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ABSTRACT

Premature infant incubator system is a vital and critical area because il
deals with prematurc infant or illness baby. It 1s essential to detect any
abnormal conditions occur in the premature infant incubator system as soon
as possible. Temperature, humidity, and oxygen concentration are the main
parameters must be contral in the premature infant incubator system.

In this project we designed a [eedback contrel system to control the
infant incubalor parameters including temperature and humidity by using
programmable logic controller (FLC) unit,

Photovoltaic svstem is used in this project in order lo energize an infant
incubator by implementing stand-alone type.
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L1 Introduction

e mewbator is considered as an air conditioned room with special specification which
W S contol it with respect to the condition of haby incubator which case the air
S 10 upper area so dismiss the CO2 fiom the special upper windows.

Westators are designed 1o provide an optimal environment for newkorn babies with
=ik problems (premature baby) or with illness problems. The incubator is isolated
W= e aronment with no dust, bacteria, and has the ability 1o control temperature,
Swssidins, and oxygen to remain them in acceptable levels such as (36°C-38°0) for
SesSenmturs, (70%-75%) for humidity and (23%-60%) [or bxygen Concentration.

0 s project, Photoveltaic System will be used to cnergize an infant incubator, Besides
=g s clean source of energy, Photovoliaic System is a [eusible salution in those areas
Wie=e grid power is not availuble or reliable,

e svstem will not be connected to the prid, Solar phatovoliaic panels will be used fior
Peswer gencration, while batteries will be used for encrgy storage and backup. The
MeSsior and the power system will be controlled using Pro grammable Logie Controllers
WO Figure (1.1) shows a Phatovaltaic Incubator System,

reThbe
P e

Figure (1.1): Photovoltaic Incubator System




e components used in this project is;

» Fhotavoltaic panels
* Hatteries

* Charge controller

* Inverter
& [ncubator
1.2 Objectives

The project aims 0 build and design photovaltaic system to cnergize an infant incubator.
& use programming logic controller (71.C) tn control in the Incubator Parameters.

1.3 Project advantages
features of the project arc summarized as follows:

* Photovoltaic System is a feasible solution in those areas where grid power is not
available or reliable.

* Lsing pure, renewable and ¢lear energy source.

* ['reserve the lives of thousands of infants from the risk of interruplion clectricity.

1.4 Cost

The following Table (1.1) shows approximation cost of the project

T'able (1.1): The approximation cost of the project

aponants of praject Cost {Ni%)
Faotovoltaic unit 7 - From Tniversity
Saneriex From University
Barge controller 400 XIS
lav erier 80O NS
i=cubator : Fram Al-Helal hospital
FLC & touch sereen 2800 NIS
Vires & connection J00NIS
Al 4300 NIS




1.5 System operations of the project
“he Doliowing steps summarize the wark principle for the project:

=  Photovelaic panels receive sun shine and converts to DC volage.

s The DC voltage is transler through charge controller to charge hatteries.

= After charping process is completed, the batteries supply de voltage to the
IMVeTter.

= Inverter converts DC voltage to AC voltage to supply the load.

» (Control panel used to run and control of an incobaror.

o PLC used to control and moenitor the workTow nf the incubator.

1.6 Project Contents

WS project contains six chapters, and these chapters can be summarizing as
e following:

« Chapter one: This chapter gives a general idea and introduction
about the whole projeet.

* Chapter two: this chapter talks about the infant incubator (history.
types, block diagram) and includes the control and sensing system.

* Chapter three: Talks about Stand-alone photovaliaic system
* Chapter four: this chapter talks about system design.

* Chapter five: this chapler talks about hardware and software

implementation

« Chapter six: Talks about Conclusion and recommendations




i3 Time scheduling

'he time planning includes two time schedules ; the first one shows what is done in the
st semester as shown in Tuble (1.2) und the second shows the tasks scheduling for the
second semester-as shown in Table (1.3).

Table (1.2): First semester time scheduling

4 | s |6 T+ [8 T |30 |12 = |33 [18 |15 |36 |

Table (1.3): Second semester time scheduling

Wl 2w 2| 25 281 51 36 2?i 28| 28| 30| 31
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oLl A el s e s e

Sremature infants born before the end of a full intra uterine pregnancy, so they have some
& fculiies in controlling: temperature, humidity lovel and oxygen concentration, these
Sebies need a special care Lo maintain a healthy body lemperature, regulate oxyaen
comcentration and also humidity level, and by placing an infant in an incubator can
somtrol in these parameters.

2.2 History

Ssory of an infanl incubator ! shown in Table (2.1)

Table (2.1) : History of an Infant Incubator

T Rmplng small bubies warm swaddling with mﬁlrij:lﬁ
“ o the elghtéenth contury - lavers of elnthes, providing body constant with the
i mother, ; ez

A study released un@ulmug the infant body
temperature

1932

1933 | A report on the improved survival of a new born infant
: nurtured with humidity has released

Up to day



2.3 Infant Physiological Test

% The newborn is commonly assessed with the APGAR test; A quick test performed
at | and 5 minutes afler birth to determine the physical condition of the newbom.

= APGAR test evaluates the newborn on 3 simple criteria on scale from “07 1o #2™

¢  Appearance — Skin Calor.

» Pulse —= Hearl Rate.
o Grimace —= Reflex lLrritability,
*  Activity — Muscle Tone.

* Respiration — Respiration Rale.

% Fach of (hese categories is scored with 0, 1 or 2 depending on the observed
condition of the newborn ! as shown in Table (2.2).

Table (2.2): APGAR test

Blue all Blue at
Appea lor
s B over extremitins Nagne
Pulse Hear Rate Absent <100 ~100
No i

Grimace, o
I e e
sk Irritability - i pulls away when

stimulation  Stimulated

Some Active
flexion movemeant

Rate ' irregular i




meubator s a very little size house used during the care of such in-risk infants and
el with the intent of producing environmental conditions that suites o cach unique

T e oulor needs™!,

-5;17 It Works

e moshator monitors the baby’s skin temperature using a temperaiure probe which is
58 15 babys skin, Oxygen supplementary can be taken in by an oxygen inlet
PRe=mon where it is mixed with fresh air through the filier. the humidity can be
e By the use of water paths (passive humidification) or By dripping water on a
WSS clement (active humidification) .

25 Types of Incubators

W are many different kinds of incubators, depending on how they are constructed,
e wnd controlled 2L

1) Closed Incubator:
Microclimate is produced within a rigid wall chamber it is heated using a fan to
ercale a flow aver a metallic heating coil 1o entep (he infant chamber'™ this tvpe
ocludes;

&1 Intensive Carc lucubator:
st be found at any hospital in the [CTJ
=nd emergency department, It is the most
mportant type hecause it provides
controlled environment for (T, 0 and
Bumidity)". Figure (2.1) shows Intensive
Care Incubator ,

Figure (2.1): Intensive Care Incubator




& Transport Incubator:
£2sily movable, safe and can be carried
by ambulance because of its small size ™,
Figure (2.2 shows Transpurl Incubator

Figure (2.2): Transport Incubator

2) Open Incubator:

o wall and no chamber, It is heated using a radiant warmer focused over the
mattress area! | this type includes:

A} Radiant heater:
Iz Is designed to provide a quick and
effective treatment for newborn who
sufier from extreme heat loss, it is not | H u‘

supplied with oxygen courcel™]
Figure (2.3) shows a Radiant Heatsr.

Figure (2.3): Radiant Heater.
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1.7 The Air Circulation:

“mderneath the baby is an air-blown electric heating system and humidification system
wEich circulates heated humid air at 8 desired lemperature and humidity through the
meubator chamber, Additienal O may be introducad to the chamber.

< ln closed door incuhators the
circalation will be around the x-
axis as shown in Figure (2.4).

= In opened door incubators the e S
circulation will be around the y- TL -:b‘«' .
axis™ as shown in Figure (2.5) ; —

Figure (2.5): cirevlation around the y-axis




2.8 Heat Loss

< Heat loss that huppens when water
evaporates from skin and respiratory
tracis. Figure (2.6) shows Evaporation.

e

Heat luss to cooler surrounding.
Figure (2.7) shows Conduerion

< Heat loss to cooler solid vbjects which are
in direct physical contact .Figure (2.3)
Shows convection.

4 Heal luss to couvler solid objects which are not in
direct physical contact”. Figure (2.9) shows
Radiulion,

Radiatian
Figure (2.9) Radiation

12




1o control the envirenment inside the hoed of the incubator we have two main control
excuts:

* Temperature Control,
»  Humidity Control .

= %.1 Temperature Control:

= most incubators there are two ways of controlling lemperature’

*  Ajr temperature mode.
=  Skin temperature mode,

W Sedk ways the heaters ontput will be proportional to the amount of heat reguired 1o
s the desired temperature !

