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ABSTRACT

The purpose of this project is to design cooling system by implementing
thermoelectric cooler (Peltier) to be applied in a car. This report consists of 3 major
chapters which are Introduction, Literature review and Methodology. In average,
people park their car at open parking space which exposed directly to sun. This
situation will yield an uncomfortable situation and damage certain device in a car.
Also, the readily available air conditioning system nowadays uses fuel which is
frequently exposed to price hike. These lead to high maintenance cost of the car
itself. These problems can be soived by developing a reliable Cooling System. As
Malaysia adapts a sunny climate, it is very convenient to utilize Solar Power for
Cooling System in Car. The main objective of the project is to design a system which
implements a thermoelectric cooler, and eventually to construct prototype of Cooling
System in a car. In order to accomplish that, many studies on Solar Cell, Thermai
Cooling System, Thermoelectric Cooler and Battery Storage is done. To ensure the
smoothness of this project. Methods, tools and software that are going to be used are
determined in Methodology. Due to time constrain, the project will be implemented
by stages where by stage 1( first semester) is Literature review , research , data
gathering and calculations and stage 2 ( second semester) is Design ,testing ,

prototype , installation and analysis.
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CHAPTER 1
INTRODUCTION

Associated with the Electrical and Electronics Engineering technological development, the
world is now moving towards nanotechnology applications. Such application leads to
research in thermoelectric one of which can be used as cooler in the car compariment,
where the thermoelectric will be so}ar powered .The project innovation is to design a

Cooling System utilizing thermoelectric cooler to be implemented in a car.

L1 Background of Study

The sun is a source of practically unlimited energy, most of which is wasted but
nevertheless provides with millions;kiiowatt of power to be utilized by human being.
Nowadays, solar power has becomeé one of the energy for human life. The use of solar
power is also very clean and enviromﬁental friendly and only requires little maintenance as
it has no rotational part. Photovoltaic panel is the example of the sun energy which

produces electricity directly from the sun.



Thermoelectric coolers are solid state heat pumps used in applications where temperature
stabilization, temperature cycling, or cooling below ambient are required. There are many
products which use thermoelectric coolers, including CCD cameras (charge coupled
device), laser diodes, microprocessors, blood amalyzers and portable picnic coolers.
Thermoelectrics modules are based on the Peltier Effect, discovered in 1834, by which DC

current applied across two dissimilar materials causes a temperature differential.

1.2 Problem Statement

With the rapid growth of Malaysia’s economy, car becomes a necessity rather than a
symbol of luxury. With Malaysia’s climate, car owners have to live with overheated
compartments if they park their car under the sun. The problem with overheating is that it
can damage several equipments in the car. Even if the car is running, the air condition
system in the car uses fuel as the main energy drive. The price hike of fuel is a burden to
the car owner because apart of the air condition system, the engine of the car also depends
on the fuel as the main energy drive. Both of these problems lead to waste of money and

high maintenance of the car itself.

1.3 Objective and Scope of Study

The objectives of this project are:

a) To study and design a cooling system that utilize the Solar Energy
b) To study the implementation of Thermoelectric Module in the Cooling System

¢) To construct a prototype of cooling system in a car



The scopes of study of the project are

a) The solar cell operation and its system

b) Analysis on thermal cooling s&stem on real application
¢) Cooling Load Analysis

d) Thermoelectric Cooler (TEC)

¢) Battery Storage

f) Circuit design and assemblage

g) Prototype design and construction



CHAPTER 2
LITERATURE REVIEW AND THEORY

The cooling system will consists of PV, battery as power and storage, batiery charger to
prevent overcharging , a temperature controller including temperature sensor for
temperature difference measurement, thermoelectric cooler (TEC), and temperature display
fo provide monitoring. The PV panel will collect the solar energy and convert it to
electrical energy — the direct current (DC). The DC current will straight away energize the |
cooling system in the car. Whilst energizing the circuit, the PV will also charge the battery
and stores the excess enérgy in the battery. The electrical enrergy in the battery is used to

energize the controlling unit if the PV power produced is not sufficient.

2.1 Photovoltaic

Photovoltaics (PV) are semiconductor devices that convert sunlight into direct current
(DC) electricity. Groups of PV cells are electrically configured into modules and arrays,
which can be used to charge batteries, operate motors, and to power any number of

electrical loads.

A typica! silicon PV cell is composed of a thin wafer consisting of an ultra-thin layer of
phosphorus-doped (N-type) silicon on top of a thicker layer of boron-doped (P-type)
silicon. An electrical field is created near the top surface of the cell where these two
materials are in contact, calted the P-N junction. When sunlight strikes the surface of a PV

cell, this electrical field provides momentum and direction to light-stimulated electrons,



resulting in a flow of current when the solar cell is connected to an electrical load.( refer to

Figure 1 ).[1]

... Electrical load
o 0

o Sun
e

!

i 0C current flow

¥ Phosphorous-doped (N-type)

Boroh-dopod (Plype} sthicon layer ~0.3 ' m

silfcan layer ~ 250 1 m

Figure 1: Diagram of Photovoltaic Cell [1]

Photovoltaic cells are connected electrically in series or parallel circuits to produce higher
voltages, currents and power levels. Photovoltaic modules consist of PV cell circuits sealed
in an environmentally protective laminate, and are the fundamental building block of PV
systems. Photovoltaic panels include one or more PV modules assembled as a pre-wired,
field-instailable mﬁt. A photovoltaic array is the complete power-generating unit,

consisting of any number of PV modules and panels.

Figure 2: Photovoltaic cells, modules, panels and arrays 1]

PV systems are like any other electrical power generating systems but the equipment used

is different than that used for conventional electromechanical generating systems.



However, the principles of operation and interfacing with other electrical systems remain
the same. Although a PV array produces power when exposed to sunlight, a number of
other components are required to properly conduct, control, convert, distribute, and store

the energy produced by the array.

Depending on the functional and operational requirements of the system, the specific
components required, a DC-AC power inverter, battery bank, system and battery
controller,. auxiliary energy sources and sometimes the specified electrical load
(appliances). In addition, an assortment of balance of system (BOS) hardware, including
wiring, overcurrent, surge protection. and disconnect devices, and other power processing
equipment. Figure 3 show a basic diagram of a photovoltaic system and the relationship of

individual components.

3\.‘1‘%
energy A\ /S energy
inversion & ‘ use
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> Tl disttibution
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storage R utility
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Figure 3: Photovoltaic System Components.[1]

2.2 Solar Radiation in Malaysia

Solar radiation originates from the sun, which can be taken as a sphere of intensely hot
gaseous matter. Solar radiation is the electromagnetic radiation emitted by the sun, where
most of the radiation is in the broadband solar radiation wavelength region of 280 nm to

4000 nm.[2]



In general, the second decade of March 2006 shows that the country recorded normal solar
radiation. Meanwhile, central Pahang and western Sarawak recorded much above normat
of solar radiation. In terms of solar radiation amount as shown in Figure 5, most parts of
the Peninsular Malaysia and Sabah recorded solar radiation amount of 20-24MJm 2,
whereas other parts of the country recorded the amount of 16-18 MIm?. South Perak,
northwest Pahang, and most parts of Selangor, Negeri Sembilan, Malacca and Sarawak had
lower solar radiation between 16.5 and 19 MJm™ per day. On the other hand, most parts of
Kedah, Perlis, Penang, Terengganu and northeast Pahang had higher solar radiation

between 24 and 24.6MJm ™ per day. [3]
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Figure 4: Mean Daily Solar Radiation (MJm™[3]
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2.3 Thermoelectric Module

Schematic of a Thermoelectric Cooler

earanic
substrate _\

J remabsoroed

w (_)‘ i (+i______

et
direct currom:

coramic

btat sink: b

Figure 5: Schematic of Thermoelectric Cooler [4]

Thermoelectric modutes or as known as Peltier modules (from now on will be refer as
Peltier) are solid-state heat pumps that operate on the Peltier effect (The phenomenon
whereby the passage of an electrical current through a junction consisting of two dissimilar
metals result in a cooling effect). A thermoelectric module consists of an array of p- and n-
type semiconductor elements heavily dOped with electrical carriers. The array of elements
is soldered so that it is electrically connected in series and thermally connected in parallel.
This array is then affixed to two ceramic substrates, one on each side of the elements As
¢lectrons flow through one pair of n- and p- type elements (often referred to as a "couple™)
within the thermoelectric module: Electrons can travel freely in the copper conductors but
not so freely in the semiconductor. As the electrons leave the copper and enter the hot-side
of the p-type, they must fill a "hole" in order to move through the p-type. When the
electrons fill a hole, they drop down to a lower energy level and release heat in the process.

Essentially the holes in the p-type are moving from the cold side to the hot side. Then, as



the electrons move from the p-type into the copper conductor on the cold side, the

electrons are bumped back to a higher energy level and absorb heat in the process.

Next, the electrons move freely through the copper until they reach the cold side of the n-
type semiconductor. When the electrons move into the n-type, they must bump up an
energy level in order to move through the semiconducior. Heat is absorbed when this
occurs. Finally, when the electrons leave the hot-side of the n-type, they can move freely in

the copper. They drop down to a lower energy level and release heat in the process.[4]

In summary, heat is always absorbed at the cold side of the n- and p- type elements. The
electrical charge carriers (holes in the p-type; electrons in the n-type) always travel from
the cold side to the hot side, and heat is always released at the hot side of thermoelectric
element. The heat pumping capacity of a module is proportional to the current and is

dependent on the element geometry, number of couples, and material properties.

2.4 Cooling Load

The air inside a car receives heat from number of sources from surrounding. If the
temperature and humidity are to be maintained at a comfortable level, this heat must be
removed. The amount of heat that must be removed is called Cooling Load. The Cooling
Load is defined as the rate at which energy must be removed from a space to maintain the
temperature and humidity at the design values. In this context, the energy means the
Quantity of Heat that need to be removed in the car in order to maintain the temperature

inside the car per designed value.

The amount of heat that must be removed (cooling load) is not always equal to the amount

of heat received at given time. This difference is a result of the heat storage and time lag



effects. Of the total amount of heat entering the car at instant, only a portion of it heats the
car air immediately .The other part heats the car mass — the roof, walls, floors, and
furnishings. This is the heat storage effect. Only at a later time does the stored heat portion

contribute to heating the car air. This is the time lag effect, as shown in figure below. {5]

Radiation : Convection
» Heat stored In

fumishings, structure

Convection

Figure 6: Heat flow diagram showing Heat Gain, Heat Storage and Cooling Load [5]
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2.5 Cooling System: Air to Air system (AA)

FANCRCULATING
NSIBE ENCLOSURE =

——

THERMOELECTRIC —-
MOBULE

HEATSINK QUTSIDE 1: _
EHCLOSURE IR
FANGICILATING _ e
AMBIENTAIR —— :

CONCEPTUAL BRAWING OF A#R-TO-AIR
THERMOELECTRIC COGLING SYSTEN

Figure 7: Conceptual Design of Cooling System

In this project, the cooling system that will be used is AA. Generally the basis of this
cooling system is, air in an enclosure is cooled and the heat is dispersed to the surrounding

air.

Figure 7 is a typical thermoelectric sysiem designed to cool air in an enclosure .Here the
challenge is to 'gather' heat from the inside of the box, pump it to a heat exchanger on the
outside of the box, and release the collected heat into the ambient air. Usually, this is done
by employing two heat sink/fan combinations in conjunction with one or more Peltier

device.

The smaller of the heat sinks is used on the inside of the enclosure; cooled to a temperature
below that of the air in the box, the sink picks up heat as the air circulates between the fins.
In the simplest case, the Peltier device is mounted between this 'cold side' sink and a larger
sink on the 'hot side’ of the system. As direct current passes through the thermoelectric
device, it actively pumps heat from the cold side sink to the one on the hot side. The fan on

the hot side then circulates ambient air between the sink's fins to absorb some of the

11



collected heat. Note that the heat _dissipatéd on the hot side not only includes what is

pumped from the box, but also the heat produced within the Peltier device itself (V x T). [4]

2.6: Heat Transfer

Radiation

Conduction

llllll LLIT 3 Convaciion

Figure 8: Heat transfer from surrounding into the car

Heat load inside the car is of a passive heat load, which is parasitic in nature and may
consist of radiation, convection and conduction. The radiation from the sun heats the air of
the atmosphere .Heat gained by conduction or radiation from the sun is moved about the
planet by convection. Convection is heat transfer by the movement of mass from one place
to another. It can take place only .in liquids and gases. Radiation is the only way heat is
transferred that can move through the_ rglative emptiness of space. All other forms of heat

transfer require motion of molecules like air or water to move heat.

The heat transfer in the car is initialized by Radiation from the sun. Then, the heat is
transferred through conduction from the metal part (chassis) to the interior of the car,

namely insulator at the roof, insulator at the door, seat and dashboard of the car. The heat

12



transferred to the interior is then transferred through convection to the car compartment.

Over certain period, the heat will accumulate and temperature inside the car will rise.

13



CHAPTER 3
METHODOLOGY

This project will be implemented in duration of 2 semesters. The project will be

implemented by stages as listed below:
First semester: Literature review / research / data gathering / calculations

‘Second semester: Design / testing / prototype / installation / analysis

3.1 Literature review and research

Literature review and research wiil be done by seeking information through books, internet

and journals. The stage provides important and useful knowledge for design stage.

3.2 Data Gathering

All the relevant information obtained from research for this project are gathered and

revised.

3.3 Sizing and Calcunlation

The determination of component sizes, number of component used and amount of

parameter of supply and load will be calculated during this stage.

14



3.4 Design

The design sofiware (EWB) will be used to ensure the eﬂiciency and accuracy of the

design.

3.5 Testing, Prototype and Installation

This is the stage where prototype will be developed. The testing is done to ensure the

devices function well. After that, prototype will be developed and instalied.

