 pF
D power dissipation capacitance per gate |notes 1 and 2 10 20 pF

es

Cpp is used to determine the dynamic power dissipation (Pp in pW):
Pp = Cpp X Vg2 X fi + X (Cp x Vee? x fp) where:

fi = input frequency in MMz

fo = output frequency in MHz

C. = output load capacitance in pF

Voo = supply voltage in V

T (CL x V2 x f) = sum of outputs

For HC the condition is V| = GND to Vo
For HCT the conditionis Vi = GND to Ve -1.5V

JERING INFORMATION
“7AHC/HCT/MCUMHCMOS Logic Package Information”.

ember 1990 2



ips Semiconductors

Product specification

Quad 2-input AND gate 74HC/HCTO8
DESCRIPTION
i NO. SYMBOL NAME AND FUNCTION
1,9, 12 1A to 4A data inputs
3,10, 13 1Bto 4B data inputs
3,8 11 1¥ to 4Y data outputs
GND ground (0 V)
Veo positive supply voliage
A &
taf3 U 14} vee _‘.:D”‘ wl 3 2 —
2 {18 -
{2 i3] 48 N . :
(3] 73} 4a i%D_?i,e. 1 o
a4 08 11} ey s 1aa .
28[5] 4] =5 EEDJL—E‘ o] & | u
Fid E 3 A 12 144 wln
cwo 7] BE E'ED_ {;’—- & [

Fig.1 Pin configuration.

7293800

Frpyeor.t

Fig.2 Logic symbol. Fig.3 IEC logic symboi.

Fig.4 Functional diagram.

FUNCTION TABLE

‘:} INPUTS OUTPUT
Y nA nB nY
8 Tre3aM
L L L
Fig.5 HC logic diagram I-I?I IL:I ::
one gate).
(one gate) o " L
Note

Fig.6

1. H=HIGH voltage levet
L = LOW voltage level

TZ0I04

HCT logic diagram
{one gate).

wnber 1990




ips Semiconductors Product specification -

duad 2-input AND gate 74HC/HCTO8

CHARACTERISTICS FOR 74HC
the DC characteristics see “74HC/HCT/HCU/HCMOS Logic Family Specifications”.
out capability: standard

sategory: SSI
CHARACTERISTICS FOR 74HC
I=0V;t,==6ns; C,.=50pF
Tamb (°C) TEST CONDITIONS
74HC
MBOL. | PARAMETER UNIT | v,
+25 ~40to +85 | —40to +125 (\‘;;3 WAVEFORMS
min. { typ. | max. [ min. { max. | min. | max..
{lpiy | propagation delay 25 a0 115 135 2.0
nA, nB to nY 9 18 23 27 ns 45 |(Fig.7
7 15 : 20 23 6.0
/i | output transition 19 75 95 110 2.0
time 7 15 19 22 ns 4.5 |Fig.7
6 13 16 19 8.0

mber 1990 4



lips Semiconductors Product specification

Auad 2-input AND gate 74HC/HCTO08

CHARACTERISTICS FOR 74HCT

“the DC characteristics see “74HC/HCT/HCU/HCMOS Logic Family Specifications”.
tput capability: standard

category: S5l

te to HCT types .
: value of additional quiescent supply current (Aicc) for a unit load of 1 is given in the family specifications.
determine Algc per input, multiply this value by the unit load coefficient shown in the table below.

PUT UNIT LOAD COEFFICIENT
. NB 0.6

CHARACTERISTICS FOR 7T4HCT
D=0Vt =t=6ns; C_ =50 pF

Tamb (°C} TEST CONDITIONS
T4HCT
'MBOL | PARAMETER UNIT | v
+25 ~40to +85 | —40to +125 (333 WAVEFORMS
min. | typ. | max, | min. { max. | min. | max.
STA propagation delay .
U PLH
nA 0B to nY 14 |24 30 36 ns 45 |Fig.7
Linu | oulpul transition 7 115 19 2 ns |45 |Fig7
time
WAVEFORMS
nA, nB INPUT vl
TPHL— tPLH
Y DUTPUT vyt
FI39002 R+ L < trim

1} HC Wy =50%; V) = GND to Ve,
HCT: V=13V V,=GND1ta 3V,

Fig.7 Waveforms showing the input (nA, nB) to output (nY) propagation delays and the output transition times.

‘KAGE OUTLINES
“T4HC/HCT/HCU/HCMOS Logic Package Outlines”.

amber 1990 5



DATA SIHEET

For a complete data sheet, please also download:

e The IC06 74HC/HCT/HCU/HCMOS Logic Family Specifications
« The IC06 74HC/HCT/HCU/HCMOS Logic Package Information
» The 1C06 74HC/HCT/HCU/HCMOS Logic Package Outlines

7T4HC/HCT32
Quad 2-input OR gate

roduct specification December 1990

ile under Integrated Circuits, IC06

P2 tors = PHILIPS




ifips Semiconductors Product specification

Quad 2-input OR gate , 74HC/HCT32
e P A
aTURES GENERAL DESCRIPTION

Jutput capability: standard The 74HC/HCT32 are high-speed Si-gate CMOS devices
~c category: SSI and are pin compatible with fow power Schoftky TTL

{LSTTL). They are specified in compliance with JEDEC
standard no. 7A.

The 74HC/HCT32 provide the 2-input OR function.

ICK REFERENCE DATA
D=0V;Tagmp=25°C;t,==6ns

TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
. HC | HCT
i teLH propagation delay nA, nB to nY CL=15pF; Ve =5V 6 9 ns
input capacitance 35 |35 pF
0 power dissipation capacitance per gate notes 1 and 2 16 (28 pF

es

Cep is used to determine the dynamic power dissipation (Pp in pW):
Pp = Cppx Voe? xfi+ X (CL x Vec? % 1f,) where:

fi = input frequency in MMz

fo = output frequency in MHz

2 {C x Vgc? x fy) = sum of ouiputs

C; = output load capacitance in pF

Vo = supply voltage in V

For HC the condition is V| = GND to V¢
For HCT the cendition is V| = GND to Vo — 1.5 V

DERING INFORMATION
“TAHC/HCTMHCUHCMOS Logic Package information”,

amber 1990 2



ips Semiconductors Product specification
Quad 2-input OR gate 7T4HC/HCT32
DESCRIPTION
PIN NO. SYMBOL NAME AND FUNCTION
4,9,12 1Ato 4A data inputs
5, 10,13 1B to 4B data inputs
5,8 1 1Y to 4Y data outputs
GND ground (O V)
Voo positive supply voltage
——— > 3
wmr] y :’__;’ Yee - 1‘: L4 EI e [
2
iB E 13| 48 ] 2 4_ 24 .
v [T 12} 4a —: 28 2vfe =
24 [4 a2 E Ay A .
28 [5 ] 10] 38 ..‘__:_:: avla o ] 2 L
2v [€] (1] 34
anc 7] 7] av i :: av]n ;T_ =
- FLATAI0E Toiosasy
Fig.1 Pin configuration. Fig.2 Logic symbol. Fig.3 IEC logic symbol.
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lips Semiconductors Product specification
Auad 2-input OR gate 74HC/HCT32
FUNCTION TABLE
INPUTS QUTPUT
ralpL nA nB nY
o rad ] - - y
Tslas LI L H H
H L H
— 3els H H H
0l3e
1alea ol Notes
EEILL - 1. H=HIGH voltage level
L = LOW voltage level

ITAIAZAN

Fig.4 Functional diagram.