Alr temperature mode:

temperature is regulated by mieans of the wmperiature sensor located in the air

Secsuse (the control o temperature 1s-achieved by means of a forced air cireulation

The range of temperature measurament is betwesn 5-50°C.
The range of temperature contrel in the normal mode is between 20-37°C .
The graduation unit of a temperature sensor is 0.1°C.

Mavimuim setting temperature is increased 1o 39°C in the over- ride mode 7\,

* * * % &

The temperature is sensed by a probe located below the desk compared with set

POl

W The initial set point is preset to 35°C £ 0,1°C, and the incubator will heat up 1o
2o lemperature until the setting is changed

& Anadditional sensor can be used ra monitor and contrel the maximum air

temperature and at this time an alarm is activated and the heater shut o™

Jemperature Control Flowchart shown in Figure (2.10)

13



NO YES

Set heater on Set heater off

_ Sat fan on Set fan on

Figure (2.10): Temperature control flowchart




2.2.1.2 Skin temperature mode

% Thin metal side of the sensor should be attached 10 abdomen of an infant in order
Lo measure the axact skin tamperature,

The temperaturc can be measured by the resolution of 0.1°C between 22-42°C.

The range of temperature control in the normal mode is between 34-37C

Maximum setting temperature s increased Lo 38 in the over-ride mode.

R

If the system fail: Alarm is activated during normal operation of an incubator ',

2.2.2 Humidity Control

< Humidity is defined as the percent of the water molecules that carried by the air.

& The humidity can be increased:

= By the use of water paths (passive humidification)

— By dripping water on a heating element (active humidification.

@ The rangs of setting humidity and current humidity is 20% - 90%"”

< It is important to control the humidity level in any incubator because the infant
losses temperature in different ways,

< Ifthe level of humidity is low the babv's skin will be dry and cause & lot of health
problems to him

%= lThe humidity control is done hy comparing the sensed value of humidity (which sensa by the
humidity sensor) with a set point humidity which is adjusted by the operatar. The humidity
increases the amaunt of vaporization water, and then increase the humidity concenrrationt™.

Humidity Control Flowchart shown in Figure (2.11)

15




Read Humidity
sensor

NO YES

4 Is Incubator
Humidity =
Humidity set

ncrease humidity Decrease humidity

St Humidifier on Set Humidifier off

Figure (1.11): Humidity control fowchart



1 Power failure alarm:

TR alarm is activated by backup batiery, when an incubatar power supply is cut off in
soomal operation. An alarm sound incessantly rings regardless of alarm off switch.
Cperational information collected before the error ocours is stored in memory by the

Ssciup battery and it is called when the error is repaired so that a control part can be
scemnally operated,

2) System failure alarm:

This alarm is activated when the errors on main hoard of the control part are detected.
T5e heater automatically cut off and #n un removable alarm sound is activated.

21 Over temperature alarm:

This azlarm is activated when the hood air temperature is ovetheated. The heater
sotoematically cut oft and a removable alarm sound is activated.

4) Air flow Tailure alarm:

TR alarm s activated by air circulation errors due to traubles in a haod air circulation
svstem and motor troubles, and is activared when a circulation fan connected o a motor
= oot well fixed at a motor axis. The heater automatically cut off and a removable alarm
soumd 15 activated.,

=) Sensar failore alarm:

This alarm is activated at both air and skin mode. the heater automatically cut oft and a
semovable dlarm sound is activated.

In the Air Mode
It Is aclivated when air lemperalure sensor is short-cireuit or cut
- Inthe Skin Mode
It is activated when skin temperature sensor is shert-circuit or cut, and skin
emperature sensor isn't connected 1o the senser box.

17




&) Air temperature alarm

This alarm is activated when the difference between hood temperature and control
temperature is higher than 1.5°C or lower than 3 °C during sir mode. If an
imcubator starts at air mode, Air temperature alanm won't activated for about 40
minules after the temperature is set and 15 minutes afier the control temperature is
changed.

71 Skin Temperature Alarm:

This alarm is activated when the difference of 1.0°C or higher between skin
wemperature and skin control temperzture appears,

1f the Air is lower than 34°C at air mode and il the skin temperature sensor is not
altached on the patient skin, the skin temperaturg alarm is activated s s00n & the
mood is changed from air to skin” .

A sensor is a device, which responds to an inpul quantily by generating a
Soctionally related outpul usually in the form of an electrical signal. The form of an
setput signal whether it is an AC or a DC signal whether the output is a change in
sesistance or o change in capacitance, and whether the signal is digital or analog™

¥

"B sensing system of the incubator consists of temperamre and humidiny .

2.11.1 Temperature sensor (LM 35)

The LM35 series are precision integrated-circuit temperature sensors, whose outpul
soimze s linearly proportional to the Celsiug (centigrade) temperature The LM35 thus
Sas an advantage over linear temperature sensors calibrared in Kelvin .as the user is nat

sscuired to subtract a large constant voltage from its outpul to oblain convenienl
eemtiorade scaling.

18




“he main features of the LM35 temperature
Sensor are:

* Calibrated directly in " Celsius (Centigrade)
* Linear —10.0 m V/"C scale facto

* .5 ¢ accuracy puarantee ahle {at +25 " ()

*  Suilable for remote applications

= Low cost due 1o wafer- leve] rimming

*  Operates from 4 to 30 volts!,

Temperature sensor LM33 shown in figure (2.12) e G

Figure (2.12): LM 35 sensor
Z.11.2 Humidity sensor (HIH 4030):-

= -2030 humidity sensor measures relative humidiry (%RH) and delivers it as an

smsiog output voltage. Vollage applied lo the supply pins should he within 4-5.8 Volt DC,

sl optimally ar 5 Volt, The sensor will typically only consume about 2004A.
RS sensor has three pins as shown in the Figure (2.13)

Festures:
»  Near linear, analog outpul
= L3558 Yelt DC voltage supply
»  All pins broken out to a 0.1" pitch header
« [aser trimmed interchangeability

= Low power design, tyvpical current dvaw of
anty 200uA

« [Enhanced accuracy Figure (2.13): HIH 4030
» [asl response time

» Stable, low drift performance

12
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Chapter Three:

Stand-alone photovoltaic system

3.1 Stand-alone photovoltaic system
3.2 Inverter

3.3 Charge controller

3.4 Solar batteries

3.5 Photovoltaic cell

20



3.1 Stand-alone photovoltaic system

Stand-alone photovoliaic power systems are electrical power systems energized by
shotovaltaic panels which are independent of the utility grid. These types of svstems may

wse solar panels only or may be used in conjunction with a diesel generator or = wind
sarhine '),

“his system has two types of stand-alone phetovoltaic power systems are direct-coupled
svstem without batteries and stand alane system with balleries,

Stand-alone PV system include four devices are 'V parnels; churge controller. solar
wverier. and betteries, Figure (3.1) shows Stand- alone photovoltaie svstem

Charge
~controller

Figure (3.1):Stand-alone photuvoltaic system

3.2 Solar Inverter
l

S Smverter, converts the variable direct current (DC) output of a photovoltaic (PV) solar
el into a utility frequeney ghernating current {AC) that can be fad into 2 commercial
=ecinical prid or used by a local, off-grid electrival network.

Swoiam nverters have special funclions adapied for use wirh photevoltaic arrays,
o wding maximum power point tracking and anti-islanding protection.




2.2.1 Tvpes of solar inverters

Thers arc three distinet types of solar eneray inverters 'Y, cach of which serve 2 different
Swsction and are used for a different tvpe ol slar energy system, although each inverter
= converls DC intp AC:

* Stand Alone Solar Inverter

» Sund-alone inverters are often used to convert dircet ¢urrent produced by many
renewable enerpgy sonrces like solar panels or small wind turbines, into the
altemating current..

= [trums by pulling direct current power lrom hatteries charped by other resources
like engine gencrators, hydro turbines and wind turbines.

= Stand-alone inverters relill the battery coming from an alternating current source
whenever possible.

» [1is used in homes and in small industrial buildings as a power backup. Figure
(3.2) shows Stand Alone Solar Inverter,

e '\-.._‘_‘ b i

= | Sy
B
- . :
= -

Figure (3.2): Stand Alone Solar Inverter,




T8¢ Grid Tic Loverters

Is connected 1o utility grid and feeds power back into the grid. The sysiem
consists of PV panel connected to grid tie inverter .