- Problem Definition -

F

Circuit Desrgn ; :

upggnf 1
| |

: Analysis & Calculatmn ) |

Circuit testand ran

‘Temperature Experiment

Yes > Construction |,
of Prototype

L

‘Analysis and Discussion

Figure 9: Flow Chart of Methodology
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CHAPTER 4
ANALYSIS & RESULTS

/

Solar Panel

N

[ Peltier, Heat Sink
| and Fan

Fan 2

Inside
the
car

Fan will blow the

cold surface: - Qa

dispersed the cold

air inside the car Heat Is

. refactod

.G = heat absorbed
;Qa= heat to be rejectod
‘to ambient
-Qp= heat produce by the
“Peltier Module

Figure 10: Designated Cooling System in a Car
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4.1 Operation of the Cooling System

The above figure shows the placement of the main coiﬁponents of the Co_oliﬁg System. The
Cooling System is equipped with Temperature Controller Circuit, which function is to turn
ON the Cooling System whenever the temperatufe inside the car reaches up to 26°C and
above. The cooling system will turned OFF whenever the temperature insidp the car fali

below 26°C.Thus, the circuit v:villzr_cgulate the temperature inside the car at 26°C.

Battery Charger Circuit has been included in the Cooling System to prevent overcharge to
the Battery from Photovoltaic Pa_nel. Whenevcr, the battery reaches 11v (undej'chatge) the
circuit will disconnect the load from the battery and the load will _diréctly connected to the
Photovoltaic Panel. At the same time, the Photovoltaic Panel wiil charge the bé%ttéry_ until it
reaches 12.5v (overcharge).Aﬂef the battery reaches 12.5v, it will disconn_éct from the

Photovoltaic Panel (stop charging ) and the load will reconnect to the battery.

Observation on the efficiency of the Cooling System is done by providing the Temperature
Dispiay Circuit (thermometer) into the system. The circuit' will monitor, sample _and
~ display the temperature using Seven Segment Display. The increment and decrement of the
temperature (before and after the cooling system is turned ON) inside the car can be

observéd

17



4.2 Solar Radiation

The purpose of this analysis is to ensure the solar radiation in Malaysia is sufficient to be
use as energy .This analysis is very important because the cooling system designed is to be
solar powered. For the analysis, data of Giobél radiation in Ipoh (refer to appendix d) and
datashéet of 80watt PV pahel from SHARP (refer to appen(iix ¢)is u:sed. The ld.ata provided

(globat radiation) is daily hourly global solar radiation, in MJ/m”.

The relationship between energy and solar radiation is given below:
1000w/m*  ~3.6 MV/m® [6]

tw/m? ~ (3.6/1000) MJ/m?

The information to calculate the efficiency of the PV is provided in the datasheet (refer to

appendix ¢)
Efficiency,1] = Pua/ [(1000)w/m2 x (h xw)i
where;

Pmax = Maximum power produced by PV panel (w)

h = height of PV panel } h x w(areaof PV)

w = width of PV panel

] =123/1058.538 = 12.39 %

18



Assume the efficiency is constant,
L] =Pout/ Pin ..
Pt =P x M

The table and figures below show the result of the aﬁalysis. The total solar radiation
produced per day is 22.33 MJ/m® (taken on 4t:h March 2005) which is enough to use as
energy At 1200 hour, the solar radiation producéd is maximum i.e 116.2937w. Thus, the
power produced by the panel is also maximum at 1200 hour. At 700 hour, the solar
radiation produced is minimum ie 36.11111111w and =the power produced is 4.407635w.
During this time, the solat energy is ndf sjufﬁcie'nt .to drive the cooling system. To

overcome the problem, the coolihg sysfem is erovided' with battery storage as backup to

the system.
Table 1: Summary on the result
: SRl
Time | Mim2 | Wm2 Pout T — -
7 0.13 | 36.11111111 | 4.407635
8 073 | 202.7777778 | 24.75056
9 185 | 513.8888880 | 62.72403 : :
10 241 | 669.4444444 | 81.71076 :
11 | 259 | 719.4444444 87_.61354
12 343 | 9527777778 | 116.2937
13 321 | 891.6666667 | 108.8347
14 274 | 761.1111111 | 92.89938
15 23 | 638.86888889 | 77.98123
16 157 | 4361111111 | 6323066 |
17 1.00 | 302.7777778 | 36.95632 E
18 028 | 77.77777778 | 9.493367
TOTAL | 2233

19



4.3 Photovoltaic System

Photovoltaic

Battery

Charger

Figure 11: Photovoltaic System

A photovoltaic system consists of 3 major subsystems — photovoltaic, battery charger and

storage battery.

4.3.1 Photovoltaic
The specifications of PV to be use in the _éystem are as following: -

Table 2 : Specification of PV

Maximum Voltage (v) | Maximum Current (A)

17.3 4.63

The cooling system needs at least 27v for.operation. Thus, photovoltaic system must
include a Boost Converter to increase the voltage supply. Note that the Boost Converter
will not be covered extensively by the author, as it is not in the scope of the study for this
project.

20



4.3.2 Battery Storage

Battery that will be used is Rechgrgeablc Sealed Lead Acid type which suitable for the
storage for Photovoltaic [6].The PV panel usually connected diode to prevent the PV
discharging through battery system. The battery will produce a reverse flow of current to
the solar panel when used as stand alone especially at night. This flow will drain power
from batteries and damage it .Thus, diode is used to stop the reverse current. This

protection is included in the Battery Charger Circuit.

4.3.3 Battery Charger Circuit [7]

i = 9
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5K
AT l el Saxtarc
oy Mg hattery nF
j; I-)-:EESK = asngi(-l - == & Load
"\,‘_4.

™
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2.WT’ gau 2K E -—/l><
£TF T

Figure 12: Schematic of Battery Charger

This circuit is intended for charging lead-acid batteries with a solar panel. The customary
diode that prevents the battery from discharging through the solar panel has been replaced
by a FET-comparator combination. The charger will stop charging once a pre-set voltage
(temperature compensated) has been reached, and recommence charging when the voltage
has dropped off sufficiently. The load is disconnected when the battery voltage drops

below 11V and reconnected when it gets back to 12.5V [7].
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4.4 Cooling Load Calculation

The Cooling Load is defined as the rate at which energy must be removed from a space to,
maintain the temperature and humidity at the design values. In this context, the energy
means the Quantity of Heat that need to be removéd in the car in order to maintain the
temperature inside the car per designed value. The analysis need to be done to the system
so it can be applied to the real #pplication. The.main objectives of this anaiysis are to
calculate the capacity of heat to be removed and power that needed by a car to energize the

cooling system.

-. The method used fo calculate thé heét- load is acquired through the 2001 American Society
of Heating, Reﬁ'igerating, and .'Air-.Ccnditioning Engineers( ASHRAE ) fundamentals
Handbook. Some .assumptions' ﬁere made -during calculation, when seiecting the
coefficient vatues to be used. As there are no épec_iﬁc procedures for calculaﬁng the heat
load in a vehicle, coefficient used are mostly Set for the worse circumstance. The author

will use the specifications of 850EX PERODUA Kancil as case study.
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3 Ihteriof__w_idth' "

2.791%

Q =Ux A x CLTID. [6]
Where;
Q = Cooling Load for roof, BTU/hr
U = overall heat transfer coefficient, B'IU/lif-ﬁzuF
A = area of roof, f

CLTD.~ corrected cooling load temperature difference, F

Q=0213x1191x 84921538 btu/hr = 63.11w
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0.951

Door

2.071

Front Door

=0Ux A x CLTD,
= 0213x6376x85.5x2

= 234.24 btu/hr = 68.04w

Back Door

=Ux A x CLTD

- 0213x54x855x2

= 196.68 btu/hr = 57.63w
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Window (glass)

2.13% A
1286t /
S Og
© Front
Door
< 208 11
ey
\ 1.64ft o
~ \\ !]
2131t
- 0A43ft
2621t 2438
Q= SHGFxAxCLF][6]
Where;

Q = Solar radiation cooling load for glass
SHGF = maximum solar heat gain factor, Btw/hr-ft?
A = area, ft*

CLF = Cooling Load Factor for Glass

The maximum solar heat gain factor (SHGF) is the maximum solar heat gain through

single clear glass taken in June, facing west at 1400 solar time. [6]

Q1= 210 x 5.2 x 0.53 = 578.76 btu/hr = 169.58w

Q2=210 x 8.92 x 0.53 = 992.79btw/hr = 290.89w x 2 = 581.78w

Q3=210 x 3.35 x 0.53 = 372.86btu/hr = 109.25w x 2 = 218.5w
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Q4=210x3.44x0.53 =765.74 btu/hr = 224.36w x 2 = 448.73w

Total Cooling Load = 63.11w + 68.04w + 57.63w + 169.58w + 581.78w  +
218.5w + 448.73w '

= 1607.37w

The Cooling System will start to cool down the car when the temperature inside the car
reaches 26°c. From a study, the maximum temperature recorded in the car while parked in

sunlight is 48°C.

AT*(48-26) = 2%

A T= 1 - heatload x maximum temperature difference
P max
22=1 - 1607.37 Ppux x 68°C

Thus, Maximum Cooling Power, Pnax = 2376.1122watt
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4.5 Peltier

Figure 14: Peltier Modules
Specification -
Voltage(max) : 154v ~ Current(max) :4.5A  Power(max) :40w

Several tests have been conducted to ensure the Peltier Modules will operate efficiently.
The first test was done to observe and .re'cognize the side that will produced heat, while the

other side will be cold.

The second test was conducted to determine. the minimum and maximum voltage the
~ Peltier Modules can withstand. It is found out that the Peltier starts to react at 1.0v .As the
voltage increases, the hot side will get hotter and the cold side gets cooler. However, at
6.0v both sides start to get warm. As a result, the amount of voltage that it can receive to
operate successfully was 5.5v. Nevertheless, the voltage supply can be increased by using
heat sink and fan .The table below shows the Voltage and Current Consumption when the
Peltier moduies is embedded with fan and heat sink. It is found out that; the Peltier device

can withstand a maximum of 15.0v voltage when fan and heat sink are used.

4.4.1 Test Result

Min voltage - 1.0 v (start to function)
Max voltage - 6.0 v (both side getting hot)
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Table 3 : The Voltage and Current Consumption when Heat Sink and Fan are used

Voltage (v} Current(A)
1.0 0.120
2.0 0.240
3.0 0.410
4.0 0.600
5.0 0.730
6.0 0.820
7.0 1.180
8.0 1.350
9.0 1.500
10.0 1.670
11.0 1.800
12.0 2.050
13.0 2.270
14.0 2.380
15.0 2.570
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4.6 Temperature Confroller .Circuit
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Figure 15 Temperature Controller Schematic

In the circuit, Thermistor is _used as the Temperature sensor. Thermistor is a semiconductor
device that has a negative coefficient of resistance with temperature - ie., as the
temperature raises the resistance gets less. The value of Rseipoint is found out through
expetiment as follows: The circuit is constructed, and calibrated (set Thermistor

temperature at 25°C). At this point, the value of the Rypoiat is 10k2 [6].
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Heat is applied at the Thermistor and the value of Rseipoin s continuously changed until
the value of Ryepoint - Which will trigger the comparator output to produced high output at
26 °C is found. Through the analysis, it is found out that the Reetpoint 15 equal to 8.2k to

trigger the output (high) at 26 °C.

4.7 Temperature Display Circuit

Centigrade Calibrated Thermocouple Thermometer

10k 84k
1% 1% 4Tk
e A AN AAA B AA A 15
b b ey wy
) L1
™ Ll LMA35 % &

0k

s =

Figure 16: Temperatljre Sensor Schematic

30



KR
aurr

5 o

IR SR

o A
£ ]

&

E]
Q
Eth s
H mn%
2

ot

us -
[
+
q.

seuen_segnent

Figure 17: Temperature Display Schematic
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The above circuit is used fo monitor the temperétﬁi‘e inside the car. The circuit design
includes precision centigrade temperature- sensor and a digital to analog converter to
display the temperature v;zith seven segment displayers. Thermistor and LM335 have been
used for temperature sensing. The ICL71.07 analog to digital converter which directly

drives Seven Segment Display is also used.

The temperature sensing circuit gives 10mv output voltage per centigrade. This bécomes
the input voltage to the converter .The operation of the temperature display circuit is
described_ in two stages. During the first stage where for a given beriod the input voltage,
and the:output of the integrator at the end of this period, there is a voltage which is directly
proportibnal to the input voltage. At the end of the preset period the iﬁtegrator is fed with
an internal reference voltage and the output of the circuit is gradually reduced until it
reaches the level of the zero reference voltage. This second phase is known as the negative
slope period and its duration depends on the output of the integrator in the first period. As
the duration of the first operation is fixed and the length of the second phase is variable it is
possible to compare the two and this way the input voltage is in fact compared to the

internal reference voltage and the result is coded and is send to the display.[7]

4.8 Construction of Prototype

The construction of the proto_type_will focus mainly on the temperature controller circuit
and the temperature display circuit. The author did not concentrate on the power supply
part because of the cost constrain to purchase the PV. Also, the author cannot demonstrate
the function of the battery charger since the PV is not available. Thus, for the protbtypé the

supply of the cooling system will be provided by the DC power supply.
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4.8 I Peltier module

Figure 18: The case for Peltier Module

Figure 19: 3 Peltier Module are sandwiched between heat sink and fan
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Figure 21: The Peltier module is placed under the passenger seat (back of the car)
4.8.2 Fan '

Figure 22: The blowing fan and sucking fan are placed in front part of the car
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4.8.3 Model

Figure 23: Prototype (car) which cooling system is modeled
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CHAPTER 5
DISCUSSION

From the Cooling Load Analysis. It can be concluded that to regulate the temperature in
side the car at 26 °C, the maximum cooling load ne:ded'is approximately 2. 4kw, Car is é
fixed size, the same volume of air enfers the room musf also exit the room. Theoretically
Qi= .Qa (refer to Figure 10). But, the value of Qp must be taken into consideration when
sizing the cutside fan and heat smk becauSe not only they have to reject the heat inside the

car, but also the heat produced by the Peltier device itself. Thus, Qa becomes Qi + Qp.