%

TZE0MDQ

Fig.5 Logic diagram 74HC (one gate).

A
Y
]
72817

Fig.6 Logic diagram 74HCT (one gate).
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ips Semiconductors Product specification

Juad 2-input OR gate 74HC/HCT32

CHARACTERISTICS FOR 74HC
the DC characteristics see “74HC/HCT/HCU/HCMOS Logic Family Specifications”.

put capability: standard
category: SSI

CHARACTERISTICS FOR 74HC
2=0V,ty =tr=6ns; C; =50 pF

Tamb (°C) TEST CONDITIONS
74HC
MBOL PARAMETER UNIT |y . | WAVEFORMS
+25 —40fo+85 | 40to +125 V)
min. | typ. { max. | min. | max. | min. [ max.
/ teun | propagation delay 22 |90 115 135 |ns 2.0 |Fig.7
nA, nB to nYy 8 18 23 27 4.5
6 15 ‘ 20 23 6.9
At output transition time 19 75 95 110 ns 2.0 |Fig.7
7 15 19 22 4.5
6 13 16 19 6.0

CHARACTERISTICS FOR 74HCT

the DC characteristics see “74HC/HCT/HCU/HCMOS Logic Family Specifications”.
out capability: standard

:ategory: S3I

3 to HCT types

value of additional quiescent supply current (Algc) for a unit load of 1 is given in the family specifications.
etermine Algg per input, multiply this vatue by the unit load coefficient showr: in the table below.

uT UNIT LOAD COEFFICIENT
nB 1.20

ZHARACTERISTICS FOR T4HCT
=0V tr=t=6ns; C.=50pF

Tamb (°C) TEST CONDITIONS

74HCT v
ABOL PARAMETER UNIT | .5 | wAVEFORMS
+25 —40to +85 | —40to +125 v
min. | typ. | max. | min. | max. { min. | max.
{ toLn { propagation delay 11 24 30 36 ns 4.5 |Fig.7
nA, nB to nY
{ trur | output transition ime 7 15 19 22 ns 4.5 {Fig.7

imber 1890 5




ips Semiconductors Product specification

uad 2-input OR gate . 74HC/HCT32

WAVEFORMS

nAnb teegy  Tvi'Y

L tPLH

nY QUTAUT vt
1) HC Vi = 50%; V, = GND 1o Vec.

HCT: Vy =13V, Vi=GNDto 3V,
M : 1200881 HL] b -l

TLH

Fig.7 Waveforms showing the input (nA, nB} to output (nY) propagation delays and the output transition times.

‘KAGE OUTLINES
“T4HC/HCT/HCU/HCMOS Logic Package Outlines”.

'mber 1880 6
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SN54147, SN54148, SN54L.8147, SN54L.5148

SN74147, SN74148 (T1119907), SN74LS147, SN74LS148
10-LINE TO 4-LINE AND 8-LINE TO 3-LINE PRIORITY ENCODERS

SDLS053B - OCTOBER 1976 - REVISED MAY 2004
= e

147, °'L.S147
¢ Encode 10-Line Decimal to 4-Line BCD
®  Applications Include:

— Keyboard Encoding
- Range Selection

148, 'LS148

Encode 8 Data Lines to 3-Line Binary
{Octal)

Applicaticns Include:

- n-Bit Encoding

- Code Converters and Generators

SN54147, SN54LS147 . . . J OR W PACKAGE SN54148, SN54LS148 . . . J OR W PACKAGE
$N74147, SNT4LS147 .. . D OR N PACKAGE SN74148, SNT4LS148 __ . D, N, OR NS PACKAGE
(TOP VIEW) {TOP VIEW)
(W) (W)
4[]+ 18] Ve 4 16{]Vee
5[]z 5] NC 5{]2 15{} £0
sl 141] D 6(]3 14llcs
7[}4 131 3 704 13[] 3
8 [ls 12[f 2 Elfls 12[] 2
clls 1|} 1 a2lle 11411
B[]7 1]l o a1 ll7 100
GND [f8 ol A GND {8 s{] A0
SN54LS147 . . . FK PAGKAGE SN54LS148 . . . FK PACKAGE
(Top VIEW} (TOP VIEW)
@]
o do O
w <+ Z >U = w o = § LOI..!
) S | TR ) I 3 S | ] P W § W § S | N
32 12619 32 12019
6] 4 18[] D 614 g[] GS
75 17[] 3 715 17[] 3
NC s 16[} NC ne s 161 NC
8{]7 15[ 2 e ll7 15[] 2
clsa 141 1 IVIIE 14[]
9 10 1112 13 9 10 1112 13
e | ¥ o oy T |
MmO <« ¢ — 0O <O
zZZ < 2z % <
o o]
NC — No internal connection
TYPICAL TYPICAL
TYPE DATA POWER
DELAY DISSIPATION
47 10 ns 225 mWw
148 10 ns 190 mwy
L5147 15 ns5 60 mw
15148 15 ns 60 mwW

TE: The SN54147, SN54L.5147, SN54148, SN74147, SN74L5147, and SN74148 are obsolete and are no longer supplied.

Please be aware that an important notice concerning availabifity, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

WCTION DATA inlormation is cwrent as of publication date.
wcts condoem to specifications per the terms of Taxas instruments
ard warranty. P pr g does not iy nclude
@ of all parameters.

{’ TEXAS
INSTRUMENTS

Copyright © 2004, Texas Instruments Incorporated

On pmim eompﬁmun WL—PRF-G!SE all pmmdan we leld
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147, SN54148, SN54LS147, SN54LS148
147, SN74148 (TIM9907), SN74LS147, SN74LS148
{E TO 4-LINE AND 8-LINE TO 3-LINE PRIORITY ENCODERS

B - OCTOBER 1976 - REVISED MAY 2004

iptionfordering information

hese TTL encoders feature priarity decoding of the inputs to ensure that only the highest-order data line is
ncoded. The "147 and 'LS147 devices encode nine data lines to fourding (8-4-2-1) BCD. The implied decimal
ero condition requires no input condition, as zero is encoded when all nine data lines are at a high-logic level.
he 148 and 'LS148 devices encode eight data lines to three-line (4-2-1) binary (octal). Cascading circuitry
snable input El and enable output EO) has been provided to allow octal expansion without the need for external
ircuitry. For all types, data inputs and outputs are active at the low logic level. All inputs are buffered to represent
ne normalized Series 54/74 or 54/74LS load, respectively.