The power pruduced by the PV system can be cither supplied to loads or fod back
wio grid when the PV system quiput is greater than the load demand

* When the PV system output is less than the load demand (e.g. at night), enarey

will be consumed from the wrilite grid. Figure (3.3) shows Grid Tie Inverter

AC Londs
AL Current

Figure (3.3): Grid Tic Inverler

= T8¢ Battery Buckup Inverters

Hackup batlery inverters and are used in a multi-funetion solar svstem, In this
system, the direcl current generated by the solar panels is first sent dircetly 1o 2
battery,

Fhe energy [rom the batteries is then scat to the inverter and converted o
alternating current whenever cleetricity is required. However, when the batterics
are fully charged, any excess direet current clectricity that is penerated is sent
directly to the inverter and is then sent into the local power grid,

This system combines the other two systems inlo one self-reliant and po ssibly
money generating solar unil.




3.2.2 Special functions of inverters:

.. Maximum power point tracking (MPPT) :
15 a technique that grid-tie inverters, solar ballery chargers and similar devices use
lo gel the maximum possible power fram one or more photoveliaic devices.
typically solar panels,!'™
trom similar technology,

though optical power ransmission systems can benefit

.. Anti-islanding protection:

I the event of a power failure on the electric grid, it is required that any
independent power-producing inverlers attached to the grid turn off in 2 shon
perivd of time, This prevents the DC-10-AC inverters from continuing to feed
power Into small sections of the grid. known as “islands.™ Powered islands
present & risk to workers who may expeet the area to be unpowered. and they may
also damage grid-tied equipment 121

3.3 Charge controller

S0y electrical system needs protection system, so solar syslem needs a protection svstem
Sor panels, batteries. and loads.

& cnarge controller, or charge regulator is basically & voltage and/or current regulator to
Seup batteries from avercharging. It regulates the voltape and current coming from the
sotar panels going to the battery.

25,1 Working principle:

“e principle behind a solar charge controller is simple (Figure 3.4} There is a circuit to
Wessure the ballery voltage, which operates a switch to divert power away from the
Smmeny when it is fully charged. Because solar cells are not damaged by being short or
Spen-circuits, either of these methods can be used to stop power reaching the batiery.

& comtroller which shart-cireuits the panel is known as a shunt regolator, and that which
Smems the cireuit as a serics regulator, Optionally there may also be a switch which
mamarically disconnects the power from the loads when the battery vollage [alls
Smecrously low. This is known as a low-voltage disconnects function = L
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Figure (3.4): Working principle of charge controller.

3.3.2 Basics of charge controller:

1) Regulation set point (VR): I'his set point is the maximum voltage a controller allows
= Batlery o reach. Al this point a contraller will either discontinue bhattery charging or
Sesin to regulate the amount of current delivered to the battery, Proper selection of this
=t point depends on the specific battery chemistry and uperating temperature.

=) Low valtage disconnects (LVD): The set point is vollage at which the |oad is
“sconnected from the battery to prevent aver discharge. The LVD defines the aetual
aowable maximum depth-af-discharge and available cupacity of the battery, The
#iailuble capacity musl be carefully estimated in the systcm desi gn and sizing process.
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3.4 Lead acid battery:

Emerpy storage is fundamental and critical part of any practical PV svstem. and involves
e siorage of exeess PV-generated energy in a form suitable for use dusing periods of
w5 the solur input is insufficient w support load demands.

Traditionally, the lead acid bartery has been the technology of choice in PV-svst=m. This
= povmarily dug to the comparative technical simplicity and the substantial capital cost
SSvantage of the fzad acid battery over other possible energy storage technologies.
Sowever, the perlormance of the lead acid battery compared 1o other components of
sestemporary PV-systems is varied, and on a life eycle basis, the lead-ucid hasery
Secomies @ significant element of total system costs, Experience with lead acid hatters
Seesee systems varics with battery type and tvpe of PV application, system sizing design
@ conirol scheme ™

SwSaition the hattery;

% sambination of one or more electrochemical cells, used to convert stored
Semcal energy inty electrical eneray,

1 Batteries for solar systems:

&= several different types of bartery chemistry including liquid lcad-acid. nickel-
ke, nickel-cadmium (NiCad), alkaline, and gel-cell.

s are cither sealed or vented. Simply, there are only two principal types of

ol

riing batteries

e betieries are designed for high cranking power, but not for deep cyeling. Used as
storage, they will not last long in a deep eyele application. Starting batteries use
n plates to maximize the surluce area of the battery. This allows very high

e camrent bui lets the plates warp when the battery is cycled. This type of hattery is
W sisumended for the storage ol energy in hybrid svstemn. However, thev arc

smended as starting banery for the back-up generator,




<~ Deep cycle batterics

Do cyvele balteries are the (ype ol battery best suited for use with inverers. The
sysical dimension of the plates is thicker and the active material that holds the charge is
SEsser to increase cyele life.

¥8e decp cycle type of battery is desizned o have the majority of their capacity psed

Sefire being recharged. Ihey are available in many sizes and in cither non-
we=ad or sealed types.

3.4.2 Battery Specification
*= Days of autonomy Rely On:

Astonomy is the number of days a battery slorage system will provide the load without
Seine recharged by the photuvaltaic solar panels or another seuree.

Days of autonomy rely on weather condition 8. 50 Lhe number of non-sun and
“oudy days of autonomy. The designer can reduce the number of days of sutonomy
wen adding a hybrid allemative as generator or wind turbine, The dayve of auton omy
#%ect the size and cost of the solar system.

=-Battery Capucity:

“ B¢ capacity of batlery i< based on the power needed 1o operate the loads and how much
sored eneray will be needed to foed the loads when the weather is cloudy,

Ballery eapacity is affected by load, rate of discharge, depth of discharge,
*smperature and age.




“-Rate and depth of discharge:

The rate of dischurge affects the battery capacity. [Fit is discharged quickly the
Sapacily is less, but when the ballery is discharged slowly the capacity will be greater.

Depth of discharge (DODY) refers to how much capacity will be withdrawn from the
semiery. Battery life is affected by the depth of discharge as shown in Figure (3.3).
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Figure (3.5): Impact of Depth of Discharge on the Number of Cycles !

solar energy technologies, which hamess the sun's eneray to gencrate electrical power,

wc une of the fastest prowing sources af renewable energy on the market today, Around

e world, engineers and scientists are collaborating to lower the material costs of solar

sells, incrense their enerey conversion efficiency, and create innovative and efficient new |
sroducts and applications based on photovoltaic (PV) technology.




3.5.1 Photovoltaic Cell Structure:

|
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Figure (3.6): Photovolaic Cell Strueture

A Encapsulate: mude of glass or other clear material such clear plastic, seals the eell
S the external environment.

8 Contact Grid: made ofa good conductor, such as a melal, and it serves as g colleclor
o electrons.

©. The Antircflective Coating (AR Coating): Through a combination of a [averable
s=Sactive index, and thickness. this laver serves to guide light into the sclar cell. Without
s fayer. much of the light would simply bounce il the surface,

9. N-Type Silicon: is created by doping (contaminating) the Si with compounds that
“osiain one more valence electrons than Si does. such as with either Phosphorus or

Amsenic. Since only four electrons are required to bond with the four adjucent silicon
wsms, the fillh valence electron is available for conduction,

£ F-Type Silicon: is created by doping with compounds containing one less valence
=estrons than Si does, such &s with Boron. When silicon (four valence electrons) is
Siped with atoms thar have one less valence electrons (three valence electrons). only
“es clectrans are available for bonding with four adjacent silicon atoms, therefore an
eamplete bond (hole) exists which can attract an electron from a nearby atom. Filling
W8 Bole creates another hole in a different Si atom. This movement of holes is available
S conduction.

¥ Back Contact: made out of a metal, covers the entire back surface of the solar cell and
B 5= 8 conduclor.




3.5.2 P-N junction:

1he region in the solar eall where the n-type and p-lype Si layers meet is called the p-n
mnction. As you may have already vuessed, the p-type silicon layer contains more
sositive charges, called holes, and the n-type silicon laver containg mors negative
<harges, of electrons. When p-type and n-type materials are placed in contact with each
“iher (see figure 3.7a), current will low readily in vne direction (forward biased) but not
m the other (reverse biased).

AN interesting interaction oceurs at the p-n junction of o darkensd solar cell. Extrs
vaience electrons in the n-type layer move inlo the p-type laver filling the holes in the p-
ape layer forming what is called o depletion zone. The depletion zone does not contain
53 mubile positive or negative charges. Moreover, this zone keeps other charges from
¢ p and n-type layvers from moving across it,

0. 10 recap, a region depleted of carriers is left around the junction, and a small electrical
“mhalance exists inside the solar cell. This electrical imbalunce amounts o about 0.6 to
2.7 volts. So due Lo the p-n junction, a built in clectric field is always present across the
solar cell.