Based on the value of power obtain in the Cooling Load Analysis. The specifications
needed for.Pe'ltier Module is determined. The author decided that the temperature inside
~ the car to be maintained is 26°C.The value of the temperature and coefficient for this
analysis are chosen based on the value to design Air Conditioning System in-Malaysia
provided by the American Society of Heating, Refrigerating and Air Conditioning
Ehginéers (ASHRAE).The Peltier module specifications .is Max delta = 68°C and Max
power = 40watt. The author had done a thorough research on cost and performance of
Peltier module provided by the various vendors. It is decided to purchase the Peltier
Module of specifications Max delta temperature = 68 °C and Max power = 40watt
provided by Pacific Supercool Ltd. Hence, the cooling system will need at least 60 Peltier

modules to regulate the temperature inside the car at 26°C.
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This is definitely not the cost effective deéign. Thus, to overcome this problem the author
added an additional fan at the frbnt part of the car (refer to figure 22).2 fans are added
which are blowing fan and sucking fan. Blowing fan is used to-blow the air into the car
and thé other.'fan will suck the hot air out. This operation is used as ventilation and
provided additional cooling in the car. The fans will activate simultaneously as Peltier

modutes .By providing the additional fans, the cooling load in the car is reduced.

When the temperature inside the car reaches 26°C.The 4 fans and Peltier embedded in the
Cooling system. é.re supposed to turn ON. But, onlj(' Peltier and 3 fan able to turn ON. One
fan cannot be turned ON, this .scenério-happened because of Peltiér dréWs a high current
which result in large voltage drop. From the analysis, the 12v supply used to turn ON the
Peltier module and 4 fans drbppcd to 8.0v and the current draws by the Peltier is 1.94 A.
The voltage is insufficient to turn ON all the fans. To overcome the problem, the author
uses 3 Peltier instead of 1. The 3 Peltier is connected serially. By using this connection, the
large voltage drop is reduced. The 12v supply drépped to 5.6v and the serially connected

Peltier draws 0.80A.The voltage is now sufficient to turn ON all the fan and Peltier.
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CHAPTER 6
CONCLUSION AND RECOMMENDATION

As for conclusions, the project is successfully done within the timeframe. The cooling

system has been designed and a working prototype is also constructed.

Overall, based .. upon studies, experiments and model constructed, this project successfully
shows that thennoele_ctric i:echnology provides various cooling._dpi;r()ach,: but i_imited for
small scale application. It is not favorable for large scale due to high currént drainage and
high power consumption with lilﬂited- solar power, where power usage is considered

expensive.

It is recommended that the project is enhanced by providing a tracking method for the PV
so that the usage of the PV can be optimized. Also, advance research is recommended to be
done to overcome the high current drainage of the Peltier module so that the application of

the module can be enhanced and widen.
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Gantt chart for Final Year Project I, Semester July 2005
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APPENDIX B
1.TABLE OF PEAK SOLAR HEAT GA]N THROUGH ORDINARY
GLASS
2. TABLE OF SHADING COEFFICIENTS FOR GLASS
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Table 5: Peak Solar Heat Gain through Ordinary Glass

TABLE6.7 SHADING COEFFICIENTS FOR GLASS WITHOUT OR WITH INTERIOR SHADING DEVICES

With interior Shading
: Venetian Blinds - Aolter Shades
Nominat - i : ' Opaque - Transiucent
. _ Thickness, in Without : —— ' ‘ :
Type of Glazing © (Each light) Shading  Medium  Light Dark Light Light
Single glass _ : _
Clear % 084 0.74 067 . 0481 0.3y 044
Heal absocbing . ba 069 857 ns3 (145 030 0.36
‘Daoyble glass
" Clear % - 081 0.62 a5y 0T (.33 0.40
Heat absrbing i 05 039 036 N4 0 0.30

Nkm;:_ Venetian blinds a6 woumed wt & 3 457 position, Adapled with pesmission foey the 90 ASHRAE Hurdhook-- Furdameniuls.,

Table 6: Shading Coefficients for Glass



APPENDIX C
DATASHEET OF SOLAR PANEL
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APPENDIX D
- HOURLY GLOBAL RADIATION DATA
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Station ; IPOH

Records of Hourly Global Radiation

lLat :4°34'N Long :101°06'E Simulated Data for Aug 2005
Ht. Above M.SL. @ 401m  Unit: MJm?
Ty T o .;._.,__'_.'f.i_ﬁg‘iri'HdLjrg':"._.. T | Dally Total
e RS A - T - S e O P I R - L i B o R - T o 4 18 . 19 | MJm?
0.00 | 021 0.87 163 | 233 [ 290 | 300 | 318 | 280 | 215 .| 1.03 059 | 018 0.00 2087
000 | 018 0.57 1.52 202 | 214 ] 2904 | 247 | 226 | 228 | 243 | 079 .| 007 0.00 19.28
0.00 | 003 0.48 1.00 108 ! ogz | 1.31 1.53 1.36 162 | 092 0.51 0.10 0.00
000-]. 013-] 073 185 | 241 | 259 | 343 | 321 | 274.} 230 | 157 109 | 028 0.00
000 | 013 0.81. 158 091 | 183 ] 190 | 220 | 212 143 | 079 | 047 | 027 0.00
" 000 [-045 | 064 [ 134 | 138 | 185 | 193 175 | 214 ] 179 1.11 064 | 018 0.00
000 | 013 043 |- 073 1 135 ] 169 | 230 183-| 207 |-1.71 | 129 ] 056 | 0.18 0.00
| oo0 | 013 0.62 1.02 135 | 2.08 | 2.0 247 | 2.01 180 | 126 | 105 | 0418 0.00
000 [046 | o060 | 103 | 199 | 219 | 300 | 254-] 1.18 109 | 018 0.2 [ 0.11 0.00
000 | 008 0.569 132 | 248 | 274 | 310 | 308 | 291 116 | 021 { 003 | co03 0.00
0.00 | 0.7 0.71 106 | 193 | 277 | 304 | 319 | 292 115 | 096°1 036 | 06.03 0.00
000 | 015 | o062 1.30 228 L 279 | 310 | 285 | o085 | 054 | 008 { 003 | 000 0.00
000 | 032 146 | 174" 24t | 281 115 | 177 [ 030 | 10005 1043 | 011 0.00
0.00 .| 0.8 [ -0.90 1.55 235 | 2903 | 338 | 254 | 091 224 | 077 0.03 | 0.00 0.90
0.00 | 007 0.60 1.08 158 | 299 | 229 | 255 | 095 | 020 | 030 018 | ‘002 0.00
000 | 042 0.50 1.19 237 | 311 | 360 | 239 [-110 | 050 [ 043 | 0156 | 0.14 0.00
0.00 | 0.33 0.97 0.77 217 | 314 | 204.1 243 138 | 2.31 1.03 028 | 0.05 0.00
000 | 0.18 071 | 120 247 | 222 | 254 2.88 | 260 1.86 1.42 058 | 0.18 0.00
000 | 03ac | o097 1.64 250 | 304 | 249 247 | 220 | 208 | 114 | 081 0.21 0.00
000 | 018 0.67 1.11 2.04 | 232 | 256 350 | 275 | 256 1.84 109 | 027 0.00
Q.00 | 008 0.44 1.21 227 | 270 | 334 | 325 | 2980 | 257 | 048 | 058 | 0.3 0.00
0.00 | 017 0.94 1.67 245 | 204 | 326 329 | 3.11 08 | 007 | 005 | 0.1 0.00
000 | 0.05 0.51 0.60 042 {038 | 101 { 088 | 034 | 026 | 0.21 [ 0.1 0.03 0.00
g.00 | 027 1.08 1,88 267 | 282 | 3.15 343 | 200 | 053 | 046 | 036 | 0.20 0.00
0.00 | 0.14 0.77 1.71 235 | 304 | 291 293 | 228 1984 | 080 | 053 | 011 0.00
000 | 015 | 067 | 081 | 238.] 262 | 285 325.1 274 157 | 041.] 035 | 009 0.00
000 | 0.14 0.57 164 | 243 | 281 | 276 3.29 | 021 022 |" 025 |.010 | 004 | . 000
0.00 { 019 | 088 1.79 255 | 309 | 278 | 227 | 218 180.] 073 | 049 | 013 0.00
- 000 | -016 0.69 158 | -216.| 153 | 268 [ 114.] 036 | 067 | 081 048 | 015 0.00
000 | 013 ] 068 1.64 249 | 176 | 1.77 2281 075 | 038 | 055 | 038 | 0.10 0.00
3t | o000 | 017 | 062 087 | 189 | 278 | 337 .| 257 | 241 | 137 | 020 | 053 { 03z | 000
~ Monthly Total - | 0.00 | 480 | 2222 -|-41.16 | 6267 | 75.12 | 81,18 | 78.52 | - 56.62 |- 42807 2344 | 1326 | 416 | 0.00°
I ™enthlyMean . | 000 | . 016 | 072 | .1.33 | 203 | 242.] 262 1 253 | 183 | 138°| 076 | 043 | 013 000
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APPENDIX E
DATASHEET:-
1.LM358
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3.LM335
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Jntersil

.'Da__eta Sheet. -

1/, Digit, LCD/LED Display, A/D
-onverters

he Intersil ICL7106 and ICL7 107 are high performance, low

ower, 3/, digit A/D converters. Included are seven
egment decoders, display drivers, a reference, and a clock.
he ICL7106 is designed to interface with a liquid crystal
lisplay (LCDYand inciudes a multiplexed backplane drive;
e ICL7107 will directly drive an instrument size light
rmitting diode {LED) dlspiay

he ICL7106 and ICL7 107 bring together a combination of
igh accuracy, versatility, and true economy. I features auto-
ero to less than 10uY, zero drift of less than 1:V/°C, input
ias current of 10pA (Max), and rollover error of less than -
ne count. {rue differential inputs and reference are useful in

{I systems, but give the designer an uncommon advantage -

then measuring load cells, strain gauges and other bridge
fpe transducers. Finally, the true economy of single power -
upply operation {ICL7106), enables a high performance
anel meterio be built with the addition of only 10 passwe
omporients and a display.

ICL7106, ICL7107, ICL7107S

December 1, 2005 FN3082.8 B

Features

Guaranteed Zero Reading fqr OV Input on All Scales
True Polarity at Zero for Pracise Nutl Detection” -
1pA Typical input Current

True Differential Input and Reference, Direct Display Drive.
- LCD ICL7108, LED ICL7107

Low Noise - _Les's Than 15uVp.p
On Chip Clock and Reference

-Low Power Dissipation - Typically Less Than 10mW

No Additional Activé Gircuits Required
Enhanced Dlsplay Stability

Pb- Free Plus Anneal Available (RoHS Compilant)

Jrdering Information
' _ TEMP. RANGE.

PART NO. PART MARKING ) PACKAGE PKG, DWG, #
CLT106CPL ICL7106CPL ‘01070 40 Ld PDIP E40.6
CL7106CPLZ (Note 2) ICL7106CPLZ 01070 40 Ld PDIP(Pb-free) (Note 3) E40.6
CL7T106CM44 ICL7106CM44 01070 44 L.d MQFP “Qaa.10x10
CL7106CM44Z {Note 2) ICL7106CM44Z 0to 70 441d MQFP (Pb-free) Q44.10x10
CL7106CM44ZT (Note 2) ICL7106CM44Z Oto 70 44 Ld MQFP Tape and Ree! (Pb-free) |Q44.10x10
CL7107(:F'|_E ICL7107CPL " 0to70 40 Ld PDIP _ E40.6-
CL71G7CPLZ (Note 2) ICL7107CPLZ 0te 70 40 Ld PDIP(Pb-free) (Note 3) E40.6
CLT107RCPL ICL7107RCPL 01070 40Ld PDIP (Note 1) E40.6
CLY107RCPLZ (Note 2) ICL7107RCPLZ 01070 40 Ld PDIP (Pb-free) (Notes 1,3) © [E40.6
CE?107SC§L ICLT107SCPL 0to 70 40'Ld PDIP (Notes 1, 3) : E40.6 '
CLT10TSCPLEZ (Note 2) ICL7107SCPLZ Oto 70 40 Ld PDIP (Pb-free) (Notes 1 3)- © |E40.6. .
CL7107CM44 ch?jo"rcMM 0t 70 441.d MQFP _ Q44.10x10
CL7T107CM44T ICL7107CM44 . 0to70 44 Ld MQFP Tape and Reel _1Q44.10x10 .
CL7107CMAAZ (Note 2) ICL7107CM442Z 04070 44 Ld MQFP (Pb-free) 044.10x10
CLT107CMA44ZT (Note 2) ICL7107CM44Z 0to 70 44Ld MQFP Tape and Reel (Pb-ree) |Q44.10x10

IOTES:

1. "R" indicates device with reversed leads for mounting to PC board underside. "S” indicates enhanced stability.

2. Intersil Pb-free plus anneal produbts émploy speciat Pb-free material sets; molding compounds.’die aﬂéch materials and 100% matte tin plate
 termination finish, which are RoHS compliant and compatible with both SnPb and Pb-free soldering operations. Intersil Pb-free products are
MSL classified at Pb-free peak reflow temperatures that meet or exceed the Pb-free requirements of IPC/AJEDEC J STD-020.

3. Pb-free PDIPs can be used for through hole wave soider process:iri'g only. They are not intended for use in Reflow solder processing applications.

1 CAUTION; These devices are sensitive 10 electrostatic discharge; follow proper IC Handling Procedures.
. 4-BB3-INTERSIL or 1-B8B-468-3774 { Intersil {and design) is a registered trademark of Intersii Americas Inc.

o Copyright Intersil Americas Inc. 2002, 2004, 2005. All Rights Reserved

. Ali other trademarks mentioned are the property of their respective owners.
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Jinouts
ICL7106, ICL7167 (PDIP) ICL7107R (PDIP}
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\bsolute Maximurm Ratings

upply Voltage -
ICL7A06, V+to V- . oo e 15V
ICL7107, V+1o BND ... . e 6V
ICL7A07, V-0 GND . ..o e -8V
malog Input Voltage (Either input) (Note 1) ... ......... V+to V-
leference Input Voltage (Elther lnput) .............. LoV to V-
Jlock Input ’ ’
oty o S TEST to V+.