ORDERING INFOCRMATION

a PACKAGET PARTNUMBER | MARKING
POIP - N Tube SNT4LS148N SN74LS148N
Tube SN74L51480D

0°Cta 70°C sole-D Tape and reel | SN74LS148DR L5148
SOP - NS Tape and reel SN74LS148NSR 7415148
colP-J Tube SNJB4LS3148J SNJ54L.51484

-55°C to 125°C [CFP-W Tube SNJ54L5148W SN.J54LS148W
LCCC - FK Tube SNJ54LS148FK SNJ54LS148FK

1 Package drawings, standard packing quantities, thevmat data, symbolization, and PCB design guidelines are

availabfe at www.ti.com/sc/package.

FUNCTION TABLE - '147, '1.S$147

INPUTS OUTPUTS
1 2 3 4 § 6 7 g 9 0 c B A
H H H H H H H H H H H H H
X X X X X X X X L L H H L
X X X X X X X L H L H H H
X X X X X X L H H H L L (R
X X X X X L H H H H L L H
X X X X L H H H H H L H L
X X X L H H H H H H L H H
X X L H H H H H H H H L L
X L H H H H H H H H H L H
L H H H H H H H H H H H L

H = high logic level, L. = low logic level, X = irrelevant

“5 TEXAS
INSTRUMENTS
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SN54147, SN54148, SN54LS147, SN54LS148
SN74147, SN74148 (TIM9007), SN74LS147, SN74LS148
10-LINE TO 4-LINE AND 8-LINE TO 3-LINE PRIORITY ENCODERS

SDLS0S3B - OCTOBER 1976 - REVISED MAY 2004

FUNCTION TABLE - ™48, 'LS148

INPUTS ] OUTPUTS
El 0 1 2 3 4 5 6 7 A2 A1 AD GS EQ
H X X X X X X X X H H H H H
L H H H H H H H H H H H H L
L X X X X X X X L L L L L H
L X X X X X X L H L L H L H
L X X X X X L H H L H L L H
L X X X X L H H H L H H L H
L X X X L H H H H H L L L H
L X X L H H H H H H L H L H
L X L H H H H H H H H L L H
L L H H H H H H H H H H L H

H = high logic level, L = low logic level, X = imelevant

"? TEXAS
INSTRUMENTS
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147, SN54148, SN54LS147, SN54LS148
147, SN74148 (TIM9907), SN74LS147, SN74LS148
NE TO 4-LINE AND 8-LINE TO 3-LINE PRIORITY ENCODERS

8 - OCTOBER 1976 — REVISED MAY 2004

'LS147 logic diagram (positive logic)

LIS

, 12

o>

(9)

1

V00

T

§ P00 o

(1)

!

10d)

{2)

I

{3)

v VY

!

()

7 @4 G,>
bt e

[]JT“T

()

o (10) . Doﬂ D

ibers shown are for D, J, N, and W packages.

{’? TEXAS
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SN54147, SN54148, SN54L5147, SN54LS148
SN74147, SN74148 (TIMS907), SN74LS147, SN74LS148
10-LINE TO 4-LINE AND 8-LINE TO 3.LINE PRIORITY ENCODERS

SDLSC53B ~ OCTOBER 1976 — REVISED MAY 2004

48, ’L.S148 logic diagram (positive logic)

o (19

(1)

L

L

—

AQ

5 (3

1)

M 4

@

7 v
PR
e Y

(3)

4} (8)

A2

NAREN

oy

g O

Vﬁ%

in numbers shown are for D, J, N, NS, and W packages.
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147, SN54148, SN54L.5147, SN54LS148
147, SN74148 (TIM9907), SN74LS147, SN74LS148
\E TO 4-LINE AND 8-LINE TO 3-LINE PRIORITY ENCODERS

3~ QCTOBER 1976 — REVISED MAY 2004

ratics of inputs and outputs

147,148

EGUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS

vVee - - vco
85 () NOM
Req
input —
Output

0 input {"148): Rgq =2 kQ2 NOM
All other inputs: Rgq = 4 ki? NOM

"LS147,°LS148

EQUIVALENT OF ALL INPUTS TYPICAL OF ALL QUTPUTS

*—Vee
Vee * -
120 O NOM
Req
Input —
Qutput

'LE143 inputs 1-7: Rgq = 9 k NOM

All other inputs: Req = 18 kQ NOM

Q’ TEXAS
INSTRUMENTS
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SN54147, SN54148, SN54LS147, SN54LS148
SN74147, SN74148 (Ti18907), SN74LS147, SN74LS148
10-LINE TO 4-LINE AND 8-LINE TO 3-LINE PRIORITY ENCODERS

SDLE0NS3B - CCTOBER 1976 - REVISED MAY 2004

bsolute maximum ratings over operating free-air temperature (unless otherwise noted)t

Supply voltage, Voo (see NOte 1) .. oo 7V
Input voltage, Vi: 147, 148 L L e 55V
G147, LS 48 A"

Inter-emitter voltage: 48 oonly {see Note 2) ... ... ... . . . 55V
Package thermal impedance 8, (see Note 3): D package ................................... 73°C/W
Npackage ............ciiiiiiiiiiiii .. 67°C/W

NSpackage ..............ccciiiiiiiini.n. 64°C/W

Storage temperature range, Tgpg -« ... vve i -65°C to 150°C

Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage 1o the device. These are stress ratings only, and
functionat operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
JTES: 1. Voltage values, except inter-emitter voltage, are with respect to the network ground terminal.
2. This is the voltage between two emitters of a muttiple-emitter transistor. For '148 circuits, this rating applies between any two of the
eight data lines, 0 through 7.
3. The package thermal impedance is calculated in accordance with JESD 51-7.