FET Gk

“hen photons hit the solar cell (see Figure 3.7.b). (reed electrons (-} altempt ta unite with
“oies on the p-type layer. The p-n junction, a one-way raad, only allows the electrons to
=ove in one direction. If we provide an external conductive path, electrons will flow
“rough this path to their original {p-type) side to unite with holes,




3.5.3 Types of photovoltaic cells
Monocrystalline cells;

Monocrystalline cells are made from thin slices (walers) cur from o singie crystal of
slican as shown in (fgure 3.8), which is produced by immersing o crysta! nucleas with a
“=fined orientation into a bath of melt-silicon and very slowing drawing the crystal from
= bath. The water is doped with impurities Lo form p-tvpe areas and n-iypc areas '
Sfter that, electrical leads are attached to the walers, thus forming the Mon porystalline
=eils. The cell efficiency of Monoerystalline cells is in the range of 15 - 18

Figure (3.8): Monocrystalline.
- Polyerystalline cells

iyeeystalline cells arc made from thin slices (walers) cut from a cast silicon bleck.
sier doping the wafer with impurities and attaching electrical leads to the wafsr.
wiverystaliine cells are formed as shown in (ligure 3.9), Singe crystals of various
wrentations are formed during block casting, the surface of a polyvervstalline cell has an
swpearance of shattered glass!™. The cell clliciency of polverystalling cells is in the
mnge of 13 -16%.

Figure (3.9): Polycrystalline silicon.
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Amorphous silicon cells
smorphous cells are made by applying a thin layer (film) of active slicon on 2 solid

substrate or flexible backing, typically a thin stuinless steel sheet. Afier doping the waler

S0 Impurilies and atraching electrical leads to the waler, polyerystalline ¢

“wrmed as shown in (figure 3.10). The advantages of amorphous silicon cclls includs
ser cost than that of crystalline cells, and can be applied on [lexible and Bght-weicht

sebstrate, However. they have the disadvantage of lower cfficicney and the protlem

= O
shi-induced degradation %!, I'he module efficiency of amorphous silicon modules is in

W

[n

= mnpc of 5.~ 8 %

Figure {3.10): Amaorphous silicon.

<. Copper indium diselenide cells (CIS cells)
e active semiconductor material of CIS cells is made from copper indium diselenide
sioved with gallium and/or sulphur. The CIS cells do not have the problem of light-
sduced degradation but they show stability problems in hot and humid environments.
“he module cfficiency of C1S modules is between 7.5 - 9.5%. which is the highest among
=1 thin=film technologies (figure 3.11).

Figure (3.11): Copper indium disclenide
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= Cadmium telluride cells (CdTe cells)

L le cells are thin film cells with cadmium telluride as the active semiconducior material
Sgure 3.12), The eadmium telluride laver acts as the p-type absorber lasver and is coated
%= top of an n-type cadmium sulphide layer. The module efficiency of CdTe modules is
Setween -9%

Figure (3.12): Cadmium telluride

S5 4Equivalent circuit of a solar cell:
*\ celis can be modelad as a current source in parallel with a diode. When there is no
et present W generate any current” . the PV cell hehaves like a diode B A< the

seensity of ncident light increases, current is generated by the PV cell. as illustrated in

Sare (3.13).

. | B -

| it fndEnsity

Figure 3.13: -V Curve of PV Czll and Associated schematie symbal of solar czll

33




From the equivalent circuit {(zee Fig 3.14). it is evident that the current produced by the
sular cell is equal to thar produced by the current source, minus that which flows through
the diode, minus that which flows through the shunt resistor

Rs l
‘ Ip IsH -
i vV Rey V

Figare 3.14: Simplified Fquivalent Cireuit Model for a Photoveltaic Cell
=1 - 1p-ley (3.1)
Where:
L cutpul current {(amperes).
! - photogene rated cunent (amperes).
o diede current (amperes).

Lo shunt current {amperes),

152 current through these elements is governed by the vollage acrass them:

Vi=V +1LRs (3.2)
Where:

%o Voltage across both diode and resistor Reg (volt).

- voltage across the output terminals (volt).

L output current (amperes).

B series resistance (L2).
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By the diode law, the current diverted through the diode is:

L
15} =-E.:] [E [:irk? -]} l

Lk
LLad
-

Where:

Iy reverse saluration current (amperes).

i diode ideality factor (1 for an ideal diode).
K: Boltzmann's constant.

1@ absolute temperature,

By Ohm's law, the current diverted through Lhe shunt resistor is:

s = (3.4)

H5H: shunt resistance (82),

Substiting these into the lirst equation produces the characteristic cyuation of a solar
cell which relates solar cell perameters to the output current and vollage:

- J[‘?.—W] V FLRS .
=] —Iﬂ[f. T —IJ = (3.3)

3.5.5 The affects of temperature

“igurs 3.15) shows the cllvets of temperature on the I-V curve of w PV cell. lse increases
sighily with temperature by about 6uA per °C for lem” of cell: this is so small that it s
seemmally ignored. However, a more significant effeet is the temperature dependence of
“itage which decreases with increasing temperature. Typically the volage will decrease
= 25mV per °C per cell,
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[igure {3.15): Effect of temperatube on the |-V ¢ curve of 2 solar cell

3.5.6 The affects of irradiance

Solar irradiance is a measure of the sun’s encrgy, under stundard conditions the amount
of energy reaching the Earth's surface on a clear day is taken o be IkW/m". I'he amount
« imadiance reduces with the slightest amount o haze and hecomes quite small on
overcast days. Ise is directly proportional to the irradiance; so that ifirradiance halves so
S0 Lye The voltage variation is very small and usually ignored (see fip 3.16),

Irradiance = 0.1 Wiemd

0.78 W/cm?

ar o

-

a o1 02 @83 o4 DOE 08
voliage (V)

Figure (3.16): The effects of irradiance on the 1-V curve of solar cells,




3.5.7 Advantages of solar cells:

|. No Pollution: Solar eneray is non-polluting, clean, reliahle and renewable source of
slectricity, It does nol pollute the air by releasing hanmful gases like carhon diovide,
nitrogen oxide and sulphur oxide, Selar energy does not require and fuel and thes svaid
e problems of transportation of fuel or the storage of radioactive waste.

= Long lasting solar vells: Solar cells make no nojise at ull and there are no mos ing parts
i solar cells which make them long lasting and require very little muinlenance. Solar
=nergy provides cost effective solutions to energy problems where there is no electricity
at all.

=. Renewable Source: Solar ¢nergy is a renewable source of energy and will continue 1o
produce electricity as long as sun exists. Although solar energy cannet be produce during

aight and cloudy days but it can be used again and apain during day time. Solar energy
fiom sun 15 consistent and constant power source and can be used to harness power in
==mote locations.

= Low maintenance: A solar cell generally doesn’t require any maintenance and run for
‘ong lime. More solar panels can be added [rom time 10 time when needed. Although,
solar panels have initial cost but there are no recurring costs. Tnitial cost that is incurred
eace can be recovered in the long run. Apart from this, solar panel does not create anv
soisc and does not release offensive smell,

= Easy Installation: Solar panels arc casy 1o install and does nat require any wires,
cords or power sources. Unlike wind and geothermal power stations which require them
50 be tied with drilling machines, solar panels does not require them and can be mstalled
o the roellops which means no new space is needed and each home or business user can
senerate thelr own eleciricity. Moreover. they can be installed in distribuled faghion
which means no large scale installations are needed.




3.5.8 Disadvantages of Solar Cells:

" Initial Cost: The initial cost of purchasing and installing solar panels slways become
e first disadvantage when the subject of comes up. Allhough subsidy programs. tax
witiatives and rebate incentives are given by government 1o pramote the use of solar
pancls we are still way behind in making full and elficient use of solar enerev. As new
echnologies cmerge, the cost of solar panels is likely to decrease and then we can =e2 an
Serease in the use of solar cells to generate electricity.

= Reliability: Unlike other renewable source which can also be operated during night,
siar panels prove Lo be useless during night which means you have te depend on the
ozl utility grid to draw power in the night. Else you can buy solar batterics 1o store
excess power which you can later utilize in the night,

= Variability of available solar Radiation: Weather can greatly afTect the power output
o any solar-based energy system. Variations in climate or site conditions require
=odificalions in system desipn.

= Energy storage: Some PV systems use batterics for storing energy, increasing the
wize. cast, and complexity of a system.

5. Incfficiency: Since not all the light from the sun is absorbed by the solar pancls
Serefore most selar panels have a 40% efficiency rate which means 60% of the sunlight
gets wasted and 1s not harnessed. hew emerging technologies however have increased the
rate ol efficiency of solar panels from 40 to 80% and on (he downside have increased the
cost of solar panels as well.