ICLTI07 ...... ... e GND fo V+

Jperating Conditions
emperature Range . .. ...........ooon 0°C ta 70°C

~ Thermal Information

Thermal Resistance (Typical, Note 2) 0y PCW)
PDIP Package . .o ... ooeeernn. .. N - 50
MQFPPackage . ..................... ... 75.

Maximtm Junction Temperature ....................... 150°C

Maximum Storage Temperature Range. . ... ... .. -65°C to 150°C

Maximum Lead Tempsrature {Soldering 10s) ............. 300°C

(MQFP - Lead Tips Only)

NOTE: Pb-free PDlF’s.can be used for through hole wave solder

“processing only. They are not intended for use in Reflow solder

processing applications.

'AUTION: Stresses abowe those listad in “Absolufe Maximum Ranngs may cause permanent damage o the device, This is a siress only rating and operah'on of the
svice at these.or any other conditions above these indicated in the operational $ecfions of this specification is not impiiad.

I0TES:

olmD;
0.0

1. {nput voltages may exceed the. supply voltages prowded the input current is limited to t;_FOOpA \
2. 8y is measured with the component mounted on a low effective thermal conduc:twrtyjesi board in free air. See Tech Brief TB379 for details.

llectrical Specifications (Note 3) _
PARAMETER TEST CONDITIONS | N | oTve | omax | unm
S5YSTEM PERFORMANCE _
Zero input Reaiding ViN =b.0V5 Full Scale = 200mV -000.0 | £000.0- +_000._0 Digital
o . : . '| Reading
Stakility (Last Digit) (ICL7106S, ICLT107S Fixed Input Voltage (Note 6) 40000 | +000.0 | +000.0°  Digital
Only) : : . : : _ Reading
Ratiornefric Reading VIN = VReF, VREF = 100mV 999 | 99910 | 1000 | Digital
S 00 : Reading
Rollover Error VN = +V|N 200mv - - 0.2 | 1 Counts
Difference in Reading for Equal Posttwe and Negative '
Inputs Near Full Scale
_inearity Full Scale = 200mVY or Full Scale = 2V Maximum - +0.2 +1 Counts
Deviation from Best Straight Line Fit (Note 5)
Sommon Mode Rejection Ratio Vem = 1V, Vi = 0V, Full Scale = 200mv (Note 5) - 50 - pVIv
\pise V|n = OV, Full Scafe = 200mV - 15 - w
{Peak-To-Peak Valye Not Exceeded 95% of Time)
-eakage Current Input ViN = ¢ _(Note 5 ' - 1 10 pA
Zero Reading Drift Vin =0, 0°C To 70°C {Note 5) - 0.2 i uvioG
3cale Factor Temperature Coefficient Vi = 199mV, 0°C To 70°C, . - 1 5. ppm/°C
(Ext. Ref. OpmeXOC) {Note 5) ) C
Znd Power Supply Character V+ Supply V= 0 (Does Not include LED Currentfnr fCLT107} - 1.0 18 ‘mA
Surrent
Znd Power Supply Characier V- Supply Gurrent | {CL7 107 Only - 0.6 1.8 mA
SOMMON Pin Analog Common Voltage 25kQ Between Common and 24 30 3.2 \Y
_ Pasitive Supply (With Respect to + Supply)
remperature Coefficient of Analog Common 25k} Between Common and - 80 - ppm/°C
: Positive Supply (With Respect 1o + Supply) :
JISPLAY DRIVER [CL7106 ONLY
2eak-To-Peak Segment Drive Voltage V+ = ta V- = 9V (Note 4) 4 ‘55 6 A
“eak-To-Peak Backplane Drive Volitage
M = FN3582.8
3 irstersil
-t '
R~ == S
1




ICL7106, ICL7107, ICL7107S

Zlectrical Specifications . (Note 3) (Continued)

\_ m:. \'Max | UNIT.

_ PARAMETER \ _TEST CONDITIONS ‘ MIN
DISPLAY DRIVER (CL7107 ONLY '
Segment Sinking Current V+ = BV, Segment Voltage = 3V : )
Except Pins AB4 and POL | 5 B8 - i
. PinAB4ONy - ¢ 10 16 T A
" PinPOL oy . 4 | ~7 ] mA

IOTES:

3. Unless otherwise noted, specifications applyta hoth the ICL7106 and ICL7107 at TA 259G, foLook = 48kHz. ICL7106 is tested in the circuit
of Figure 1. ICLYA07 is tested in the circuit of Figure 2.

4. Back plane drive is in phase with segment drive for "off’ segment, 180 degrees out of phase for *on” segment Frequency is 20 tirmes comversion
rate. Average DC component is less than 50mV.

5. Not tested, guaranteed by design.

G PE

6. Sample Tested.

lypical Applications and Test Circuits

+ - sv

A
._.\\ 15

e

€ =0.1pF

€y =04TpF
C3=022uF
C4=100pF
Gy =0.02uF
Ry =24k -
Rz = 47kQ

R5 = 100k
Ra =1k

Rs = TMO

bt
%

FIGURE 1. ICL7106 TEST CIRCUIT AND TYPICAL APPLICATION WITH LCD DISPLAY CCOMPONENTS SELECTED FOR 200mV FULL

SCALE . AU
¥.¢ L:) : @_d-ﬁ :
- +-quD w3 s ¥ |4q o E
' 1% e R : - 3
R ¢, i I_ % A% 1 pispiar _ ‘ F)
I - I Cq=0. . =
ElRIEIRESEEEREERE 5 @‘EE%&{O-D_“HW@
N oEISL BIIOoYdLESED 2B GoFoamiE )
B8ty ao8=2°3 Gomrpo o)t
Ry=24 Do
ICL7107 g R :
;aa'fa'mamsgsfgfnﬁff«fff gg:g%bt)
HE I EIEIEEIREEEEIEEIER
s
- A %shof’f&”

- FIGURE 2. ICL7407 TEST CIRCUIT AND TYPICAL APPLICATION WITH LED DISPLAY COMPONENTS SELECTED FOR 200mV FULL

SCALE

_ W‘/\{'% ﬁ’a

"~
;
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ICL7106, ICL7107, ICL7107S

Jesign Information Summary Sheet

OSCILLATOR FREQUENCY

fogp = 045RC
Cose > 50pF; Rose > 50kG
fosc (Typ) = 48kHz

OSCILLATOR PERIOD

tosg = RC/045 .
INTEGRATION CLOCK FREQUENCY
fcLock = fosc4
- INTEGRATION PERIOD

tint = 1000 x (4ffgsc)

60/50Hz REJECTION CRITERION
UNTBOHzZ OF tNT/tB0Hz = Integer
OPTIMUM INTEGRATION CURRENT
liNT = 4uA
FULL SCALE ANALOG INPUT VOLTAGE
ViNEs (Typ) = 200mV or 2V :

INTEGRATE RESISTOR

V|
INFS
Rint = 5

INTEGRATE CAPACITOR
i)

C =
INT
ViNT

INTEGRATOR OUTPUT VOLTAGE SWlNG
_ G Oinp)

INT = CINT

Viyt MAXIMUM SWING:

(V- + 0.5V) < VT < (V+ - 0.5V), Vit (Typ) =

2V

DISPLAY COUNT

Vin
COUNT = 1000 » -
REF

CONVERSION CYCLE

teye = teLock x 4000
fove = toge x 16,000
when foge = 48kHz; ioyc = 333ms

COMMON MODE INPUT VOLTAGE
(V-+ 1V) < Vi < (V+ 0.5V}
AUTO-ZERO CAPACITOR

0.01uF < Caz < 1uF

REFERENCE CAPACITOR

0.1uF < Crgr < TuF

Vcom

Biased hetween Vi and V-,

Veom s Ve - 2.8V o _

Regulation lost when V+ to V- < 26.8V

i Voo is externally pulled down to (V+-to V-}!Z
the Voop circuit will turn off.

ICL7106 POWER SUPPLY: SINGLE 9V
VEIVe=OV

Digital supply is generated internally

'VGND =V+-45Y

ICL7106 DISPLAY LCD
Type Direct drwe with digital logic supply amphtude

ICL7107 POWER SUPPLY: DUAL £5.0v

V+ = +5V to GND
V- = -5V to GND
Digital Logic and LED driver supply V+ 1o GND

ICL7107 DISPLAY: LED
Type: Non-Multiptexed Common Anode

lypical Integrator Amplifier Output Waveform (INT Pin)

|
I
AUTO ZERO PHASE !
{COUNTS}
2959 . 1000 |

]

1

II______.__-

SIGNAL INTEGRATE

PHASE FIXED
1000 COUNTS

B

I
|
. I
DE-NTEGRATE PHASE . 1

0 - 19589 COUNTS - |

. I

I

1

1

TOTAL CONVERSION TIME = 4800 x toLock = 16,000 X tosc

5 | interkii

FN3082.8



ICL7106, ICL7107, ICL7107S

Jetailed Descnptron

lna.log Section

‘igure.3 shows the Analog Sectlon for the ICL7108 and
CL7107. Each'measurement cycle js divided into threa
hases. They are (1) auto-zero (A-Z), (2) signal integrate
INT) and {3) de-integrate (DE).

iuto-Zem Phase

Juring auto-zero three things happen. First, input high and low -

tre disconnected from the pins and internally shorted to analog
JOMMON. Second, the reference capacitor is charged to the
sfarence voltage. Third, a feedback loop is closed around the
ystem to charge the aulo-zero capacitor Cpz 1o compensate
or offset voltages in the buffer ampilifier, integrator, and "~

omparator. Since the comparator is included in the Ioop, the A-

 accuracy is limited only by the noise of the system. In any
ase, the offset referred fo the input is less than 10pV.

ugnai integrate Phase

Juring S|gnal integrale, the auto-zero loop is opened Lhe _
wernal short is removed and the internal input high and low
re connected to the-external pins. The converter then :
egrates the differential voltage between IN Hf and IN LO for a
xed ime. This differential voltage can be within a wide -
ommon mode range: up to 1V from sither supply. If, on the
ither hand, the input signal has no return with respect tothe .
onverter power supply, IN LO can be tied to analog COMMON
> establish the correct common mode voltage. At the end of -
1is phase, the polarity of the integrated signal is determined, :

)e-lntegrate Phase .

‘he final phase is de-integrate, or reference integrate. Input
w is internally connected to analog COMMON and input
igh is connecied across the previously charged reference
apac'itor.. Circuitry within the chip ensures t_hai the capacitor
iili be connectad with the correct polarity to cause the

1tegratar autput to return to zero. The tirrie required for the
. . . lI

output to return to zero is proportional to the inbut sign.al. :
Specifically the digital reading displayed is: .

_ v
DISPLAY COUNT = 1000[\[&].
REF/ -

Differential Input

The input can accept differential voltages anywhere within the
common mode range of the input amplifier, or specifically from
0.5V below the positive supply to 1V above the negative

supply. In this range, the system has a CMRR of B6dB typical.

‘However, care must be exercised io assure the integrator

oulput does not saturate, A worst case condition would be a
large positive comman mode voltage with a near full scale

negative drfferentral input voltage. The negative input signal

drives the integrator positive when most of its swing has been
used up by the positive common mode voltage. For these
critical applications the integrator output swing can be
reduced fo less than the recommended 2V full scale swing
with little loss of accuracy. The integrator output can swing lo
within 0.3V of e1ther supply without loss of linearity.

.Drﬁerentra! Reference
The reference voltage can be generated anywhere within the

power supply voltage of the converter. The main source of
common mode error is a rofl-over voltage caused by the
reference capacitor losing or gaining charge to stray capacity
on its nodes. If there is a Ierge commaon mode voltage, the
reference capacilor can gain charge {increase voltage) when
called up o de-integrate a positive signal but lose charge
(decrease voltage) when called up to de-integrate a negative
input signial. This difference in reference for positive or negative
input voltage will give a roll-over error. However, by selecting the
reference capacitor such that it is large enough in comparisor
to the stray capacitancs, this error can be held to less than 0.5
count worst case. {See Compenent Value Selection.)

stray £ L srray J 1
c .
%‘ REF ‘-I_..—' = Caz Cint
Crepty REFHI REF LO, Y Srer- ] AZ INT
P oo o ") O W g - - A o w e e - - —— -
PR s |38 s 1=
v o ST R INTEGRATOR
i ] i} AL A-Z . . N .. TD
' LTI : -+ DIGITAL
\ o : T SECTION
. 131 NS :
WH o @ i :
' INT INPUT AZ
. A HIGH _
; Al@ : < . .
! : 2z COMPARATOR
] j < . .
N
i
132
COMMON o
'39 INT INPUT
i LOW
INLO ® ® _
L e e i T T R B Qe M e e e o o e e M M e e e e =

V-

FIGURE 3. ANALOG SECTION OF ICL7106 AND ICL7107

6 | yiersil
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| ICL7106, ICL7107, ICL7107S

ilog COMMON

+ pin’is included primarily to set the common mode
ige for battery operation: (ICL7108) or for any system

re the ihput signals are floating with respect to the power
Jly. The COMMON pin sets a voltage that is

‘oximatety 2.8V more negative than the positive supply.

is selected to give a minimum end-of-life battery voltage
sout 8V, However, analog COMMON has some of the
autes of a reference voltage. Whien the total supply -
1ge is large enough to cause the zenerto regulate (>7V),
COMMON voltage will have a low voltage coefficient
11%/V), low output impedance (=156}, and a

>erature coefficient typically less than 80ppm/x©C.

limitations of the on chip reference should also be
gnized, however. With the ICL7107, the internal heating
h results frorn the LED drivers can cause some

adation in performance. Due fo their higher thermad
tahce, plastic parts are poorer in this respect than

mic. The combination of reference Temperature

fficient (TC), internal chip dlsmpanon and package
1al resistance can‘increase noise near full scale from
/10 80uVp p. Also the Imeanty ingoing from a high
patlon count stich as 1000 (20 segments on) to a low

pation count such ¢ as 1111 (8 segmenis on) can suffer by -

unt of more; Dewces_wnh aposﬁqve TC reference may

ire several counts to pull out of an over-range condition. -
is because over-range is a low dissipation mode, with the . .