:commended operating conditions (see Note 4)

SNS4 SNT# SN54LS’ SN74L8'
MIN NOM MAX ] MIN NOM MAX| MIN NOM MAX| MIN NOM MAX UNIT
‘c  Supply voltage 4.5 5 55| 475 5 525 4.5 5 55| 475 5 525 \Y
oH  High-level output current -8C0 -800 ~400 =400 1
oL Low-level output current 16 16 4 8] mA
A Operating free-air temperature | —-55 125 0 701 -55 125 0 70 °C

JTE 4: Allunused inputs of the device must be held at Voo or GND to ensure proper device operation. Refer 1o the Tl application report,
Implications of Siow or Floating CMOS Inputs, literature number SCBAGG4.

b TEXAS

INSTRUMENTS
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147, SN54148, SN54L5147, SN54L.S148
147, SN74148 (TIM9907), SN74LS147, SN74LS148
NE TO 4-LINE AND 8-LINE TO 3-LINE PRIORITY ENCODERS

3B - OCTOBER 1576 — REVISED MAY 2004

ical characteristics over recommended operating free-air temperature range (unless
wise noted)

147 148
ARA : 1
P METER TEST CONDITIONS MIN TYPT MAX| MIN TYPE MAX UNIT

High-level input voltage 2 2 \4
Low-level input voltage 0.8 0.8 v
Input clamp voltage | Vco = MIN, lj=-12 ma -1.5 -1.5 v
High-leve! output voltage gﬁi?glc ?g: z Eg’oo pa| 24 33 24 33 v
Low-level output voltage xﬁczzh;ic ! :g': : 126Vrln A 02 04 02 04 \
Input current at maximum input _ _
votiage Voo = MIN, V=55V 1 1| mA
High-level input | O inptt 40

Voo = MAX, V=24V
current Any input except 0 ce I 40 80 HA
Low-tevet input | O input Ve = MAX Ve 04V -1.6 A
cuirent Any input except 0 ce ' =% -16 -3.2
Short-circuit output currentd Vor = MAX -35 -85 | -35 ~-85| mA

Voo = MAX Condition 1 50 70 40 60
Supply curren: (See Note 5) Condition 2 42 62 3B 55|

nditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

cal values are at Voo = 5V, Tp, = 25°C.

we than one output should be shorted at a time.
For 147, Igc (Condition 1) is measured with input 7 grounded, other inputs and outputs epen; Ice (Conditions 2) is measuced with all
inputs and outputs open. For '148, I (Condition 1} is measured with inputs 7 and Et greunded, other inputs and outputs open; Igc
(Condition 2) is measured with ali inputs and outputs open.

147, SN74147 switching characteristics, Voo = 5V, Ty = 25°C (see Figure 1)

FROM TO TEST

\METER (INPUT) (OUTPUT) WAVEFORM CONDITIONS MIN  TYP MAX| UNIT
PLH 9 14
————— Any Any fn-phase output ns
PHL CL = 15pF, 7 1

R =400 Q 13 19
PLH Any Any Qut-of-phase output ns
PHL 12 19

‘t{’ TEXAS
INSTRUMENTS
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SN54147, SN54148, SN54LS147, SN54LS148
SN74147, SN74148 (TIM9907), SN74LS147, SN74LS148
10-LINE TO 4-LINE AND 8-LINE TO 3-LINE PRIORITY ENCODERS

SDLS053B ~ OCTOBER 1976 - REVISED MAY 2004

N54148, SN74148 switching characteristics, Voc =5 V, Tp = 25°C (see Figure 1)

FROM 10 TEST
PARAMETERT (INPUT) (OUTPUT) WAVEFORM CONDITIONS MIN  TYP MAX| UNIT
tPLH 10 15
— ] 1-7 AD, A1, or A2 In-phase output ns
tPHL 9 14
PLH 13 19
N | -7 AQ, A1, or AZ Qut-of-phase output ns
PHL 12 19
ki 6 10
. PLH 0-7 EOQ Out-of-phase output ns
PHL ) : 14 25
PLH CL= 15pF, 18 30
PHL 0-7 GS In-phase output RL = 400 O 14 75 ns
i 10 15
R Et AO, A1, or A2 In-phase output ns
tPHL ) 10 15
i 8 12
PLH El GS In-phase oulput ns
tPHL 10 15
{ 10 15
— P El EQ In-phase output ns
tPHL | A7 30

PiLH = propagation delay time, low-to-high-levei cutput.
PHL = propagation delay time, high-to-low-levei output.

ectrical characteristics over recommended operating free-air temperature range (unless
‘herwise noted)

ST conpiTionst SN54LS’ SN74LS’
PARAMETER TEST UNIT
MIN TYPT MAX| MIN TYPT MAX
H High-tevel input voltage 2 2 v
W Low-leve! input voltage 0.7 0.8 A
1K Input clamp voltage Voo = MIN, I| ==18 mA =15 -15 v
_— Voo = MIN, ViH=2V,
OH | High-level output voltage Vi =08V, IOH = ~400 pA 25 3.4 27 3.4 v
Vo = MIN, loL =4 mA 025 04 025 04
oL | Low-level output voitage ViH=2V, v
V)L = V| MAX oL =8 mA 03% 05
Input current at | 'LS148 inputs 1-7 0.2 0.2
maximum input Voo = MAX, Vi=7V mA
voltage All other inputs 0.1 0.1
High-level input  j 'LS148 inputs 1-7 40 40
Ve =M =27V
K current All other inputs CC = MAX, M 20 0] M
Low-level input 'LS5148 inputs 1-7 -0.8 -0.8
) owievel inpu _ Voe = MAX, Vi=04V mA
current Al other inputs ~0.4 -04
S Short-circuit output current$ Voo = MAX -20 -100| -20 =100 mA
Voo = MAX Condition 1 12 20 12 20
. Supply current - mA
< PPy (See Note 6) Condition 2 0 17 10 17

or conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. :

dl typical values are at Vo =5V, Ta = 25°C.

lot more than one output should be shorted at a time.

HTE6: For'L3147, Icg (Condition 1) is measured with input 7 grounded, other inputs and outputs open; Igg (Condition 2) is measured with
all inputs and outputs open. For 'LS148, Icc (Condition 1) is measured with inputs 7 and El grounded, other inputs and outputs open:
Icc (Condition 2) is measured with all inputs and outputs open.

"!’ TeEXAS
INSTRUMENTS
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147, SN54148, SN54LS147, SN54LS148
147, SN74148 (TIM8907), SN74LS147, SN74L5148
NE TO 4-LINE AND 8-LINE TO 3-LINE PRIORITY ENCODERS

B - OCTOBER 1976 - REVISED MAY 2004

L5147, SN74LS147 switching characteristics, Voo = 5V, Ty = 25°C (see Figure 2)

FROM

TO

TEST

AMETER (INPUT) (OUTPUT) WAVEFORM CONDITIONS MIN  TYP MAX| UNIT
PLH 12 18
Any Any In-phase output ns
PHL € = 15pF, 12 18
PLH Ry = 2k 21 33
Any Any Qut-of-phase output ns
PHL 16 23
L5148, SN74L5148 switching characteristics, Voo = 5V, Ta = 25°C (see Figure 2)
FROM TO TEST
METERT (INPUT) (OUTPUT) WAVEFORM CONDITIONS MIN  TYP WMAX | UNIT
14 18
PLH 1-7 A0, A1, or A2 In-phase output ns
PHL. 15 25
PLH 20 36
1-7 A0, A1, or A2 Out-of-phase output ns
7 18
PLH -7 EC QOut-of-phase output ns
PHL 25 40
PLH CL= 18pF, 35 55
orL 0-7 GS In-phase output RL = ZkQ 3 p ns
16 25
aal El AD, A1, or A2 in-phase output ns
12 17
ELH El GS In-phase output ns
PHL 14 36
12 21
PLH Ei EOQ In-phase output ns
PHL 23 35

propagation delay time, low-to-high-level output
propagation defay time, high-to-laow-level autput