Chapter four:

System design

4.1 Introduction

+.2 Programmable logic controller
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4.4 Photovoltaic design




4.1 Introduction

[ this chapter we will design the control Unit in the incubator (PLC 20 touch
serzen), the block diagram ol the project, and photovoltaic system desien

Photovoltaic design includes the size of PV panels, inverter, charss contolier, and
sanery to fit with the size of load.

In this project we will use PLC and user interface (touch screen), with anslog
contro! sipnal; tw control of temperature, humidity sensors in incubator.

4.2 Design of control Unit

Designing the contral unit basically depends on system requircment such as
Ssterming the external interfacing units with the control unit and the methods used o
w=nsfer data between the units that connected to the control unil.

£.1.1 Programmahle logic controller (P1.C)

PLC that used is Delza , with model DVP-20EX | it's contain 8 digital input .6
< oial outpul , 4 analog input and 2 analog output . choosing this model is based upon
comiaining internal extension module that gives analog inputs and culputs needed for
sensurs used in project. There are four analog sensors: Air Temperature sensor, Skin
Temperature sensor, Humidity sensor, voltage divider for battery.

The funetion of PLC in project is to take analog command trom sensors. process it
el gives the appropriate decision hased upon program save inside PLC, it deals with
orders siep by step, every step is 20mv, and the analog signzal in PLC is dealt from -10myv
% Oand from 0 ro L0my,

P1.C 20EX is connecied with relays through dipital Gutput and with sensors
tarough analeg input. PLC 20EX  connections as shown in Figure (4.1] is:

X0 = X7 digilal input.
ViH — Vd. : analog input.

Y0 — Y3 digital output.

A+ — Al-: analoz output.
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Table (4.1): input /output allocation table.

R'm em’{:iei-at'ure Sensor 1
Skin temperaiu-ré sensor ) Vi 3

Humidity sensor V2
Voltage divider to measure batlery voltage V3
| rela‘f main fan YO
External fan Yl
Solid state relay for Humidifier ' Y2
Solid state relay for Heater Y3

Buzzer Y4

== Touch Screen

Model that used 14 delta DOP-AS3S, its width is 3.5 " with 256 colors.
Section is thal we can enter calibration through it and to make & display for many

Calibration that set by touch screen:

= Hiomedical calibration

= switching on and ofl System as a whole.
= switching on and off heater

- switching on and off humidifier

- switching on and off zlarm system

= Dhsplay page show:
1) Air temperature
2) Skin temperature

2) Humidity percentage
4) If an emergency condition happened. show what it is.
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4.2.3 Control Unit Diagram

Conteol unit diagram shown in Figure (4.2) :

Figure: (4.2) : Control Unit Diagram

Where :

R1, R2: 220 VAC solid state relayvs for heater and humidifier respectively
R3: power relay 24v used for induction motor

PLC : programmable logic Controller. delta PLC (DVP-20EX).

4.2.4 Amplification circuit

Because the outpur voltage of LM35 Temperature sensor is between O mV and 10
=V oand isn't reach the step voltage ( 20mv) . so to connect this sensor with PLC we
nead to amplify the output voltage of sensor, this done by using the LM358 Operational
Amplifier as a non inverting amplificr with pain 10 to amplify the output voltage that is
wsed for calibration (0.1 Volt for 1°C ). Amplification circuit shown in Figure (4.3)
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Figure (4.3): Amplification circuit
Av=1+RZRI (4.1)

=1+ 18K /2K =10
Where :
Av: Gain (number of amplification )

R1L.R2 :resistors

<15 Ballery voltage measurement

W'z can measure battery voltage by using 2 weirs putting on battery electrode. T hrough
solage divider eirenit used to protect PLC analog madule. and finally to PLC analog
=odule 1o Read the voltage of the battery (figure 4.4 ).

: R2

v = *

out = Vin ==y, (4.2)
=12% —_ -0V

ALK




Where ;
Vout :output voltage
21,R2: resistors

Vin tinput voltage

It
— Vout

Figure {4.4): Voltage divider circuit

Wen the battery voltage drops to below 10 Valt, the alarm turn-on,




4.3 Block diagram of the project

Slock diagram of the praject shown in Figure (4.3)

p—————
inverter Batteries Charge Py
controller panels
220V
= T
i iy ! y ,‘ e |
ON/OFF Touch |leee PLC I|~ Alarm '
Switch screen i system Lz
Tr & I RO
e, | 4
[ s s i_
i % 1 1
5kin Temp Humidity alr Temp. II
sensof censor Sensor ||
i I
|
f T e
rx. Infant incubator
Relay Relay
FAN Heater Humidifier

Figure (4.5): Block diagram of the project
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Lable (4.2) shows block disgram signals

Table (4.2); Block diagram signals

Type of Signals Description
1 o Poweer fiow - B
o B : Output control sigmal
----------- - Analeg input control s=nal
B - - PLC cable | power & Sata)
Description:

Photovoltaic system (PV panels, charge controller inverter, balleries)
used to energize an nfanit incubator.

PLC (delta) used for control af VO of incubator.

Touch screen it is the user interface for incubator,

Alarm system consisis of buzzer or by using screen.
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4.4 Phﬁtﬁ‘h’ﬂltﬂﬁ: -ﬂ'eﬁi'gn.
4.4.1 Photovoltaic calculation:-

This design for stand-by photovoltaic system, as appropriate for available
device and photoveltaic units; so we will design system to work 2 four
hours.

Table (4.3): incubator loads with it wattages

Incubator lpads

Power (V)

Hr/(for 4 hour)

War-Hr{Wh)

Heater 440 W | 440
Humidity heater 100 W ] 100
PLC & touch sereen 70 W 4 | 280
Iwno Fans 30w 4 | 120
I Possible Waglie - 1 : = ol daihy Saetichlay || T

Load WH

'F:" r II‘ =3 I T =
Wh (Stﬂﬂd b} S SIE]TLJ battery efficiency+Wiringefficiency

=20  _||12845Wh

" 085098
Sattery bank size buse on depth of discharge and autonomy requirements:
Autonomy = 1.7 days
SDepih of discharge = 60% deep cyele batterics

[Wh/ (stand=by system )] rautonomy

Sanery bank size in Wall-hours = g (4.4)
112845217 o
BSee - JI 9T Wh
- 1 L battery size in Wl
Satieries capacity in Amperc-hours= it Gkl (4.3)

system voltape
= volt de system will be chosen.

3197 Wh

Satteries capacity in Ampere-hours= 2664 Ah

SesAh

=133.2 Ah,

.
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We will choose 2 batteries 12V- 140 Ah

Twao balteries are connect in parallel

(load Wh}
*+ Wh of solar pancls = (4.6)
ftotal efficiency)

fl

cog= T batters ¥T wlres *7) churge conolie: 1 temp® 1} snvecser AT
Temp, =1 0.005% (Average glass temp. - 25)

—1-0.005(30 - 25) = 0.975
Nrotal = 0.85F0.95%0.96 *0.975%0.85 = (.66

Wh of solar pancls = % =1424Wh

\verage perlect sun hours = 6 hours

Wh ot solar panels
Average perfect sun hours

Power of the solar panels = (4.%)

_ 1424 Wh
& hours

We will choose two panels (120 Watts - 12 Volis)

237 Wall

Soth of them will connect in parallel.

o+

%+ Consider inverter efficiency 85% and divide total wattage by 0.85 and
approximate inverter wallage to nearest available standard wattage.

Total wattage = 640, Inverter Efficiency = 85%.
Inverter capacity = 640 /0.85 = T33VA. (4.9)
Nearest Available inverter Capacily =800 VA, [12V
The fuse of inverter = 800 W / 220V =3.63A
For safe design we will sclect 5A inverter fuse.
¢ The rating of charge controller = 120Watt /12V =10 A

“or safe design we will select 15 A for charge controller,
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4.4.2 Energy saving and Feasibility Study:

This Feasibility Study to design stand-alone photovoltaic sysiem 1o ensrzize
e incubator for 24 hour,

\verage energy per day — 5640Wh/day

Total annual consumed energy = P*L=5640W *365 day =2058.6 KWh
lotal cost = E * unit price=2058.6K'Wh *NIS 0.52/KW = 1070.5 NIS.
Total Cost of stand-alone system = 12450 NIS.

Payback time = 12450 NIS/1070.3 NIS = 11.6 years.