: least significant digits blanked; Similarly, units with a

tive TC may cycle. ‘between over:fange and a non-over-

e count as the die alternately heats and cools. All these

ICL7108, w_itH its riegiigible dissipation, suffers from

s of these problems. In eithercasie, an external reference :

zasily be-added as shown in FiQUre 4,

og COMMON is also used as the input low return during '
-2ero and de -integrate. If IN LOi IS different from analog.

IMON, :a ‘common mode voltage exists in the system

is taken care of, by the excellent CMRR of the converter. :

ever in: some apphcahone IN.LO will be set at a fixed
en vottage (power supply commen for instance). In this
cation, analog COMMON should be tied to the same

thus remaving the common mode voltage from the
erter, The same holds true for the reference voltage. IT
ence can be convemently tied to analog COMMON, it
Id be since this removes ‘the common mode voltage
the reference: system '

inthe IC, analog COMMON is tied to an N-Channe! FET
zan sink apprommateiy 30mA of current to hold the

ge 2. 8v befow the. positive supply (when a load is trying

ill the common Ime positive). However, there is only
y of source, current; so COMMON may easily be liedto a
: negative voltage thus overriding the internal reference.

lems are of course eliminated |f an external reference is |

Vi
v
REF HI +
REF LO [—» b 6.8V
ZENER
ICL7106 l‘z
IGLT107
V-
FIGURE 4A.
V+
v £.8k0)
1CL7108 20k02
ICLT107 j‘
REF HI }F— ICL80GY
: f.2v
REF 10 > REFERENCE
CONMON
FIGURE 4B.

FIGURE 4. USING AN EXTERNAL REFERENCE

TEST

The TEST pin serves twu functions. On the ICL7106 it is
coupled to the internally generated digital supply through a
5000 resistor. Thus it can be used as the negative supply for
externally generated segment drivers such as decimal points
or any other presentation the user may want to include on
the LED display. Figures 5 and & show such an application.
No ‘more than a 1mA load should be applied.

E

v+ M0
TO LGP
DECIMAL
POINT .
ICL7106 :
' |
BR 21 | |
TEST :
37 o TOLCD
© BACKPLANE

FIGURE 5. SIMPLE INVERTER FOR FIXED DECIMAL POINT

The second function is a "lamp test”. When TEST is pulled
high {ta V+) all segments will be turned on and the display
should read “1888". The TEST pin will sink about 15mA
under these conditions.

CAUTION: In the lamp test mode, the segments have a constant OC
voltage {no square-wave}. This may burn the L.CD display if main-
tained for extended periods.

7 - intersil
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ICL7106, ICL7107, ICLT107S

absorb the refative large capacitive currents when the back

. -plane (BP) voltage is switched. The BP frequency is the

‘LV+
v o oinaiuly clock frequency divided by 800. For three readings/sec., this
. “_‘_D—r— is a B0Hz square wave with'a nominal amplitude of 5V, The
_ ¢ : ! segments are driven at the same frequency and amplitude
1CLT106 DECIMAL ——:)D—:_ ToEen. and are in phase with BP when OFF, but out of phase when
: s:‘s:&lg q»JI__—D_:_ PQINTS - 'ON. In all cases negligible DC voltage exists across the
T | segments. _ : i
TEST —_.rm_:_ Figure 8 is the Digital Section of the ICL7107. It is identical to '

! cp4g3o !

" Tewn

JRE 6. EXCLUSIVE ‘OR’ GATE FOR DECIMAL POINT DRIVE

yital Section

res 7 and 8 show the digital section for the ICL7106 and
107, respactively. In the {CL7106, an internal digital

nd is generated from a 6V Zener diode and a large
1annel source follower.. This supply is made stiff to

the ICL7106 except that the regulated supply and back plane
drive have been eliminated and the segment drive has been
increased from 2mA to BmA, typical for instrument size -
common anode LED displays. Since the 10:00 output {pin 19)
must sink current from two LED segments; it has twice the
drive capability or 16mA. '

In'both devices, the polarity indication is "on” for negative _

analog inputs. If IN LO and IN Hl are reversed, this indication
can be reversed also, if desired.

a ] a
— — — a f b f b f b
id3H557H85 2l N €
- ! a— . ! b e c e c e [+
d d d .
BACKPLANE
--------------------------- -- H - -4 H S [P 1 1
- 21 |
1
| : ]
LCD PHASE DRIVER _ :
LEOEE - BT T 'l
: 7 7 7 _ |
TYPICAL SEGMENT QUTPUT SEGMENT| | SEGMENT| | SEGMENT[ [-=-200 |
v+ bECODE | | DEcobE | | DECODE !
111 [11] [ 1] I
. 1
SEGMENT . LATCH 1
[ 0T 0T 110 ‘
. A
: 1000's 100 Al's s |, I
o~ “|counTer| foounter] |counter| |counter{® |
INTERNAL DIGITAL GROUND _ . . a
TO SWITCH DRIVERS _ _ I
‘FROM COMPARATOR OUTPUT a . 1
—p— — - - Q V4
- ..: w . 1 .
» 24 =4 -;I LOGIC CONTROL I 6.2v
.. . |
: T 5000
) - AAA
¥ THREE INVERTERS INTERNAL M Vv e TEST
ONE INVERTER SHOWN FOR CLARITY DIGITAL vy =1V 1
GROUND - "
' 2!
40 39 38 T T
_________________ S . o |
~
oSG oscC 2 0SC 3
i1
LR
FIGURE 7. ICL71E_IG DIGITAL SECTION
8 inter-sil ) . FN3082.8
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a a d
- — - a f b f b f b
’!-I ’( JIJC o O0 g g
N e g o e B o | y A1 2% A"
d. d d
____________________________ e e CHIH - S HEH - Y = o = =
— |
|
7. .7 7 (o
SEGMENT | | SEGMENT | | SEGMENT i
pecopk | | oecooe | | pecope t
|
TYPICAL SEGMENT OUTPUT L1 Ll L] |
- v+ " LATCH « I
0.5mA !
- [ T TOT 111 ;
: - 1000's 100's 10 s |,
SEGMENT| | ‘Jeounter] fcounter| |counter] | counter]® :
8mA . : e |
4 TO SWITCH DRIVERS 4— !
DIGITAL GROUND FROM COMPARATOR QUTPUT - 1;
. + * ! V+
: B ]
: - N 9 TEST
_ o »| LOGIC CONTROL . 8Ty
. o : . S50 |
+ THREE INVERTERS. : & DIGITAL
ONE INVERTER SHOWN FOR CLARITY s E 27| GROUND
: : 40 30 e !

tem Timing

re 9 shows the clocking arrangement used in the
106 and ICLT‘iOT Two basic clocking arrangements
be used:

“iglre 9A. An external oscillator connected to pin 40.
“igure 98, An R-C oscillator using all three pins.

oscillator frequency is divided by four before it clocks the
ide counters. It is then further divided to form the three
ert-cycle phases. These are signal integrate (1000

its), reference de-integrate (0 to 2000 counts) and

-zero (1000 to 3000 counts). For signals less than full

3, auto-zero gets the unused portion of reference
itegrate. This-makes a comp!ete measure cycle of 4,000
its (16,000 c!ock_pulses) independent of input voltage.
hree readings/second, an oscillator frequency of 48kHz
d be used.

chieve maximum rejection of 60Hz pickup, the signal
rrate eycle should be a multiple of 80Hz. Oscillator
tencies of 240kHz, 120kHz, 80kHz, 60kHz, 48kHz,
iz,'331!3kHz, etc. should be selected. For 50Hz

stion, Oscillator frequencies of 200kHz, 100kHz,

akHz, 50kHz, 40kHz, etc. would be suitable. Note that
1z (2.5 readings/second) will reject both 50Hz and 60Hz
+ 400Hz and 440Hz).

o e e e e g

INTERNAL TO PART

L GLOCK
GND ICL7107
TEST ICL7106 .
EIGURE 9A.
INTERNAL TO FART
L cLock

|

RC OSCILLATOR

FIGURE 9B.
FIGURE 8. CLOCK CIRCUITS
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ICL7106, ICL7107, ICL?TOTS.

mponent. Value Selectlon

wgrating Res;stor

1the buffer amphf ier and the integrator have a class A
ut stage with 100pA of quiescent current. They can

Jly. 44 of drive current with negligible nonlinearity. The
jrating resistor should be large enough to remain in this
‘linear region over the input voltage range, but small
1gh that undue leakage requirements are not placed on
3C board. For 2V full scale, 470kQ is near optimum and
larly @ 47kQ2 for a 200mV scale. '

\grating Capacitor :
integrating capacitor should be selected fo give the '
imum voltage swing that ensures tolerance buildup will
saturate the integrator swing (approximately. 0.3V from
3 supply). In the ICL7106 or the ICL7107, when the

ug COMMON is used as a reference, a nominal +2V full-
2 integrator swing is fine.(For the ICL7107 with +5V
Jlies and analog COMMON tied 1o supply ground, a- .
V to +4V swing is nominal. For three readings/second
Hz clock) neminal values for Cyy7are 0.2_211F'ahd_'

uF, respectively. Of course, if different oscillator
Jencies are used, these values should be changed in
rse proportion to-maintain the same output swing.

wdditional requirement of the integrating capacitor is that
st have ‘a.low digiectric-absorption to prevent rofl-over
s. While other types of capacitors are adequate for this
ication, polypropylene capacitors give undetectable

s at reasonable cost,

o-Zero Capacitor _
size of the auto-zero capacitor has some influence on
oise of the system. For 200mV full scale where noise is
important, a 0. 47uF capacitor is recommended. On the
cale, a 0.047uF capacitor increases the speed of

very from overload and is adequate for noise on this

3
N

erence Capac:tor

tuF capacitor gives good results in most applications.

ever, where a large common mode voltage exists (i.e.,

REF LO pin is not at analog-COMMON}) and a 200mV

38 used a'larger value is required to prevent roll-over
Generaﬂy 1uF will hold the roll-over error to 0.5 count

is instance.

iflator Components

ill ranges of frequency a 100k resistor is recommended

‘he capacitor is selected from the equation:

% For 48kHz Clock {3 Readings/sec),

100pF.

Reference Voltage

The analog input required to generate fuil scale output (2000
counts) is: Vi = 2VgEr. Thus, for the 200mV and 2V scale,
VREeF should equal 100mV and 1V, respectively. However, in
many applications where the A/D is connected to & _
trahsducer, there will exist a scale factor other than unity
between the input voltage and the digital reading. For
instance, in a weighing system, the designer might like to
have a full scale reading when the voltage from the '
transducer is 0.662V. Instead of dividing the input down to
200mV, the designer should use the input voltage directly
and select Vgrer = 0.341V. Suitable values for integrating
resistor and capacitor would be 120k and 0.22uF. This
makes the system slightly quieter and also avoids a divider
network orl the input. The ICL7107 with £5V supplies can
accept input signals up to +4V. Another advantags of this
system occurs when a digital reading of zero is desired for
VN = 0. Temperature and weighing systems with a variable
fare are examples. This offset reading can be conveniently
generated by connecting the voltage transducer between IN
Hi'and COMMON and the variable (or fixed) offset voltage

_between COMMON and IN LO.

ICL7107 Power Supplies

The: ICLT107 is demgned to work from 5V supphes
However,. if & negative supply is not available, it can be
generated from the cleck output with 2 diodes, 2 capacitors,
and an inexpensive IC Figure 10 shows this application. See
ICL7660 data sheet for an alternative.

In fact,? in selected applications no negative supply is

re'quiréd “The conditions to use a single +5V supply are:

1. The input s:gnai can be referenced to the center of the
common made range of the converter,

2. The sagnal is less'than £1.5V.
3 An external reference Is:used.

Ve
osc 1

0SC2 —WWAn—+
0SC3

ICL7107

GND
v' 1

- FIGURE 10. GENERATING NEGATIVE SUPPLY FROM +5V

10 | _intersijl

FN3082.8



ICL7106, ICL7107, ICL7107S

ical Applications : B Application Notes

"!CL71l06 and ICL-.?1 (?T may be used in a wide variety of TNOTE# “DESCRIPTION
igurations. The circuits which follow show some of the . ' ——

sibilities, and sefve to illustrate the exceptional versatility ANO16 |"Selecting A/D Converters

iese A/D converters. ) - |AND17 “The |ntégrating A/DConverter” _
following application notes contain very useful ANO18  |"Do’s and Don'ts of Applying A/D Converiers”
‘mation on understanding and applying this part and are ANU23  |“Low Cost Digital Panel Meter Designs”

table from Intersil Carporation. : — — :
ANC32  {“Understanding the Auto-Zerc and Commaon Mode

Performance of the ICL7136/7/9 Family”

AND46  |"Building a Battery-Operated Auto Ranging DVM with the
ICL7106"

AND52  |“Tips for Using Single Chip 3"/, Digit A/D Converters®

|ANSB09 |"Overcoming Common Mode Range Issues When Using
Intersil Integrating Gonverters” S

Jical Applications
—g——— TO PIN 1 4——— ' —— TOPIN 1 €
0sc1 E——Tkn“—- ' ) . 03C 1 Wi——rm s '
0SC2 [B—AMWA——¢- osc 2 [38
- 0503 [3B]- ' SET VRer _ - 0Se3 [Bl——dl—— sprypg
. TesT [37] 100pF V/ =100mv | ' TEST (37 A00pF: ’( = 100my
© REFHI S I REF HI 38} ——————y
| REFLO [ —————AW—WA—¢ REF LO. [FB]mi———4—AM——A—4—0 *5V
Crer 1k 22kQ ‘ Crer [ ] kD 22k
0.1pF . 2 0.pF |
CRrer |33 ‘ . : o Crer [Bp—T"
COMMON [3—————¢  4mn | . COMMON [32}——————+ Mo
INHI (5T} +—— W10 . IN-HI [37} —e .
N Lo o == 0.01pF N. Lo B N 25.0.014F > N
e Yy < 301 04T v 4
AZ - .
e iR Az ——ae ]
BUFF [Z8——AWr——e = BUFF E——M——* t
w3y T w A
v fzep— 2k : V- (e 22E L o5V
62 [75] 62 {z5] |
c3 (24 : ca [24 !
20 L 10 bispLay : 24§ o pispiay |
A3 |3 A3 (23] |
. 63 2] _ : G3 (72| : _
. BP [Tl ——weip  TO BACKPLANE . ' GND,Ej_ ——— e
’s shown are for 200mV full scale; 3 readings/sec., floating values shown are for 200mV full scale, 3 readings/sec. IN LO-may
ly voltage (9V battery). o " be.tied to either COMMON for inputs floating with respect to.
supplies, or GND for single ended inputs, (See discussion ‘under
Analog COMMON). B
GURE 11. ICL7106 USING THE INTERNAL REFERENCE FIGURE 12. ICL7107 USING THE INTERNAL REFERENCE
CoEsT
___ ./ ]
L \) U
oy b
11 ' interkil . FNa0s2.8



ICL7106, ICL7107, ICL7107S

mcai Apphcat.'ons (Contlnued)
TO PIN 1 —

_-'U"_“"‘"L-| )
0SC 1 J40
= 1ok . |-
. O8C2 B—"WA—y
0SC 3 (38 F—— seTvper
TEST [37] 100pF ’( = 100mV
REF HI 3——8'———¢
REF LO [35 A A3 AA—8-0 v +
o 1kQ 10k | 10k
CREF :

E'——:L
T 'o.1pF.+ : .
Crer t33}—3 1.2v (IGL8063)
COMMON [32}—————$

MO +
INH 3 —————————MWA—— "
0.01pF
ETy 3 .
INLO 430f T470F "
A-Z [29} || : !
=] T ATkO) !
BUFF [BB——AW——t
! 1
. —‘] . -
v ?_ql : —o V
ci [ i
g TO DISPLAY I
A3 73] |
G3 |22 !
22 .