‘b TEXAS
INSTRUMENTS
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SN54147, SN54148, SN54LS147, SN54LS148

SN74147, SN74148 (TIM9907), SN74LS147, SN74L5148
10-LINE TO 4-LINE AND 8-LINE TO 3-LINE PRIORITY ENCODERS

SDLST53B - OCTOBER 1976 ~ REVISED MAY 2004

PARAMETER MEASUREMENT INFORMATION

SERIES 54/74 DEVICES
Vee OT’VVV—CL
est Ry
Test Point 1
Point Vee
From Qutput
Vee Under Test {see Note B)
R Cr
From Qutput RL {see Note A} 7T
Under Test '
(seeNote B)  rrom output Test
CcL Under Test Point =
(see Note A} CL
(see Note A) I A{sz
LOAD CIRCUIT LOAD CIRCUIT LOAD CIRCUIT
FOR 2-STATE TOTEM-POLE QUTPUTS FOR OPEN-COLLECTOR QUTPUTS FOR 3-STATE OUTPUTS
. . KA
High-Level Tirning
Pulse 15V 1.5V Input 15V
| re T T T ST T ov
< ty gl th
| | tsy —t4—d] |
! ——— 3V
Low-.evel 1.5V 15V Data 1.5V 15V
Pulse Input
ov
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PULSE DURATIONS SETUP AND HOLD TIMES
Qutput
Control
_____ 3V {low-level
input 15V 1.5V enabling) |
[ ov tpzL —f: < b e—tpz

In-Phase
Qutput
see Note D)

| |
tPHL —t4— H—":—‘PLH
! |

ut-of-Phase VoH
OQutput 1.5V 15V
see Note D) —— — VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

OTES: A, C includes probe and jig capacitance.
B. Al dicdes are 1N3064 or equivalent.

Waveform 1 | P =15V
{see Notes C | 15V i
and D) I VoL VoL+05V
| |
tpzn— M= B M tpyz
| — VoH
Waveform 2 F ———VOoH-05V
(see Notes C 1.5V .
and D) 18V

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS

C. Waveform 1 is for an output with intemal conditions such that the output is low, except when disabled by the output control,
Waveform 2 is for an output with intemal conditions such that the output is high, except when disabled by the output control.

D. $1and S2 are closed for tp_ 14, tpHL. tPHz, and fp( 7 S1is open, and S2 is dosed for tpz; S1 is closed, and S$2 is open for pzL-

E. Al input puises are supplied by generators having the following characteristics: PRR < 1 MHz, Zpy= 50 £ {r and tf <7 ns for Series
54/74 devices and t; and tf < 2.5 ns for Series 545/74S devices.

F. The outputs are measured one at a time, with one input fransition per measurement.

Figure 1. Load Circuits and Voltage Waveforms

{’? TEXAS
INSTRUMENTS
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ERTCART

LM741 Operational Amplifier

General Description

The LM741 series are general purpose operational amplifi-
ers which feature improved performance over industry stan-
dards like the LM708. They are direct, plug-in replacements
for the 709C, LM201, MG143% and 748 in most applications.
The amplifiers offer many fealures which make their appli-
cation nearly loolproof: overload protection on the input and

Movember 1994

National Semiconductor

output, no latch-up when the common rmode range s ex-
ceaded, as well as freedom from oscillations.

The LM741C/LMT41E are identical to the LM741/LM741A
except that the LM741C/LM741E have their performance
guaranteed over a 0°C to +70°C temperalure range, in-
slead of —55°C lo +125°C. -

Schematic Diagram

~
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o3 a9 01z Nk
] —{:\ou
2 INVERTIG
HOH=IHYLRTING RS
INPUT INPUT ? e
s |___‘
:-_]: Ci
30 pF
]
Q4 § it
I/_..—-—a .
015 b= OUTPUT
< RI0
50
017
414 o0
o az2 — 020
OFFSET HULL 5 QrFsel
HULL
e
sz Re R1z 5 ’h
1 5K 5% T 50
(4 Vo
TL/HOR31 -

Offset Nulling Circuit

p oUTPUT
T
o

To/HAO341-7
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bsolute Maximum Ratings

Military/Aerospace specified devices are required,
stributors for availabkility and specifications.

please contact the Naticnal Semiconductor

Sales Office/

ate 5)
LBM741A LM741E LM741 LM74iC
pply Voltage 22V +22V +22V 18V
wer Dissipalion (Note 1) 500 mW 500 mW 500 mwW 500 mwW
terential Inpul Voilage 30V =30V +30V =30V
it Voltage (Note 2} =15V =15V 15V =15V
itput Short Circuit Duration Contintous Continuous Continuous Continuous
seraling Temperature Range —53°Gto + 125°C 0°Cto +70°C -55'Cto +125°C 0°Cto +70°C
arage Temperalure Hangs ~B5"Cto + 150°C -65°Cto +150°C -65°C to +150°C ~65°Cto +150°C
nction Temperalure 150°C 100°C 150°G 100°C
idering Information
N-Package (10 seconds}) 260°C 260°C 260°C 260°C
J- or H-Package (10 seconds}) 300°C 300°C 300°C 300°C
M-Packags
Vapor Phase (60 seconds) 215°C 215°C 215°C 215°C
Infrared {15 seconds) 215°C 215°C 215°C 215°C
s AN-450 “Surface Mounting Methods and Tneir Effect on Product Raliability”” for olhar methods of soidering
rface mount devices. .
30 Tolerance (Note 6) 400V 400V 400V 400V
lectrical Characteristics N 3)
M7 L L 41
Parameter Conditicns LM741A/LM74TE M7 L7 C Units
Min | Typ | Max | Min | Typ | Max | Min | Fyp i Max
11 Difset Voltage Ta = 25°C
Rg < 10 kil 10 | 50 20 | 68 mv
Rg = 500} 08 3.0 mYy
Tamin = Ta = Tanax
fg = 500 4.0 | my
Rg = 10kN 6.0 P75 my
rage m,?m Offsal 15 ! uv /G
;age Driil A
\ v = £5°C = =20
A Offsel Vollage Ta = 25°C, Vg = =20V +10 15 -13 iy
Jsiment Range
1t Offsat Currant Ta = 25°C 3.0 30 20 200 20 200 nA
Tamin % Ta = Tamax 70 B3 | 500 300 | nA
srage Input Oifset
5 WA
rent Drift s ! PASSC
J1 Bias Cusrent Ty = 25°C 30 80 a0 500 ad 500 nA
Tanun € Ta = Tavax 0.210 i5 {081 pA
ut Fesistance Tg = 25°C, Vg = 720V 10 | 60 0.3 2.0 0.3 20 M1t
Tanie = Ta = Tapsax,
’ 5 M
Vg = 20V 0
ut Voltage Range Tp = 25°C z12| =13 vV
Tamin = Ta S Tapax =12 | =13
ge Signal Voitage Gain | Ta = 25°C. Ry = 2k
Vg = £20V,Vp = zt5¥ | 50 Vimy
Vg = =16V, Vg = 10V 50 200 20 200 V/imv
Tamin = Ta = Tanas i
Bl x 2k, i
Vg = 120V, Vg = Z15V | 32 ! v/my
Vg = 215V Vo = = 10V 25 13 Vimy
vg = #5V.Vp = =2V 10 | ; Vimv