Table (4.4): The Total Cost of Componcnts that required lor infanl incubator to
work 24 hour,

~  Cumpooests . NISCusl
Polverystalline Silicon : _ _
- .t'hurgt: Controller - -
15A 12 Vaolt 1 * 380 NIS - 380 NIS
~ Materies | B*TSONIS=6000NIS
12V 200Ak :
Inverter T 1 # 700 NIS =700 NIS
TKW
Total Cost” 12450 NIS
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Chapter 5:

Hardware and Software implementation

5.1 Hardware implementation

5.2 Software implementation




5.1 Hardware Implementation

Hardware implementation represents all processes in project except progamsmang ple | it
consists build infant incubator with controller PLC , Construct Amplification,
Hegulalor voltege divider ,Temperature sensor (LM35) and Humidity semser (HIH-
2030) circuits with an incubator, and connect the photavoltaic system with the iscubator

£.1.1 closed Infant Incubator (Drager)

The incubator used in project is drager closed infant incubator, in this incubator as we
sxid in chapter two Microclimate is produced within a rigid wall chamber, il s heated
wsing a fan 1o create a flow over 8 metaliic heating coil to enier the infant chamber Fiouse
1 3.1) shows infunt incubator ol the project.

Figure (3.1): Infant Incubator of the project,
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3.1.1.1 The electrical componen s

The electrical components in an incubator are considered the main parts o bl

enld the
meubator and this component as shown in F igure (5,2 is;

Tigure (3.2); electrical components of the incubator

- Transformer (220V 124V)

RIS part is used to transform 220 volt to 24 volt to supply the fan.

=- Single phase induction motor "IM"

Single phase induction motor used in project as a main

fan, has a fixed Speed is used 1o
Srculate the air through the incubator, Figure (5,

3) shows a single phase induction molor.




Figure (5.3): single phase induction motor.

Table (3.1) shows the electrical specifications for single phase induction motor

Table (5.1): The electrical specifications for single phuse induction motor

PAPST — MOTORIN

4.2 Induction motor model ; B2 S020 44

24V, S0/60 Hz
Capacitor : 68 uF
TW6.-95




The Exquivalent Cireuit of single phase induction motor'™! shown in Figure (5.4)

Capacilor | l
[ |
_ Rotor
70N
) ‘ff 0 Q
.—
fﬂ' 'II.'J o e
Input
Power tAan O 2
Winding o
b '._D_’;'ﬂJ
Slarl Winding

Figure (5.4): Equivalent Circuit of single phase induction motor

Ihe capacitor used to prevents the motor to draw more corcent during starting.

3- Heater

152 main source of the hear, (50 HZ)y {220V ) {440 | it is used to heat the air that will inter in
e hood of the incubatar, The heater oulpul 15 proportional to the amount of heat required
o maintain the desired temperature.

4+ Humidifier

= this Incubator the kumidifier is considered an electrical component with other heater
100 W) used to heat the water, The main function of this part is 1o generate the desired
sumidification inside the hood of incubator.
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5.1.2 Delta PLC (DVP-20EX) Connections

The PLC used in project is Delta PLC (DVP-20EX), and il is connected as we explainad
this in previous chapter (Figure (5.5) shows Delta PL.C (DVP-20EX) connections.

Figure (5,£): Delta PLC (DVP-20EX) connections




5.1.3 Amplification, (7805, 7812) Regulators and Voltage Divider
Circuits

I-Amplification eireui

We build this circuit as we designed it in previous chapter to amplify the sutses voltage
of . M35 that is used for ealibration(0.1 V for 1 °C), Amplification Circest shown in
Fipure (5.6) .

Z- (7805,7812) Regulators

This Regulators used to supply the circuits with [ixed voltapas +SV and =12V (7805
TRI2) Regulators shown in Figure {5.6)

3- Valtage Divider circuit

I'his circuit Used To protect PLC analoz module when it is reading the output vollags
from battery.

Figure (5.6): Amplification, 7805 7812 regulators and voltage divider Circuits




.14 Circnit of (LM235) and (HIH- 4030) sensors

Uireuit of | M35 and HIH 4030 sensors shown in Figure (5.7)

Figure (5.7): Circuil of LM35 and I1111 4030 sensors
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3.1,4 Circuit of (LM35) and (HIH- 4030) sensors

Circuit of LM335 and HIH 4030 sensors shown in Figure (5.7)

Figure (5.7): Circuit of LM35 and HITI 4030 sensors
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2.1.5 Photovoltaic module:

The module used is (PW1250) shown in Figure (5.8)

Figure (5.8): PW 1250 module

The electrical specifications of PWI1250 shown in Table (3.2)

Table (5.2): [PW1250] electrical specilications

_ (PW1230) 18V
Typicalpower == ¢+ " W] 115
Opcraing vollage -~ & [V 254
Current atop.voltage = ' 4.5
Shor Gircuitomment | 5
Open circuit voltage =~ [V] 319
Minifmimn power V] 110
Maxintam syst. Voltage —~ [V] 600V
Seric fase BA




5.2 Software Implementation

Saftware plays the main role in developing control system. Tt is used 1 opeste 3l the
work of the system, to control all the wark of the systam we read the input sensors sional
(temperature. humidity) and then we compare them with the setting r” the result of
the comparing used to control the actuators

5.2.1 Touch Screen Programming:
I'he touch screen from DELTA can be program in special sofiware " screen aditor °

and design the logo of screen's on the same software First step in program connect all
comnmend in intemal ple relay "Flag's" (MO-M999) And some command will be need
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Fig {5.9)

Figure (5.9): The beginning window of touch sorecn




5.2.2 PLC Programming:

The Delta PLC soliware called " WPL Soft”
The following program consist of analog input, digital output and conness i souch screen
as shown in Figure (5.10).

#

ak il

MO fnE
oy o = e
oy oAt “ =
i 02 3 o
==
- oa oa | v
— i—) I F
S
—pb— = 0 L n

n |

Figure: (3.10): Delta PLC program




Chapter six:

Conclusion and Recommendations

6.1 Introduction

6.2 Conclusion
6.3 Challenges

0.4 Recommendations




6.1 Introduction:

This chapter presents some conclusions that resulted from implementing and testing
the project, also it explains in detuils the goals that were schieved from the project.
Finally, it propnses some¢ suggestions and recommendations for developing the
system in the future.

6.2 Conclusion

¢ Three important parameters are found to simulate the control system inside
the incubator; these parameters are temperature, humidity. and oxvgen
Cuoncentration’

¢  Three different types of sensors are modified and used to sense the three
parameters in the chosen incubator these sensors are lemperature sensor,
humidity sensor and oxygen sensor).

e Photovoltaic Infant Incubator control system is proposed, justified. and
implemented. This System depends on computing the voltages and currents
outputs sensors ! and converts it to temperature and humidity level and
oxygen concentration und these all can be work by photoveltaic system.

® Despite high cost of the project, but is a fensible solution in those areas where
grid power is not available or reliable.

* Using PLC controller give us highly efficient in control of incubator, And
ohserve the workflow of operations by using touch screen.

6.3 Challenges
#* The project components are expensive.
% The Oxygen sensor doesn’t exist and is very expensive.

* Analog signals Programming vsing PLC is difficult and takes a much
time,




+ The work was paused for sume time becanse the components nol

avuilable and needs 2 long time to bring.

6.4 Recommendations

After the great efforts during the last year in constructing the model completeh

and working perfectly, and because of its high importance of project we highly
recommend the following:

< Increasing the utilization of clectric energy generated from photovoliaic

systems in Palestine.
< Manufacturing photuoyoltaic systems in Palestine,

% Develop the system by muking interface ro control a group of incubator

at the same time, through display data for every incubator on the screen.
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= Precision Centigrade Temperature Sensors
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ﬂﬁutiunal Semiconductor

LM35

Precision Centigrade Temperature Sensors

General Description

Tha LIS series are precision integrated-cirmit emperaturs
SENE0rE, Whose aulput valtage |5 iinsanty proportional to he
“elsius (Cerligrade) lamperature, The LM3S thus has en
Hveniege over lnsar lemperatune sonsors calibrated n
~ Faivin, as tha user is not regquired o subrac 2 lams
==eelam wollege from |is outpil to' obisin corveerient Cent-
Faoe scaling. The LM3S doas nat require any exiemal
=2libration or tnmming to provide typlcal accuraciss of £ %'C
= moom tempacaturs and £35°C over a full <55 1o <150°C
Smperanre range. Low cost 15 assured by timming and
=siibration at the walar leval. Tha LMASs [ow culput imped-
Ence, lingar output, and pracies inhersat calibration make
resrfacing o resdogt or cealral glreuitry esoscialy easy it
=2n De used with single power supplies, or with plus and
TS sUPPECS A il draws only B3 A from s supply, @ has
wey low sel-heating, less tan D.1°Cin stil alr. The LM35 12
==l 10 Operale over @ -55° o #150°C famperating rangs,
whiiz the LM3EC i3 mted for a 20" 12 +110°C range [-10°
sivimoroved assuracy ). The LM35 sories is svailable pace-

agad in hermelic TO-4G: ransktor Gackaoss whie =
LM3SC. LM3SCA, pnd LMISD am 2S¢ ssaletes ©— o
plagic TO-82 tFansistor packags. Tha LMESD = s =i
ablain an 2-lead surdace mount smsl cules paciee=andi a
piastie TO-220 paskage.