GND ET _________ a

Yis tied to supply COMMON establishing the correct common mode

e, If COMMON is not shorted to GND, the input voltage may float
‘espect to the power supply and COMMON acts as a pre-regulator
1& reference. f COMMON s shorted to GND, the input is single
d {referred to supply GND) and the pre-regulator is overridden.

3URE 13. ICL7107 WITH AN EXTERNAL BAND-GAP
REFERENCE {1.2V TYPE)

TC PIN 1 4——

05C 1_ 40

0S¢ 2
08¢ 3
TEST
REF HI-

REF LO

100k

ay
=

L&)
oo

SET VREF
% =1V
A‘_A'A' A'Av.lr o V.‘.

25k)  24k0) -

100pE

B

7

3

CREF
CrerF
COMMON
INHI-
N LO
AL
BUFF
INT

V-

G2

c3

A3

G3
BPIGND

0.1uF

1MQ +

]| L?:IT

Mh—o
0.01pF oM
0.087F T °

ad)

0

L]
@0

AT0kEY

o V-

0.22uF

TO DISPLAY

(IR EITEE

3URE 15. ICL7106 AND ICL7107: RECOMMENDED
COMPONENT VALUES FOR 2V FULL SCALE

o 1
0SC 1 [40
oscz [38

osc3 (3
TEST [37] 100pF
12el :

36§

REFH

REF LO. (35—
CCrer P—

" Cper [33}——F
COMMON [R———s
|

INH

- IN LO Jag]—
oAz [@E—b—
| BUFF [BB———WW——9¢
©INT [T

V.

TO P
100k() |

1kQ

NA ——

o +5V

A 6av

-100kQ

t-[31] +

MO

+

4+—WA—to
== 0.01yF IN

62 7]’

c3!
A3

Since low TC zenei‘s have breakdtmn voltages ~ 6.8V, dinde must
be placed across thi total supply (10V}. As in the case of Figure 12
INLO may be tied to either COMMON or GND.

FIGURE 14, ICL7107 WITH ZENER DIODE REFERENCE

—Um:r‘m _ . TOPINA
— 100k
0SC 2 |39
0sCc 3 E—”—...—.._._. SET VRrer
TEST [37]. 10¢pF ;: 100mv
REF HI E__—Jv
REF LO Er%—ﬁwdwv—'vw— 5V
Crer [ - 1k 10kQ | 15kQ
CREF BT '—PWucumss)
COMMON Q———--—- me .
w3 o O
'NLOE-‘ X e -
AZ (B b
BUFF [28———AW———9
INT E_”_m
v- [ 0.22yF
Gz [ |
c3 |24 TO DISPLAY
A3 23]
o3 |7 |
1211 .
GND [21] 1

. An external reference must be used in this application, since the

voliage between V+ and V- is insufficient for correct operation of the

internal reference.

FIGURE 16. ICL7107 OPERATED FROM SINGLE +5V

12 | _interil
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ICL7106, ICL7107, ICL7107S

sical Applica_tions (Continued}

———. . .TOPINT v g TO PIN_‘li.———--
0SC 1 [ 08C1 W—— k]
0scz2 {39 . 05C 2 {38
osc 3 [38 -
0sc3 3 A ——ScaLe
TEST TEST |37] PF . 4 FACTOR
REF HI REF HI E__—_,} ADJUSTS
REF LO REF LO |35}—— 1—40,'3:9 :,;;‘Q 29kE
Crer Crer 3 ——r_ ; -~
0.1uF 100KkS) 220k02 .
Crer . Crep —T
COMMON COMMON [32}—— L4 9
IN HI | : N H 37— o i%ljgm SILICON NPN
: T 1 MPS 3704 OR
INLO 0.47uF N Lo 130 . DATRF © SIMILAR
Az | AZB——dme— L
BUFF [T A4 | BUFF 28— - Sigy
W : I T
v- [ 0.22,F . _ v 0.22uF
G2 [2 _ 62 |75
3 ' c3
cs 1A TO DISFLAY e TO DISPLAY
A3 [ ) : - A3 7
63 |7 . o - G3[
GND {Z1] : . BP[Zl———» TO BACKPLANE
. = . " Asiicon diode-connected transistor has a temperature coefficient of
. o i - . 'y . .
resigtor values within the bridge are determined by the desired . about -2mV/"C. Calibration is achieved by placing the sensing
tivity. o transistor in.ice. water and adjusting. the Zeroing potentiometer for a
i : 000.0 reading. The sensor should then be placed in boiling water
: . and the scale-factor potentiometer adjusted for a 100.0 reading.
3URE 17. ICL710T MEASUREING RATIOMETRIC VALUES ' - FIGURE 18. ICL7106 USED AS A DIGITAL CENTIGRADE
OF QUAD LOAD CELL : - THERMOMETER
v o 5
) V' osc1 [w] T ™ oscim
v 0s¢ 2 [39] [2] ot oscz [
TO #gglc osc 3 (3] "Bl et osc 3 [3]
TEST |37 I TEST [37]
. REF HI [36] | (5] a1 REF HI [36]
REF LO :: nglc orese | [&] F1 REF Lq 35]
Srer (3] OB . Voo [7] &t CReF [34]
Crer |35} | {8 Crer [33]
COMMON 32] 12k ?, 5] o2 common [
IN HI E The LM339 is reguired to @ cz L 333]
INLO E ensure logic compatibility | - Il_‘i_ B2 INLO 'E '
AZ zgl with heavy display loading. E A A'Z3§|
| BUFF [28] o oumsss | [ F2 BUFF [Z5]
INT [37] | il [e INT [27]
. A 1 ;
o . V- [28}-o W \ B es - V- JZ6lov-
j?—c(. !{: G2 [25 y ! I 16| B3 Gz 28] .
: ] : O/RANGE | : 5]
cs [24] , L} [T Fs c3 [24]
NGE J_% A3 (3] P L R = A3 3]
H CE: 63 [ l_"CE' ! ——{19] AB4 63 [
' ; 8P |21} UIRANGE | b :! O . &p E_I
[ > L
NGE —’ CD4023 OR LT
T4C10 33KQ .
:D4023 OR :CI( . '
74C1¢ CD4gT7 — _ —=
OVERRANGE SIGNAL FROM ICL7106 OUTPUTS OVERRANGE SIGNALS FROM ICL7107 OUTPUT

13 Vil‘lti‘-‘l"sil . i FN3082.8



ICL7108, ICL7107, ICL7107S

pical Applications (Continued)

0SC1 (40 T00K02

— g . TOPINT «
Dsc 2 (39 f

= 100F | - SCALE FACTOR ADJUST
0sc 3 {38} / (Vrer = 100mV FOR AC TO RMS})

1L
11
CA314D
TEST {37 100pF BuF 100k0
* AG IN
_REF HI g_—sl—-———‘l'/ : - - — o
REF LO. 35— AWVt
ko - | 220

CREF E‘——T
COMMON
INHI
INLO
A-Z
BUFF [38]———MA——q
INT

V-

G2

c3

A3

G3

BP

Bl
=

MT

i
+——1

v

100pF
'[ . {FOR OPTIMUM BANDWIDTH)

10uF

e

b
=

[SITSITEITHT:

TOQ DISPLAY

TO BACKPLANE

T

Test is used as a common-mode reference level to ensure compatibility with mast op amps.

FIGURE 21. ACTO DC CONVERTER WITH ICL7106

+5Y¢ . .
v L |
DM7407 LED
’_ T ‘ SEGMENTS
CicLrder {: 130Q —
V 1300 ﬁ‘
>_ 1300 %

FIGURE 22. DISPLAY BUFFERING FOR INCREASED DRIVE CURRENT

14 ‘ i“terSil FNa0s2.8



ICL7106, ICL7107, ICL7107S

al-In-Line Plastic Packages (PDIP)

E40.6 (JEDEC M5-011-AC ISSUE B)

40 LEAD DUAL-IN-LINE PLASTIC PACKAGE
INCHES MILLIMETERS

SYMBOL MIN MAX MIN. MAX [ NOTES
S _ ' A - 0.250 - | 635 4
= Dy £l Al 0015 | - 0.39 - 4
asE 1 ’4; ] A2 | 0425 | 0185 3.8 | 485 -
e - A | }\ B 0014 | 0022 | 0356 | 0558 :
.Amj / e | B 0030 | 0070 | 077 | .77 8
D1 L C 0.008 |- 0.015 0.204 | - 0,381 -
B1 & D 1.880 2.085 | 503 .| 53.2 5
B S __ es D1 0005 | - 013 | . - 5
0ot 025@|c[a[s@ | TE | 000 | 0625 | 1524 | 1587 | 6
Es: : ' : ' £1 0.485,| 0580 | 12.32° | 14.73 5
Controlling Dimensions: INCH, In casée of conflict bet_weén English e 0. 100 BSC 2.5:4 BSC -
and Metric dimensions, the inch dimensions control. : en " 5.600 BSC 504 BSCj s

Dimensioning and tolerancing per ANS1 Y14 5M-1982.

Symbols are defined in the “MO Series Symbol Llst in.Section 2.2 . °B -__ {: -D'?OO k 17.78 !
of Publication No. 95. ) L -~ 0115 0.200 2.93 5.08 4
Dimensions A, A1 and L are measured with the package seated i | N |40 4D ]

JEDEC seating plane gauge GS-3. : : : : : Rev. 0 12/93

D, D1, and E1 dimensions do not include mold flash or protrusions.
Mold fiash or pratrusions shall not exceed 0.010 inch {0.25mm).

E and are measured with the leads constrained to be per-
pendicufar io datum .

ep and e¢ are measured at the lead tips with the leads uncon-
strained. ec mist be zero or greater.

B1 maximum dimensions do notinclude dambar protrusions. Dam-
bar protrusions shall not exceed 0.010 inch (0.25mmy}.

N is the maximum number of terminal positions.

orner leads {1, N; N/2 and N/2 + 1)for EB.3, E16.3, E18.3, E28.3,
E42 6 will have a B1 dimension of 0,630 - 0.045 inch (0.76 - 1.14mm).

15 | interil S o - FM3082.8




~ICL7106, ICL7107, ICL7107S

tric Plastic Quad--FIétpai:k Packages (MQFP)

— | anaiiaeey
= B
=, | =
T -
o1 A ‘L

: " SEATING
-H- j_{____h_ \ A PLANE
IR 0.076
! +.Q u.uua]
120-16° ! €| -
l]él]
75 MIN - |$im®!CiA-B®|D@
1
MIN | g T - b [
] A2 aq il
-7° T ' l —-1 bt J-«_VE
~= | : I 0.13/0.17 j— ] |
\*L‘{D o 0.005/0.007
—r-lL-q— 1™120.18 T_/" -
BASE METAL
WITH PLATING /.
0.005/0.009

Q44.10x10 (JEDEC MS-02248 ISSUE.B).

44 LEAD METRIC PLASTIC QUAD FLATPACK PACKAGE

INCHES MILLIMETERS |
SYMBOL| MIN | MAX | MIN | MAX | NOTES
A - 0.096 ; 245 | -

A1 0.004 | 0010 | 0.0 | o025 | -
A2 0077 | 0083 | 195 | 210 -

b 0012 | 0078 | 030 | 045 5
b1 | 0012 | 0.016 | 630 | 040 -

D 0515 | 0524 | 1308 | 13.32 3
D1 | 0389 | 0399 | 988 | 1042 | 45
E 0516 | 0523 | 13.10 | 13.30 3
E1 | 0390 | 0398 | 980 | 1040 | 45

0020 | 0040 | 073 | 1.03 ;
TN aa a4 7
& |  0032BSC |  080BSC -
. Rev. 2 4/99
NOTES: L
1 ."Contr_olling dimension: MILLIMETER, Converted inch

:'dimensions are not necessartly exact. .
. All dimensiens and tolerances per ANSI Y14.5M-1982,

3. Dimensions D and E to be determined at seating plane .
4, Dimensions D1 and E1 to be determined at daturn plane

. bimensigns D1 and E1 do not include mald pratrusion.

Allowable protrusion.is 0.28mm (0.010 inch) per side.

. Dimerigion b does not include dambar protrusion. Allowable

dambar protrusion shall be 0.08mm (0.003 inch) total.

. “N" is the number of terminal positions.