Electrical Characteristics (vote 3) (Continued)

. LM741A/LIMT7AE LM741 LM741C .
Parameter Conditions Units
Min | Typ | Max [ Min | Typ | Max Min | Typ i Max
Qutput Vollage Swing Vg = 20V
AL = 10k +16 vV
ALz 2kN +156 Y
Vg = + 15V
AL = 10 ke £12 | 14 £12) £14 vV
ALz 2k +10 | £13 +10 | +13 v
Output Shorl Gircuit Ta = 25°C 10 25 35 25 25 mA
Current Tamin = Ta = Tamax 10 40 - mA
Cormmon-Mode Tamm = Ta = Tamax .
Rejection Ratio Rg = 10k, Vo = 12V 70 90 70 90 dB
Rg < 500, Vg = £12V 80 95 dB
Supply Voltage Rejection | Tapin = Ta = TaMAXs
Ratic Vg = #20¥ioVs = 5V
Rg « 500 86 96 dB
Rg < 10k 77 96 77 96 aB
Transient Response Ta = 25°C, Unity Gain
Rise Time c25) 08 0.3 0.3 us
Overshoot 6.0 20 5 57 %o
Bandwidth (Note 4} Tp = 25°C 0437 | 1.5 MHz
Slew Rate Ta = 25°C, Unity Gain 0.3 0.7 0.5 0.5 Vius
Supply Current Ty = 25°C 1.7 2.8 1.7 28 mA
Power Consumption Ta = 25°C
Vg = 220V 80 150 miw
Vg = £18V 50 | 85 50 | 85 | mw
LAMTA4 1A Vg = w20V
Ta = Tamin 165 mw
Ta = Tamax 135 M
LM741E Vg = 20V
Ta = TaninN 150 miW
Ta = Tamax 150 v
LM741 Vg = =15V
Ta = Tamin 60 100 v
Ta = Tanax a5 | 75 , j i
Note 1: For aperaton al sievaled lemparatures, these devices must b2 darated passd on thernmal resistance. and T, max. {fstad undas “Assolate Masmum

Ratings”). Tj = Ta + [ Po)

[ Thermat Aesistance Cerdip t} DI (M) HOB (H) 5G-8 (M)
ia Lunction 1o Ambient) 100°G W 100G/ V0T 185G
i {Junction 1o Gase} MiA N A 23 C W A l

Note 2: For supply voltages |255 than = 15, the absolute maxmum npat vollage 18 agual o the supaly vollage.
Mote 3: Unless othenmse sceofied these specifications apply for Vg = = 1Y, 550 - Ty oz +125°C {Lh4731/LMT41A), For the L7410 LT 2IE, these
specifications are linuted 1o 0°C . Ta » 4 G,

Nole 4: Calculated value fram: BW (MiHz) = 0 35¢Hise Time{us).

Note 5: For miltary specif=calions see RETS7a1X tor LM7P4t and AETS7 2 1A Tor LIS/ 214

Note B Human body modat 1.5 &l in 52728 with 160 pF.
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Thermoelectric modules are solid-state devices (no moving parts) that convert electrical
energy into a temperature gradient, known as the "Peltier effect” or convert thermal energy
from.a temperature gradient into electrical energy, the "Seebeck effect.” Thermoelectric
modules used-as TE generators or TEGs are rather inefficient and little power is produced.
Typical applications of this type include NASA supplying power 1o spacegraft and elactronic
equipment along fuel pipelines where fuel may be burned off. TE modules may &lso be used
as thermocouples for temperature measurement. This discussion will focus on the use of
thermoelectric modules TEMs for cooling TECs and for temperature stabilization.

With no moving parts, thermoelectric modules are rugged,
reliable and quiet heat pumps, typically 1.5 inches (40 x
40mm) square or smaller and approximately % inch (4
mm) thick. The industry standard mean time between
failures is around 200,000 hours or over 20 years for T
modules left in the cooling mode. When the appropriate

power is applied, from a battery or other DC source, one

side of the module will be made cold while the other is

made hot. Click here to see how they work. Interestingly,

if the polarity or current flow through the module is

revered the cold side will become the hot side and vice versa. This allows TE modules to be
used for heating, cooling and temperature stabilization.

Since TE modules are electrical in nature, in a closed-loop system with an appropriate
temperature sensor and controlier, TE modules can easily maintain temperatures that vary
by less than one degree Celsius. Simpler on - off control can aiso be produced with a
thermostat.

Because the cold side of the module contracts while the hot side expands modules with a
footprint larger than 1.5 - 2 inches square usually suffer from thermally induced stresses, at
the electrical connection points inside the module causing a short, so they are not common.
Long, thin modules want to bow for the same reason and are also rare. Larger areas than an
individual module can maintain are cooled or have the temperature controlled by using
multiple modules.

We know from the second law of thermodynamics that heat will move to a cooler area.
Essentially, the module will absorb heat on the “cold side" and eject it out the "hot side" to a
heat sink. The addition of a heat sink to a module creates a thermoelectric device or TED. In
addition to the heat being removed from the object being cooled, the heat sink must be
capable of dissipating the electrical power applied to the module, which also exits through
the modules hot side.

As any Electrical Engineer will tell you the resistive or "Joule heat" created is proportional to

the square of the current applied (12 R). This is NOT the case with thermoelectric modules.
The heat created is actually proportional to the current (amperes x volts) because of the flow
of current is working in two directions (the Peltier effect). Therefore, the total heat ejected by

vww _electracool.com/basics.htm 16/02/2005
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the module is the sum of the current times the voltage plus the heat being pumped through
the cold side.

To understand the capabilities of a thermoelectric module, and related assembly, it is
necessary to understand what TE module specifications represent and their implications.

The four standard specifications for a module are 1.) The heat pumping capacity or Qmax in
watts 2.) The maximum achievable difference in temperature between the hot and cold sides -
of the module known as the Delta Tmax or ATmax, usually represented in degrees Celsius
3.) The maximum (optimal} input current in amps or imax 4.) The maximum input voltage or
Vmax when the current input is optimal (Imax).