Features

Calibrated dinsctly In ™ Celsius (Conbprads)
=ingar + 100 mVWC scale facls

0.5°C scoyracy guaraniseable lst +25°CH
Aaled for full -55° ta =150°C rangé
Suileble far remote applizatons

Low cost dus to waterdovel trimaring
Cperates om 4 10 30 volls

Lass than G2 uA curment drain

Low ealf-hestng, D.08'C in sfill mir
Mornlineanity only £14°C typice!

Low impedance ougpuat, 0.1 L for 7 ma s

Typical Applications

W
i TO 20}
ouTrT
£ LA
= aM55 -

FIGURE 1. Basic Cenligrade Temperstura Senaor
(+*2'C to +150°C)
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FIGURE 2. Full-Range Centigrade Temparatune Sensor
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Typical Perforimance Characteristics
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Typical Performance Characteristics {Cartinued)
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Applications

The LM3S can be 2pplind easily in tne same way g5 other
integpated-cireult temperalurs sansars. It can be glued or
cemanted 10 a suddce and I lemperalurs will ba within
about 0.04°C of the surface Iomperaturs,

This oresumes that the smbient alr tomperaturs s simost he
same =8 the surfeca lemperstune, | ihe i femperatirs was
much higher ar lower than the surfaca lempermue, e
aclual lemperatine of fie LMES dis would be at 20 imierrs-
diate lemparature betwesn the surfacs (emperalie snd e
air temoarature, This is expedally true for the TO-82 plastic
paceage. where e capper lsads ane e prncipsl thermal
path 1@ camy heal inlo the device, sa iz temneratr might
be desertn ths alr lemperatura thanto the sirace fernpara-
are.

Ta minimize this problem, be sura that tho wiring o the
LM35, =8 Il leaves the devics, |s hold at the sams tempera.
lura a8 e surlece of infarest. The aesiest way 1o do this [s
o pover up these wires with & besd of apoxy which will
ngure thal the fsade and wirds are el at the =ame =mpara-
bife gE the surace, and (hel the LM3S die's tompersture will
it be affectad by the sir empesature,
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light-weight hazt fir, o decresss the tharmal time corstent
BN =need Lp the responss in slowky-moving & Cn he
other hand, & small thernal mass may be pdded to tha
sersof, [ogive the stsadiest reading desplte smell devistions
IR ne ar lsmperatune.

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

TOde, T, TO-a2, TO-ET, e ] S04 Te-im
ro heat amall heat Tin oo hoot sl head N oo has amiall bt fim e b
sink ink wink mirik
Shl LR FOOETW YeITw 14N AT FANCSW T
b owiing =i F00 W L=y B TOOTW 108'C i BT
= O dotEAN B T
Jtired oil S0 AGAY A 40T
(Enped 1o mefei,
Trfinit md mrkd FEGn fE5 i)

“Wasnfald type 304 of 17 B ol 1 (20 shest brass, soldansd In osso, o girisr
MTOEZ are 505 nackages plaed anr lnads aoldesss 1 1 Eausne of S8 grirted sl boasd wilh 2 9z il o0 simear




Typical Applications

k| WERVE CRAEITIVE LOAD, 'wiEwE, C7E

o
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FURE X LM3S with Decoupling from Capscitive Load

j HELVY CAPRCITIVE LOAD, WiR%S, ETT,
furr \'.h-_——_

s

r=-—-
1
1
I T ==
Ll |
BTN T = ™
[
i
L___ T1J
[
FIGURE 4. LM35 with R-C Damper

TIVE LOADS
TOEl micupower gircuits: the LM35 hae a [mitsd ahillty
hoavy capzcitiva Inads. The L35 by itseil is agie 1o
30 pf withoul speclal prosautione: | Fegier Iacs gra
“e=ted, I is easy to isolate or decouple e Inad with =
= 580 Figure 3, O you can Imprors the toberaoce of
===nte with 3 series R-C camger frem oulput o
soe Fimure 4,
" e LMIS s applisd with & 2000 loag resistor as
In Froure 5. Figura G or Figurs & Lis relatvaly immune
g capacilaies because the capacilance farms 2 -
fam ground o Inpul, nol on ine culput, However, &s
=y finear circull conreetsd to wires n & hoslile envi-
=l ils performance can be affeced Edversely by in-
e cleclromagnelic sources such 8% relave, mdio frans-
" moters with arcing Srushes, SCR franzieme ste os
S Can acl a8 & resefdng amenra and e intemal
==r3 canacl as reclifiers: For bostresulis In such seses,
=e=st eanachor from W, 1o ground and @ seres R-C
"o such s 750 in saries with 0.2 ar 1 UF fram autpist s
=ra ohien ussful. Thesa are shewn in Figure 13,

2 and Flgurs 18,

&
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SELRE 5 Two-Wire Remote Temperalure Sensor
[Grounded Sensor)
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FIGURE 7. Ternperature Sensor, Sinale Supply, -58' 45
+150°C
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FIGURE &. Two-Wire Remaote Temperature Sensor
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Typical Applications ot

¥
{8 TO 28]
l
LW3E
Bh
™
i
15
& L=ad
' o 1.0 BNFF
B
L]
. 5
bhises1 2 1k 5
1.0
15
e EENE

FIGURE 10. Fahreanhall Thermometer
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FIGURE 11. Centigrade Thermometer [Smalog Meter]
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Typical Applications (cotinees)
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Order Number LM3SCZ, LMISCAZ or LM3sDZ
N3 Fackege Numbor Z034A

SUPPORT POLICY
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IMPORTANT NOTICE

Teeas frstrumenis incomposated end its subsidierias (TI) reserve the right to make comactions. Moo SEEE—— i
s other changeas to Hs products and senvices at any tme and to discopfinue sny product of Servion el Sl St ol
sotaln e sl relevan! infemetion before placing orders end should venfy thel such INfoMMBakon & S anssm— s e
st sujeect o TT'8 terms and eondifions of zae =uppied 3t the Hme of order acknowladgment.

7 maranls pefomence of s remwere productz (o the specilicsbions applcabla at tha dre of 22is & aeormee ol T e
sarrznby, Testling and ofher quality control fechniques ars used o the exlerd T deams negessany I SopDs I SR S afss
mandated by priemmsnl requiremants, esling ol &l pargmeters of each product 18 not necasssnly passr—

T 2ssumes g habilily for apolicabons ecssEnoe of custuner oroducl design. Cuslomars sm reaponsisis S S e
solications w=ing T1 components. To'minimize (he riake seaccialed with cisiomer products and applicafions S e e
eqUata deasign and operating safeguands,

71 acas not wamant or rapreserd that any koense, sither sxpress or implied, s granled ender gny Tl peteel il omerers. s e weer
o Sther T1 intellectuz| groperty rght relaling le any cosmbinalion, maching, ar procaes in which Tl procecss o seesoes e saee S
sbdished by 11 regarding third-parly producte ar senices does nat consfifute: 3 license from Tl fo use Sech rotecs = = = 5
sarranty of andomsament Ihereof. Liss of such information may require & leohse om e third party under e e o =S S
sroperty of he therd party, o & beense frarm Tl under e patents or olber inftsliactus! properdy of T

Seproduction of T1 informatian I T) date books of data sheels is parmissibls anly if reprodudion is wihoot sieston s & s
oy il associated warranties: condifane, limitations, and notices. Reproduction of his mformaton with siureSon = = ofes e et
Susinase practce. Tlis not responsibhe or lkabiz for such altered documentation, Informatian of Third pariss mey b= asiee & oS
"SsmicLicns.

Seszle of T1 products or Samvices with statements different from or beyond the parameters stated by T1 for hat protuc! o seres s =
=sprzas snd any impllad warrastias for the aseacisted T1 praduct of service and is &n uniair 2nd deceplive busress orecies 70 = s
==2ponsible or llable for sy such stelements.

1 products ara not aulhorizad far use In safety-ortizal applications (such 85 ife suppert) whers a failure of he T pocuc woue =asonens
e empacied lo cause severe personal injury or death, uniess officers of the parties hava exscuted an agreement soeafcally powe s
sech uas, Buryers reprasent that they neve all necessany enparnise in ine safety and regulstony ramifications of ter asstcatiors. =0
scknowiedge and agrea thal tey sra solely respansible for g legal, reguletory and s2fatyralatea recUremans ConcEmns S sroduss
&l any use of Tl products in such selsby-criical spplicaiions; nobwinsanding any applications-related Information or suopon Bl sy =
sroviced by T Further, Buyers: must fully Indemnify T1 and s representalives ageinst eny dameges erising out of (8 e of 71 oo &
wch salety-crilical applicatns.