All intersil U.S. products are manufactured, assembled and tested utilizing 1SO9000 quality systems;
" intersil Corporation’s quality cerfifications can be viewed at www.intersil.com/design/quality

il products are sold by description only. Intersil Corporation reserves the right to make changes in circuit design, software and/or specificafions at any time without

.. Accordingly, the reader is cautioned fo venfy that data sheets are current before placing orders. Information furnished by Intersi! is believed fo be accurafe and . -

fe. However, ro responsibiliy is assumed by Infersil or its subsidiaries for its use; nor for any infringements of patents or other nights of third parfies. which may resuit
ts use. No license is granted by implication or otherwise under any patent or patent rights of Intersi! or its subsidiaries.

For information regarding Intersil Corporation and its products, see www.intersil.com

16

intersil

FN3082.8



National

Semiconducior

General Description
Tha LMI58 sorias consiats of two mdspendnnr high ga\n

Ocober 2005

LM158/LM258/L M358/LM2904
lL.ow Power Dual Operational Amplifiers

Advantages

] Two Intemaily compansated op. amps

Intermally fraguency compensated op 1l

vihich ware designed specifically 1o operate from & smgFe
power supply aver a wide range of veltages. Operation frorm
spile power supplies g’ plso possible and the low power
supply current drain 13 Independent of tha magnitude tn‘ the
power supply valtags.

Application areds includs transducer amplifiors, do gain
blogks ang all the convanticnal op amp dreults which now
can be more easlly implemented in single power supply
systams. For example, the LM158 series can be directy
dpsrated off of tha standard +3V power supply vollage which
is Lsed In dightal aysierns and wilt easily pravida the required
Interface efectronics withou! reguiring the addiienal’ £15V
power suppHes.

The LM358 and LM2304 ara available In & chip sized pack-
age (B-Bump rofero SMOY using Natienal's micre SMD pack-
age technalogy.

Unique Characteristies

= In the fingar mode the input comman-mody valtage

- .range includes grotnd and the cutput voltage can also
swing to ground, sven though operated from only 2
single power supply voitage,

# The urity gain cross frequency 6 temperature
compensatad.

=. The input blas corent I5 aiso temperature compensatad.

naed for dual supplles

L] Anm direct sensing near GND and Vo also guss to
GNO

® Gompatible with all forms of togle

w Power traln sultabla for battary operation

Features

u Availabie In 8-Bump micra SMD chip sized packags,

. (Ses AN-1112)

n Intemally frequency compensated for unlty gain

- LArge de voltage gain: 100 dB

m Wida bandwidth (unity gain): ~ 1 MHz
{temparature compenssted)

= \Wide powsar supply range:
— Single supply: 3V 1o 32V
—of dual suppligs: 21._5\.' to 216V .

u Very low supply currant drain (500 pA)-—essentfally -
intependent of supply voltage

u Low input offiset vollage: 2 mv

W Input comman-made voltage range Inclides ground

W Diffierantial input voltage range equal 1o the powar
supply voltage

® Large dutput voltage swing

Voitage Controlled Oscillator {VCO)

o [

et O i el

l‘l.A » Ey i iMne —0 DU |
: v s
b4 Hy
1 . e /\/'\/
N w3 QUTRT 2
AR
T

© 2005 Matona! Semiconductor Commoration DSODTTET

wvr.nalicnal.com

 sioyqiduly [euopessdo eng Jemod MO 062N UBSENBSTIN/SSEN'T

LM 158/LM256/LM358/1. M2904

Absolute Maximum Flﬁtings {Note ) Distriutars for avaliatiiity and specifications.

it MlittaryiAerospace 'apeelﬂed -devices ara required,

pleage contact the National Semiconductor Sates Otfice/

LM1SA/A M58 M4S8 EM2904
N LM15BA/LM25DA/ M358 A
. Supply Voiags, V= " gav : 26Y
Difierential input, Vultage 3zv 28Y
Input Vakage -0.3V fo +32V -0,3V to +26V
Power Dlssrpatmn [Nota 1

Molded DIP 830 mwW 830 mw

Metal Can 550 mw

Small Gutline Packaga (M) 530 mW 530 mw

migra SMD" 435mw B
Oulput Short. Circult to GND )

{one Ampliter) (Noto 2)

V* =15V and T, = 25'C Continuoys Continuoua
Input Gisrent (V,y < —0,3V) (Note 3) 50 mA 50 mA
Cperating Temperature Range . )

M358 0'C o +TOC —4D°C 10 +85°C

LMz258 —25°C 10 +B5°C"

L1568 ~B57C ta +125°C

Sworage Temparaturs Aange
t.ead Temporature, DIP

—-65'C ta +150°C

-65'C to +150°C

(Sidering, 19 saconds) 280°C 280°C
Lead Temperature, Metal Can
{Soldering, 10 seconds) 300°C 300°C
Soldering Information .
Dual-In-Line Packags
Soldering {10 seconds} 260°C 260°C
Emall Outling-Packaga
vapor Phasa {80 saconds} L X 215°C
Infrared (15 saconds) 220°C 220'C

Seé AN-450 "Surfage Mounting Methods and 'Their Effect an Product Refiablity” for other mathoda of soldeﬂng

surfaca mount devicee.

ESD Tolsranca {Note 10) 256V 250V
Electrical Characteristics
V= .= 45.0V, unigss otherwise statad .
Parametar Conditions LM158A LMA56A LMISBALM258 | Units -
Min Typ Max [Min Typ Max { Min Typ Max
input Offsat Vollage (Note 8), T = 25'C 1 2 . z -2 2 5 mv
Input Blas Currant Diraay OF hipggye TA = 25°C, 20 50 45 108 45 18D nA
Ve '= Y, (Notg 6) )
Input Oftset Cument Yttarsy = Sty Vi = OV, Ty = 85°C 2 10 5 30 3 30 nA
Input Common-fods- . V= 20V, (Note 7} a V15| ¢ Vi=~t5] O A K-) v
Vohage Range (LMRO04, V™ = 26V), T, = 25°C
Supply Current Over Full Tamperature Ranga
Ry = = on Al Op Amps )
V= 30V (LMZQCM ¥ =26} 1 2 1 2 1 2 mA
V=8V - o D& 1.2 05 12 05 1.2 mA

www.natiohal.com




Electrical Charactetistics
¥* = +5.0V, unlass otharwise statad

Parameter Condittons LM358 EM2904 Units
: B Min | Typ | Max | Min | Typ | Max
Input Offset Voltage {Note 5}, T, = 25°C 2 7 ) 2 7 my
input Bias. Current linigay OF by Ta = 25°C, 45 250 45 | 250 T
L Ve = OV, {Hate )
input Offsat Gumrent tragy ~ I,,{,,vr Vom =0V, T, = 25'C 5 50 5 50 nA
Input Cemman-Mode Y= 30V, {Nata 7 - a V15 0 M-8 v
Voltege Range (LM290A, V* = 2BV), T, = 25'C
Supply Current’ Over Full Temperature Range
. Ry, == on All Op Amps
* = 30V [LM2904 V> = 28Y) 1 2 1 2 TmA
Y+ = 5Y 0.5 12 0.5 1.2 mA
Electrical Characteristics
YT = 4+5.0V, (Natwe 4}, unleas otherwise stated
LM158A L¥3584 LM1SOAM258 | Units
Paramatar - Conditiona Wi Typ Mix |Rin Typ WMax | Win Ty Mex
Large Signal Voltage V=15V, T, = 25°G, . .
Gain Ry =z 2 ke, (For Vg = 58 100 25 100 50 100 Vimy
11V :
Cammaon-hMods: Ta=25C, .
Pejection Ratio: Vom = OV to V41,5V o8 &5 88 n 8,5 o=
Power Supply V* = 5V ig 30V o .
Rejection Ratic: {LM290d, ¥+ = 5V a5 "10a 63 100" K L65.7.100 . dB8
: 10 28Y), T, = 25°C : :
Amph!mr-lo-AmpiHrr f=1kHzto 20 kHz, Ta = 25°C 120 120 -1.2D am
Coupling {Input Beferrad), (Nota 8}
Qutput Current | Source| V" = 1V,
Vi = 0V,
P o8 - 40 20 40 20 4% mA
VS, =8V, T, = 25'C .
Sitk] Vg = 1V, ¥+ = OV R
V=18V, T, = 25'C, 20 19 20 0 20 mA
Vg =2V o
Vg = IV,
Vgt = OV
R —— 12 50 12 50 12 ;o pA
V* = 16V
Srfn Cnrf:uft to G”rrjvunid 7 Ef: ?:VG.,- .(r\.to!a 2), ‘_‘U .60. 4JJ . _. 50 40 & mA
Input Offset Yolage {Note 5} 4 5 7 my
In?ut. Offset Vohage RAg =0Q 5 15 3 50 7 e
Drft
Input Otset Cutrent linsey = gy li] 75 100 nA
In?u! Ofiset Current Ry = 002 10 200 10 =00 16 pArC
Drifl .
Input Bias Current lipaeay OF dipgr s © 40 00 40 200 40 300 nA
Input Common Mode Y+ =30V, (Now 7) | 0 ves| o ves| a Vg v
Voltzge Hange (LMZ904. v+ = 2BV}

v, nalional .com
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Electrical Characteristics (comnuea)

V* = +5.0V, (Nate 4), unlasa otherwise statad

Paitmetor. - Conditions ] LM15§A LMABHA LM150/LM258 Units
- B . Min Typ ' Max [ Min Tyn Max [#In Typ Max
Large Sigral vallage U = 415V
Gain : Vo = 1V 0 11V o5 15 25 Vimy
R, >2ka ) : )
Cutput. Vou| W' = +30V TR =2ka | 26 26 28 v
Voltags (LM2904. V= = 26V) [y = To kit | 87 28 27 2B 27 . 28 v
Swing Vg [V* = 5V, B = 10 ki2 B EES 5 30 5 20 | mv
‘Quiput Current | Source +1V, ¥y~ = OV,
Rt AR 020 0 20 1w 2o A
Sink| Wy = +1V, Vg~ = OV,
. M S 5V, Vo = 2V 10 15 L] 8 5 :] [
‘Electrical Characteristics
V* = +5.0V, {Note 4], unlass otherwise statkd
Parameter Cenditions Laasy d Lmzens Unita
Min Typ Mex | Min TYp Max .
Large Sigral Voltage ¥© =18V, T, = 25°C, .
Gain A2 2 ke, (For Vg = 1V 25 100 25 100 iy .
to 11V} . ’
Common-Mode Tp = 25C, o5 o 50 0 @
Rejection Rato Vop = OV to V1.5V .
Power Supply V- =5V to 30V
Rajectien Ratio {LM2504, V* = BV 65 100 50 100 oB
10 28V), T, = 25°C ]
Amplilter-ta-Amplifier f= tHHZtO 20 kHz, Ty = 25°C g
Coupting (Input Batarred), (Note 8) -120 -120 o8
Output Currant Souss Vit 21V,
Vi =0V, . .
Nl W W 20 I mA
Vo= 2V, T, =85'C -
Sink [V = 1V, ¥yt = OV
Y= 1BV, Ty = 267G, 1o 20 10 20 - mA
Vg = 2V
V™ = 1Y,
V™ =0V 2z ® s uA
Ty = 25°C, Vo = 200 MY, : ;
vt = 15V ]
Shert Cirauit to Ground Tp = 26°C, (Mote 2}, .
_ - 15y EL ] 40 - 6o | mA
Input Dfiset Veoltage (Nota 5} . 9 10 my
Input Offsat Yoliage Re = 00
Drft I 7 uvrC
Input CiHse! Currerd Ynagay = Iy 150 45 209 n&
tniput Ofsst Current -|Rg =082 .
Dt . e 10 pAIC
Input Bias Curent Dniges 1 gy 40 - 500 40 500 nA
{input Common-Mode. V- = 30V {Mote 7} "
Voltage Range (LM2804, V* = 26v) ° ViR e Ve v
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LM158/L M256/E M358/ M2504

Ordering Information

Temperature Rangs

Pack _ N r
ackage ZER T to 125 -25C1085C | 0Cl70C | 40CHaste SC Rrawing
508 L1A355AM LM2904M
LMIEBAMX LM2I04MX
LMasaM MoBA
LM3BEIX
8-Fin Malded DIF TMASBAN .| LMEsoan
P LI4358M HoBE
B.Pin Ceraric DIF | - LM1GBAJ@B3(Nate 1)
LM158./883(Nota 11}
- Lmised Joga
" LMBBAJILQML (Note $2)
. LM158AJGME V{Note 12}
TO5, 6-5in Matal | LMISBAFVEBSNGEe 11) M258H “LM35EH
Gan LAMISBHEBINots 11)
LM1SBAH
LMi58H HOBC
LMISBAHLOML(Neta 12)
LMISDAMLOMLY(Nots 72} S
8-Bump micro LM3588P LMZ504 1P BPADBAAR
SMD LMISBEPX | LM2S04IBPX | 0.85 mm Thick
"~ 8-Bump mioro " LM35BTR LMZEGAITP _
Y LMESBTPX |  LMRS04ITPX. 0;:”‘?";}“ .
{.ead Frag -0 mm Fhie
. 14-Pin Ceramic. TLMI58AWG/EE] ]
SO | . . WA -

Nota 11: L4154 la avaipbla par SMD #5882-8771001
LM1S8A i svelinble per SMD A5892-4771002
ot 12 Sea 9TD MY DWQ SBEILE?710 for Radlation Tolerant Devices
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| Genaral Description
Tha LM135 sarles are preciaion, sasihy-calibrated,

&Natianal Semiconductor

1 LM135/LM235/t M335, LM1 35AILM235NLM335A
Precision Temperature Sensors

November 2000

tempemtura mnge. The LM335 operstes from —40°C to
+100°C. The LM13E/LM235/ M33S are avoilable packeged

circult terparature sensors. Cparating as a 2-temminal zener,
the {M135 has a hraakdown voliage directly proportional fo
absalute larperature at +10 MV K, With tess thas 10 dy-
namic impedance the device oparstea over a current range
of 400 pA 16 5 ma with virtualty no change in perfarmance.
When callorated et 25°C the LM135 has typicaly lees than
1°C:error over a 100°C tamparature range. Unlike other
sanadrs the LM$35 haa a linear output. . -

Appliéations for the LM135 includs slmoat any type of tem-
. perature sanaing over a -55'C v +150°C temperatura
rangsa. The low Impedanca and linear output make Interfas-
Ing to rasdout or contra! clroultry especially easy.