As a practical matter it is only possible reach either heat pumping capacity in watts or to
obtain the maximum temperature differential in degrees. In other words, the DTmax is the
maximum temperature difference between the hot and cold side of the module when optimal
power is appiied and there is no heat load (Q=0). As a thermal load Q is added, the
difference in temperature between the two surfaces will decrease until the heat pumping
capacity or Qmax value is achieved and there is no net cooling (DT=0). Since your
application will likely require net cooling of an object with a thermal mass, the actual heat
pumped or Q will be less than Qmax and the actual difference in temperature will be less
than the DTmax.

Curves may be produced to show the relationship between power applied to a module and
net cooling. From our module specifications page you may see the curves for our most
poputar modules by clicking on the appropriate part number in the first column.

After learning what power is required for an appropriate module to reach the dasired level of
cooling it is necessary to focus on the assembly required, specifically heat sink selection, in
order to aliow the module to maintain the desired results.

The actual temperature achieved, with a given level of cooling or DT on the module, in an
assembly is derived by subtracting the temperature of the cold side Te from the temperature
of the hot side Th. (The advanced user should be aware that hot and cold side temperatures
are expressed in degrees Kelvin when used in equations.) Naturally, the cooler the hot side
of the module, the cooler the cold side will be. Many people not familiar with thermoelectrics
assume that the temperature of the hot side will be the same as the ambient temperature.,
This is probably not the case. As mentioned eartier, as soon as power is applied to the
modute the hot side of the module will begin ejecting this as heat to the heat sink causing it
to rise in temperature. The ability of the heat sink to dissipate this heat as well as the heat
being pumped through the cold side will determine the actual operating temperature of the
hot side thus, the cold side. '

This brings us to the importance of selecting an appropriate heat sink. In general, the better
{the lower the thermal resistance of) the heat sink the easier it is to keep the hot side
temperature from increasing. Liquid heat sinks typically have the lowest thermal resistance
however they are relatively expensive and plurnbing is required. The use of a liquid heat sink
assumes that a "house water supply” or chiller is available to cool the water or liquid being
circulated through the heat sink. The most common type of heat sink used in thermoelectric
applications is made from a thermally conductive material like aluminum or copper and has
fins that are perpendicular to a base.

www electracool.com/basics.htm ' 16/02/2005
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A typical extruded heat sink profile

it is recommended that you select the largest (greatest surface area) heat sink that you can
accommodate. In general, to reduce the thermal resistance of a heat sink by 50% it is
necessary to increase it's volume by 400%.

in most TE applications that our modules will be appropriate for, a heat sink alone will not be
able to remove a sufficient amount of heat by natural convection keep the hot side atan
acceptably low temperature. In order to help the heat sink remove heat on and around the
heat sink fins, a fan or blower must be attached which forces ambient temperature air over
the fins and exhausts the heat to ambient. This is known as a forced convection heat sink.
Even with a forced convection heat sink it is common that the hot side will stabilize at 10 -
15°C above ambient.

When installinag TE modules in an assembly it is most common to compress or "clamp” them
between a heat sink and something to be cooled. The object cooled can be a block of metal
creating a cold plate, another forced convection heat sink making an air-to-air exchanger, a
liquid heat sink forming a liquid-to-air exchanger, a probe for a water cooler or just about
anything else with a flat surface.

Thermoelectric modules are operated from a DC (Direct Current) power source rather than
AC (Alternating Current) sources such as most homes have available. DC power supplies,
AC/DC converters, batteries and battery chargers (without too much AC ripple) can all be
used as sources of power. When precise temperature control is required the power supply
must be adjustable so that as information is returned from a temperature controller,
corrections to input power can be made.

We sell Tecnologic brand temperature controliers because of their outstanding value. These
compact microprocessor based temperature controllers are about the size of a deck of cards
but are pretty big features. They are very easy to program and built to last. TLZ10 should be
selected for single set point applications like ¢old plates. The more feature rich TLK38 is
designed for operation with one or two set points and is popular with customers using our
PowerCOQOL outdoor air conditioning units because they allow for our units to be used both
for heating in winter as weli as cooling in summer. After selecting the desired temperature/s
for action, including, if you wish, neutral zone, simply place the unit within the enclosure and
you're done. For more details see the links below:

« Tecnologic's 16-amp, Single Set Point TLZ10-12V Temperature Controller Technicat
Data Sheet
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« TLZ10 User Manual Replaces TDHO1 {manual)

« Tecnologic's TLK38 Dual Set Point Temperature Controlier Technical Data Sheet
« Tecnologic TLK38 User Manual Replaces TDHO2 (manual)

With these basics guidelines to work with you should be able to evaluate the use of
‘thermoelectric modules as a possible solution to your thermal management
challenge. If you would like to learn more, we highly recommend:

« DARPA/ONR/DOE High Efficiency Thermoelectric Workshop (March 2002)

« CRC Handbogk of Thermoelactrics {1995)

« Chemistry, Physics and Materials Science of Thermoelectric Materials: Beyond
Bismuth Telluride (2003}

« Principles of Thermoelectrics: Basics and New Materials Development (2001)

« Thermoeleciric Materials 2000 - The Next Generation Materials for Small-Scale
Refrigeration and Power Generation (2001)

« Semiconductors and Semimetals, Volume 89; Becent Trends in Thermoelactric
Materials Research, Part One (2000)

« Semiconductors and Semimetals, Volume 70: Becent Trends in Thermoealectric
Materials Research, Part Two (2000)

« Semiconductors and Semimetals, Volume 71: Recent Trends in Thermoelectric
Materials Research: Part Three (2000)

« Thermoelactric Materials - New Directions & Approaches (1997)

Additional information that may be important to you may include:

o Module Specifications
o Module Prices

o Moduie Overview

o How A TEC Works

ADVANCED THERMOELECIRIC

Telephone (603) 888-2467
Fax (603) 724-6740
support@electracool.com

Specifications, drawings and data are subject to change without notice,
Copyright @1809.2005 by ADVANCED THERMOELECTRIC, all rights reserved
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: -
£ Cold Side Ceramic e

~ ] l I P + bC
" Copper Pad Power Source

A typical thermoelectric module is composed of two ceramic substrates that serve as a foundation and
insulation for P-type and N-type Bismuth Telluride dice that are connected electrically in series and the
parallel between the ceramics. The ceramics also serve as insulation between the modules internal ele
elements and a heat sink that must be in contact with the hot side as well as an object against the cold
An electrically conductive material, usually copper pads attached to the ceramics, maintain electrical ct
inside the module. Solder is most commonly used at the connection joints to enhance the electrical cor
hold the module together.

Most modules have and even number of P-type and N-type dice and one of each sharing an electrical
interconnection is known as, "a couple." The above module would be described as an 11-couple modu

While both P-type and N-type materials are alloys of Bismuth and Tellurium, both have different free el
densities at the same temperature. P-type dice are composed of material having a deficiency of electrc
type has an excess of electrons. As current (Amperage) flows up and down through the module it atter
establish a new equilibrium within the materials. The current treats the P-type material as a hot junctior
be cooled and the N-type as a cold junction needing to be heated. Since the material is actually at the :
termperature, the result is that the hot side becomes hotter while the cold side becomes colder. The din
current will determine if a particular die will cool down or heat up. in shon, reversing the polarity wili sw
and cold sides.

Leads to the modules are attached to pads on the hot side ceramic. If the module is sealed you can de
hot side without applying power. With the module on a flat surface, point the leads toward you with the
usually in red wire insulation, on the right. The bottorn surface will be the hot side.

Material researchers are investigating the use of other materials to improve the efficiency of thermoele:
but Bismuth Telluride remains the most economical material for cooling modules used in ambient temp
applications. However, at low temperature (around minus 110 degrees Celsius) this material stops bec
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semiconductor and performance is severely diminished. Typically, the highest temperature that module
operate is the melting point of the solder inside, usually + 150 or 200 °C (302 or 392° F).

Some Bismuth Telluride based modules for power generation applications are fabricated with high mel
temperature solder or without solder entirely that can be used at temperatures up to + 400 °C. Hi-Z Te
Inc. has some interesting and helpful information on this subject and manufactures modules of this typ:

if you would like to learn more, we highly recommend:

« DARPA/ONR/DOE High Efficiency Thermoelectric Workshop (March 2002)

« GRC Handbook of Thermoelectrics {1995)

« Principles of Thermoelectrics: Basics and New Materials Development (2001)

« Thermoelectric Materials 2000 - The Next Generation Materials for Small-Scale Refrigeration ar
Generation (2001)

« Semiconductors and Semimetals, Volume 68: Recent Trends in Thermoelectric Materials Rese:
0

« Se ductors and Semimetals, Volume 70:; Recent Trends in Thermoelectric Materials Beses
Two (2000)

« Semiconductors and Semimetals, Volume 71; Recent Trends in Thermoelectric Materials Rese:
Three (2000)

« Thermoelectric Materiais - New Di rec’mons & Approaches (1997)

Additional information that may be important to you may include:

+ Module Specifications
« Module Prices

« Module Overview

o DC Power Supplies

ADVANCED THERMOELECTRIC

One Tara Boulevard
Nashua, New Hampshire 03062 USA

telephone (603) 888-2467
fax (603) 888-4035
support@tecooling.com

Get Acrgbal. |
Beader™

Specifications, drawings and data ars subject to change without notice. These pages are copyright ©1999-2003 by ADYANCED THERMC

'www.electracool.com/moduleworking.htm _ 16/02/2005
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How to Install a Thermoelectric Module

Installing a TE module is relatively simple. Carefuliy following these guidelines will ensure that modules
optimally and are not damaged. Noncompliance with these guidelines may result in a decrease in mod
efficiency or failure.

Typically it is recommended that a module/s be compressed between two clean, flat and parallel surfac
thermoelectric module contains somewnhat fragile semiconductor material however, most modules are
strong in compression. Good interfaces (low thermal resistance) between the module and components
contact with it will optimize performance. With few exceptions, a module should not be used as a suppt
member because a shear force may force a module open.

If two or more modules are installed in an assefnbly, their thickness should not vary by more than 0.05
Should you require a very uniform thickness, select our “Lapped"” option, which ensures a close height
of + 0.01 mm.

It is common to "clamp" a module between a coid plate, or other object to be cooled, and a heat sink. £
example of the recommended configuration and components is pictured here., '

~— Cold plate
TE module
Heat sink

Fiber washer
Metal washer (flat)
Eplit lock washer
Sciew (stairless)

To install the module/s, follow these directions:

1.) Spread a thin layer of thermally conductive grease (i.e. AOS 52022 or Dow Corning G340) in the lo
where the module will be seated on the heat sink. Place the module on the heat sink and gently move -
module back and forth to squeeze out any excess grease.

2.) Spread a thin layer of thermal grease in the appropriate location of the cold plate, or object to be co
place this onto the module (and heat sink). As above, gently remove any excess grease.

3.) Place all connecting hardware loosely into the sub-assembly. Beginning at the center evenly tighter
connecting hardware by hand or until you meet slight resistance. In this example, you would begin with
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middle screw located between modules on the module center line.

TE Modules
Middle Serew
Cald Flate
Heat Sink

L__. Cienter line For screw focation

4.) Using a torgue-limiting wrench, begin tightening in small increments from the center bolt outward.

5.) As shown in the following figure (data by Dr. J.G. Stockholm) the thermal resistance and dispersion
thermal grease depends upon the pressure against the module ceramics and reaches a relatively low
pressure of 10 kgt/cm2. It is sufficient to provide pressure in the 10 - 15 kgf/cm2 range for acceptable ¢
thermal contact. The torque per clamping screw (Type 4 - 40, 6 - 32 manufactured from stainless steel
be no more than 0.11 kgm for modules having and area of 40 x 40 mm.

Themal Resistance

[k'm2x104:|

Interfaces with Dow Cerning G 340
Themal Grease

10 20 30

Pressure kgsf’cm2

8.) After reaching the desired torque value, leave the assembly for one hour. Check torque and re-tight
necessary.

Design Recommendations

Both the heat sink and cold plate shouid be sufficiently rigid to prevent any bowing or deformation whe
clamping your assembly together. If components are not sufficiently rigid, modules will not perform opti
may be damaged. Aluminum components should not be less than 6 mm thick and copper components
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less than 4 mm. Clamping screws should only be located on the module/s center line. We recommend
clearance between module edges and bolt holes be 3 mm. If space does not allow this, you may incre:
distance but not exceed 12 mm. '

Finally, If your finished product will be operating at temperatures near the dew point, or if the equipmer
routinely turned off, condensation from components may become water which can enter the module. T
moisture can cause corrosion leading to performance deterioration or an electrical short. Adequate car
be taken to seal modules from moisture. If you prefer, order moisture protected modules that have bee
“potted” to prevent the long term problems associated with electro-corrosion within the module ("P* suf
number) or order Epoxy sealed modules that have a bead of epoxy aircraft grade around the perimetel
module and sufficiently far down the leads to prevent wicking (“E” suffix in part number). Together thes
excepiional protection from condensation however Epoxy sealing is recommended in most application:
only potting.

Additional information that may be important to you may include:

Module Specifications
Module Prices
Module Overview
Basic Thermoelectiics
How A TEC Works

If you have a question please feel free to contact us:

ADVANCED THERMOELECTRIC

One Tara Boulevard _
Nashua, New Hampshire 03062 USA

telephone (603) 888-2467
fax (603) 888-4035
support@tecooling.com

Get Acrobat)]

Specitications, drawings and data are subject to change without notice.
These pages are copyright @1899-2004 by ADVANCED THERMOELECTRIC, all rights reserved.
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