In ic TO-46 packeges whils Hyy LM325 iz
aiso aveiinbla in plastic TO-92 packages.

Features .

w Directly callbrated in “Kehvin

= 4°C inital accuracy avallable

¥ Oparatas from 400 pA to 5 mA

® Less than 1G dynemis impedancs
u Easily cafibrated

m Yide operating mmperaturs rmange
w_200'C cverrange .

W Law cost
The £M135 apsretes over a -55°C to +150°C tamparature .
range while the LM235 operates over a ~40'C 1o +126°C
Schematic Diagram
N
v
F- 149 ' o S L
e r TS
-
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"
{
" " oan e souemermy
h
(1] ML o i
u
"
= un
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LMHIS/LMZISLM335, LM135A/LM235AILMIZ5A

To92
Plasilc Package

o + N
DAY
Bottom View -
Order Humber LM338Z
or LM335AZ

Ssa NE Packaga
Numbar Z03A

Connectlon Diagrams

208 -
Surface Mount Packags
wif LI,
we 4 e
e i LawS
-4 Ly

NBOINACAE

Order Number L M335M
Bee NS Pachage
Numbar MOEA

YO
Matal Can Package®

*Cass is connacted 10 nagativa pin
Bottom View
" Order Number LM135H,
LM135H-MIL, EMZI5H,
LM335H, EM135AH,
1 M235AH or LM335AH
Een NE Package
Humbar HidH

waw.nalional.com




Absolute Maximum

Ratings (vom 4

Specified Operating Temp, Rangs

if Miftary/Asrcspace spacified devices ars roqulrsd, Continuaus :;‘:;"'2‘;""'

e s ety m‘m OMesl |mids, tMtagh -BSCIoHEIC  150°C 0 200G
o LMZ3S, LM235A  —40°C to #125'C ~ 125°C tn 150°C

Reverza Cument ASMAE | gaas LMIGSA  —40°C I +100T  100°C i 125

Forward Current TWMA | gad Tamp, (Scidering, 10 seconds}

Storage Temperaturs X 7052 Package: ? s80°C
TO-48 Packaga -£0°C to +180°C TO-48 Package: sooC
70-62 Package —S0°C o +150°C SO-8 Paciage: 300G
30:8 Package ~85°C ta +150°C Vapor Phage (60 saconds); 215C

o Inframsd (15 seconds): 2200

Temperature ACCUracy inaa 1}

LMA35/AM235, LMTI5AL MZ35A

Paramratsr Conditions LM135A/MLMIISA LIS M235 Unlts
. ’ . s Min | Typ | Max | Min | Typ | Max
| Operating Qutpirt Voitage T = 250G, |y =1 mA 287 | 208 | 290 | 266 | 288 | am v
1 Tt Emor | T = 25°C, la = 1mA 05 1 1 E] 'C
[ d Temperature EMor & Ty S To S Taax, ke =1 MA 13 | 27 2 5 5
Tamnparaturs Eror with 25°C Toam S Te S T a2 1w - 03[ 1 a5 |- 15 .
Galibration _ - )
Calibrated Efror at Extended T = Thaax {infermitiort) - 2 2. c
Wikl A .
Non-Linearity lee = 1 MA 3. | 05 63 | 1 ~C
Temperature Accuracy (Note 1) L
L3365, LM395A .
Paramster Conditions LM3I5A" LM335 Urits
Min | Typ | Max ] Min | Typ | Max

Opsrating Qutput Voltage To = 25C, ig = 1 MA 295 | 288 | 3.01 | 292 | 298 | 34 v
Uncalibrated Temperatura Emor | To = 25°C, Iz = 1 mA 1 3 2 & c
Uncalibrated Temperature Emor Taae S To S Thesoer tr @ 7 MA )4 5 4. [l G
Tamperatura Enor with 25°C T S Fo £ Tanx, g =1 MA 0.5 1.1 1 F] K+l
- )
Callbrated Error at Extended Te & Tyax (Intarmittent) L2 -2, ‘C
Tempentures L -

NonLinesrty Tn=1mA 03 | 35 03 | 15 C

Electrical Characteristics (ot 1)

L1356 M23S LM335
Parametar c LM13SALM2I5A [ITLLETY Units
. Min Typ Max Min Typ Max
Operating Qutput Voitage 430 A5 mA 26 10 E] 14 my
_Change with Cuirent Al Conatant Temperature
Dynamic impedance Ig=1 mA 0.5 0.6 It
Qutput Vollnge Temperature +10 0 mvre
Coafficient
Time Conatant - Sl Air 111 80 [0
: 100 f/Min Air 10 40 aec
: : ‘Stimed OA 1 . 1 s8c
Time Stability To=126C 0.2 02 “Ghhr

www.natiorl com

VSECW/VSCZNUVSELINT 'SEEWUSEZHISELINT

LM135/LMZI5/LM335, LMI3SA/LM235A/LM335A

Electrical Characteristics Mot 1) (Continusd)

Mot 1! Abcumacy messurements am made In 4 weB-stined of bath. For othar oonditions, seif heating must ba sonsidams,
Notw2: Conlmsots operation at thewe temberaiures for 13,000 hours for H packaga mrd 5,000 10tk for Z pacioxies may dacrenss e expectancy of the davics.

ot 3 .
Thesmal Resistance
8, {Junction ks amblent)
8,¢ (Junction to case)

" TO-82

TO-45 5048

20T°CIW 400°CIW 185°C/W
f70°Cw

NiA NiA

Hota 4: Refer 1o RETE135H for Hiftary spocifiations,

' Typical Performance Characteristics

" Rwvarse Voltage Change CaHbrated Error Raverss Chamacteristios
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iji@al Performance Characteristics

Tharms! Resparise in Stirad OF Butty
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‘Application Hints

CALIBRATING THE LM135
“Included on the EM135 chip je 'an sasy method of calibrating
the davica for higher acouracias. A pot connaciad acroas the
LM135 with the arm tisd to the adjustmant terminal aliows &
1-point cailbration of the sensor that corrects for inaccuracy
over-the full lemparature range, - .
This sirigle: point calibration works because the autput of the
1.M135 iz proportional fo ahsaiute tamperature with the ex-
trapolated output of seneor going to OV output ot D'
(~273.15°C). Errors In output voltags versus

(Caniinued)
Fumrdchuacmhﬁu_
7}
R mn
E f
g : ) =5 =i
F]
an ":' i -
§ “
H Pt 7 - e
o
. IIIIIIi
ar n
FOMART EORRENT (mA)

“To Insure good sansing eccuricy sevenal precautons must
be taken, Like any temperature ssnaing devica, self haating
can raducs accuracy. The EM135 should be aperated at the
Yorwemst sarrmnt sultable for the spplication. Sufficient currant,
u‘fmme, must be svaliebia todrive both the sensor and the
brition pat of the oparating as
well as any extemal loads.
If ther sapmer |5 ysed In an ambiant whera tha thernal resis.
tance is constant. seif heating errors can be calibrated out.
This [a possibie if tha device is run with & temperaturs stahle
cigrant. Heating will then be prapartional to Zener voltega
Ak tharafera temparature, This makee the salf heating anor

only slopa (or acale facter) erors se A slope calibraﬁon at
ons temp cts at all BE,

The output of the davice {callbrated ar uneeilbtated) can ba
expressed an!

T
Voury = Vourr, X T

whare T la the unknown temperature and T, Is 8 reference
tempeiature, both expresaed in degréas Kelvin, By callbrat-
(g the cutput ko read camactly at ane famperatire the ouiput
at all tempanshires is cmsct Nominally the output is cali-
brated at 10 mVFK.

Typical Appiications

Gnsic Tempersture Sensor v : Calibrated Sensor Wide Oparating Supply
L th v v+
IV-I“'U
ar u \{ o \,\’} N .
A L—-nnrmw.mr: i
e o 2" . L]

al to tempersiure the sama as scale
fﬂﬂor emom. . . o
WATERPRDUFma SENSORS

Maitabte inner core heat shrinkable tubing such as manufac-
tured hy Raychem oan bs usad to make jow-cost waterproat
sersors. The LM335 is insarisd into tha tubing abownt %°
from tha end and the tubing heated above the melting point
of the cors. The unfied 15" end melis. and provides a seal
over tha device.

. oUTRST
L A, WV
3 h
P L
DR B
Gallbratn o ?zﬁeglﬂ &G . =

Datsma. 1}

VEEEWVSETHTUVEELINT 'SEENTUSSZWT/SELINT
LM1351L.M235/L.M335, LM1 35NL“235NU‘335A

Typical Appiications (coniuec)

Minimum

o s R -
1w
r
[
P SUTHT
Tave MAmVI K
s
LaEN, ‘I‘.
- L_........_%
" om0

Inolated Tamporatury Senaor

Wises loragits for 1'C arror dus tr: wine crop

AWG
14
16
19
20
22
24

Ip =4
mA
FEEYT
4000
2500
1600
1000
825
400

Iy = 0.5 mA*

FEET
8000
5000
3200
2000
1250

860

“For I = 0.6 mA, the tm pot mst b8 deleted.
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Typical Applications (c;anénuua:

Singla Powsr Supply Coldl Junetion Compansstion

1w
"
(...
RS
L
“Sninct &3 and R4 for thermocoupla bypd N
: . THERMO- Ra R4 - BEEBECK
COHPLE COEFFICIENT
Jo 1.05K 385G B2apvic
T 2560 3150 A28 Wi
X :al: 4] 000 40.8 pVIFC
5 12802 48.20 saprc

Adpmtmants:
1. Mmmmm\umqa-umaamumumcoemmummmwhmmn

2. At R2 for voilige acroze R4 comeaporale in thermocolple

4 14.32 mv
T "I mv
K M7 my
5 1768 mv
9 www._nadinnal com

VECEWVVEEZWIIVSEIN T ‘SCCINTSSTNUSELINN

AL ook &7
7Jr—;:{\.,1
Ql.cgq,_luc_gi‘;ﬁ_i
a7 &
102,65 K drreoks
L
L3235

;UM 35!LM235ILM335. LH135NLH23WLH335A

Typical Applications (comiuear

Cantig Calfrated Ther

ki

NS
A

Agpeaie 15

ﬁ: [N

. Tormiwts ihenmocoupke referenos jirction ki close proximity to LMB3S,

Adstrrcts; ) .
1. Apgiy signal in pisos of thammooounis and adiat A3 for & gakn of 245.7.
1mmmmumwmwmmum.

3. Adiut B1 30 that Youy = 2002V # 25C.
4. Remove ghor acoax |LMAZRE and edust R2 pg that Vaur le\llm
E. Remove short scroin tharmacoliple,

* Fast Chiarger for Nicket-Cadmium Bottarles
R .

Vaut = 1Wa¥rC

Differentisl Temperature Sensor
L3

1w

-
|
o i
Bi

ARA

Py
i

tAdemt 04 10 50 mv grostor Vz ten D2,
Chage irminetas on 5°C lemperaturs rise. Coupls D2 1o battsry.

wew,national .com ) 10
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LW135/1M236/LM335, LM135SA/LM235A/LM335A
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Physical Dimensions inches (milimeim) unisss sihanwiss notad

omenan
[ e ™
| T
EATING | s
PFLANE i LY
% x FITT
: n
URTENTRIOLL by - fios ™
LEAT 1A Aot -
bats-on 5
ioar— u:|f-I "'_ )
A TYR mAY
L1
ep 250 m ™
i

ae-asn Y [Ty
:l.m-um\{( > o,
" HTH VoY
Mistal Can Package (H}
Ordor Numbar LM$35H, LM235H, LM333H, LM{135AH, LM235AH or LMI3SAH
NS Package Number HO3H .

7T 0 »
£ LA
l.mAI:&I
iy =
’ 2 e
CER
1 Y LA L L
o e
| e
L T o TENE
i nr- 7 FA= ]
# <alf ]
e f ] L] (7™
“"f:“ u@m o -pme 1% a4 L ELIRT. TN
= el =] [ Iy [
TIPALLEAR KL i ™ ;Bm---— ten
E-Laad Moided Smali Outline Packsge (W)
Order Numbar LM335M

N3 Paciage Number MO3A

VSCEWUVSEZWT/VSELNT ‘SEENUSEIN ISELINT

LM135/LM235/LM335, LM135A/LM235A/LM335A Precision Temperature Sensors

‘Physical Dimensions inches (mitmetsms) unises otherwise roted {Continued)

i

SExTINS PiARE

2,29 3an
_ (UNCONTROLLES LEAD Dra)
J——

Alosa

ORSENSTNG ARE W MILLIAETERS

Plastic Packsge .
Qrdder Numbsr LMIASZ or LM33SAZ
NS Package ZD3A

LIFE SUFPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT

DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITFEN APPROVAL OF THE PRESIDENT AND GEMERAL

COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herain:
1, Life support devices or aysfems arg devices or

2, A critical cmnpunal'ﬂ Is any component of 2 lfe

systemns which, (a) ate Intended for surgical implarst
into the body, or (b) auppart or susiain e, and
whose fallure to perform when propary used in

support devica or system whese fallure to parform
can be reasonably expected td cause tha fallure of
the life support device or ayslem or to affect Hs

actordance with lnmuem for use pmvldad In the - afaly or effsctiveness.

fabsling, can be d to result in &

slnnrﬂcam njury 1o the user.
Nationel Bamiednductos Nittonsl Berrioondetor Natiormsd Hetlorra Senicanductoy

: : Jsin Paciio Crstomer Jupm bnd.

Amaricss Fn: 445 {0) 190-530 65 B8 Group Tal: G13-5830-7560
“Toi: 1-800-272-9058 P suropm oupnartnso.com L Fax 81358367507
Fx: 1-B00-737-7018 Dn.mm T-l +49 (T} B0 9508 6208 Fioc 88-2804450
Erml w Engleh Tek «44 (0) 870 24 0 2471 Emat: &p.aunponggc.com

W RRtC N .com

Francein Tl: +3% [0} 1.4 1 0780

b of wy

w-ﬂmmh right zt ey Bine without notios to change wad cimutry s specTicstiony.