71 produsts are nailhar designod sor intended for use n mditaryiseros pace applicationz or eanvimnments unisss the TI srmaucts s
seeslicully designated by T1 Bs miltary-grade or "anhenced plaatic.” Only produsts designated by 71 as milkery-grade maet military
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HIH-4030/31 Series

Humidity Sensors

SESCRIPTION

“reEywell has expanded our HIM Series to include an SMD
==face Mount Devics) product line- the new HIH £0530/4031,
e HIH 40304031 complaments our existing fine of non-SMD
ity sensors. SMD packaging on tape and ree! allaws lor
e 1 high volume: aulamaled pick and place ranufaciurng,
wmnating lead misallgament o Frinted ciroull boarg thraugh-
=3

= HIH-4030/8031 Saries Humidity Sansors are designed
S=cFcally for nigh valime OEM (Qriginal Equipmant
SSeutaclurer) Users.

S input 1o a controller or Clner device s mads possible by
T sens0r's near linesr voltage cutput, With & typical curren
ot only 200 LA tha HIH-403019D31 Seres is often idesly
e o law drain, batiary oporated systems.

St sansor In terchangeability reduces or sliminales CEM
Ruction calibration costs. Individual eensor caltrztion data
Weps=ighla.

“=ATURES

= Taoe and reg pAckaging aliows for uza in high yolume pick
=72 piace manufseturing (1.000 units per e and recl)
Woided nermoset plastic nousing

Near linear vallags oulout ve %RH

~Ezer fimmed interch angeabiliny

oW povar design

Shanced acou ragy

“a=! rogporse fime

=able, low drift performance

Semlcally rmsistang

¥

g

-

The HIH-40300403 1 Serias ::%e:’l'mirmrmmlsmn—:pﬂi‘!y RAH
{Reistive Humidity) SCNSinG paformanca b a compotithety
priced, soldorebis SMD.

The HIB-4030 s a coverad integiated circult hurmsdity senser
The HIH-4031 Is & covered, condensation-resistant, mfegrated
ciroult hurridity sensor that iz facton-fitted with 3 hydrophohic
fiter allowing it to be usad in condensing environments
Including industrial madical and COMMmEres! apoiications.
The RH sensor uses & lassr inmmed, themmosst polymer
Capaciive sensing slement wim on-Chip inegraled signal
conditioning,

The sensing elamani's multiiayer construction provides
excalisnt resistancs 1o most apohoaton hazarde suck as
condensation, dust, din, olis and comman Environmantal
chemcals,

Sdmple packs are gvailable. S8 arder guide:

_POTENTIAL ARPLICATIONS

= Rzfrigaration aquipment

* HVAC (Healing, Ventlation and Air Conditianing)
equipmant

*  Medical squipment

+  DOrying

= Metrology

* Balery-powersd sysiems

s OEM assemblies




-4030/31 Series

1. PERFORMANCE SPECIFICATIONS (At 5 Vdc supply and 25 "C [77 °F] Lirless sthemice st |

2tr Minimum | Typical Maximge o Specific
: Hole
engeahility (first order curve) - = — = -
™, 5H to 58% RH -5 = B w3 -
4 AH to 100% RH 5 - 5 = -
s=cy (besl fit straignt lina) -3.5 - 435 &

5 3 - = 7 -
ahility [ - 0.5 | - - = -
T = - m ] =

s tima {148 in slow meving alr) = | 5 ' - 3 =
= (3t 50% RH in-& year) - =12 - S R Z
W (=1 50% RAH in a yaar) - =5 S RH 3
s tupDly H 4 i - 55 Wic 4
tsupply ! = | 086 | _S60 i =
i cuipit (17 order curve fif) Vo=V -} (0. 0082 {zensor RH) + 0.16), typecal &l 25°C
ealure compansaticn Trus BH = (Sersor BHY L0545 - 0002167, T °C
wollage lemo. coatficiant gt B0% AH. 5V - -4 - mVC -
g tempetaiure -401-4401 Sea Figure 1, Bl 185] 'CI°F]
msng humidity (HIH-4030) ) | Sea Figura 1. 100 % BH
3 Rumidity (HIH-4091) | © | See Figure 1. 100 % RH -
b= lemparalurs -50[-58| - 128[257] ‘2] -
e hurmidity See Flgure &. % RH 5
=5ic Notes: General Notes:

SE2030031-003 catalog latings anly,

Becs 1= calirated at 5 Vde and 25 °C.

SmTannig no Numidity,

IS Y CALIBRATION DATA

~n only be achieved with the supplied slope and obset, For .

eudas feeting oulside of recommiandsd spemting zone.
W=udes 18sting for recommendad operating 2one only. *

SS9 Sensors may be ardered with a calibration and
Ut See Trble 2 and the order guide on the back

Sensor i mtiomstde to supply volage.

= Exlended exposura to =80% RH sauses a reversble
shift of 3% RH.

Sanzor |z light sensitive. For best performeance, shisld
sansor from oright light.

ee-condensing environment. When Tiguid water falls on the
Sty senzor die, autpul goes lo a low rall condition

ELECTROSTATIC

J2)

DB AT EFEF £ SLMBLE
FICF=T &1 & STATIE
PR WO OTRTON

2 EXAMPLE DATA PRINTOUT ESD SENS'TW'TY
HIH-4030-003 -
7 CLASS 3A
C30956M
2 337313
e values at 5 Y
-2 0% FH N.osg v
# 75.3% AH 3.268 V
sutput for 5.5% AH
ey &6l 25 =G
zal 0.958 Y
= 20,680 my/2RH
e AH (Vaur - ZETD OffsEsl0pE
(Ve - 0.958)/0.0807
s respanse for |
= 100% AH
Wiy (0.1915 to 0.8130)

ww oncywoll-comisensing



Humidity Sensors

 PGURE 1. OPERATING ENVIRONMENT (Non-sandensing environment for HIF-SE08 sstaiog, fssings ooy )
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SSURE 2. STORAGE ENVIRONMENT (Non-condensing environment for HEH-S030 cetslog BsSngs oniy )
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H-4030/31 Series

SUNE 3. TYPICAL OUTRUT VOLTAGE VS RELATIVE HUMIDITY (At 25°C and § Vi

e -
Eg
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A5 —
E Sermiy Repores
E Serar Ao
R —af:rﬂ:'

g

=]

W

na
L] 20 a0 B0 Bo 100

Relative Humidily (%RH|

SURE 4. TYFICAL OUTPUT VOLTAGE |BFSL) VS RELATIVE HUMIDITY (At 0 °C, 70°C and 5V}
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Humidity Sensors

FIGURE 5. HIH-4030 MOUNTING DIMENSIONS (For referance only. mm/in])

HIH-4030-001
HIH-4030-003

» pl 417 0,05
178 [0.164 +0.002]

[0.070] 2,27 0,05 ~3] l— 267
v | ‘ [0.080 +0.002) [0.105]

P v

R S 1~ %

[0.028] 0.41
J @ [0.016]
8,50 0,05 i
(0.338 £0.002)] ™

ol 1,22
@- IDTG] e

-ye Ve 2,54 J‘
QuT \HJH e 262 LB_T
+‘ | t ax r::'::a [D'mr::ﬂ— 2,95

1,27 | [0.015] 5 410)
[0.050] gas
[0.100]
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-4030/31 Series

WRE 5. HIH-4031 MOUNTING DIMENSIONS (For referenca only. mmiin])

HIH-4031-001
HIH-4031-003

4,17 20,05
78 [0.164 £0.002]

[0.070] 2274005  —»  je—257
¥ | [0.090 £0.002) 105

i ——————

] ;.znj
' T A 071 i
[0.028] c41
8.69 0,05 /I\ 00181
0,338 £0.002]

=
+
A

-ye +Je E,ﬁd — X
[0.100] i
OuUT ‘ ‘ A 252 _| I
I [0.103 | 295
->|] axX 0,38 ! -—— 5‘1151
m‘i Gzﬁ‘?u]—j le ‘ [0.015]
254
“"10.100]

#E 7. HIH-4031 PCE LANDING PATTERN {For relerence only. mmdin]}

o 254
09 i"'_ !
2.29

[0.08]

8,88

2X 1,27 (0:25]
g 7 [ y
mmr’H‘D 0_%
i/ |

¥ {E:'.Eg]
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=umidity Sensors

FIGURE 8. TAPE AND REEL DIMENSIONS (For reference anly. mm/In])
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FIGURE 5. TYPICAL APPLICATION CIRCUIT
+ Ve Supply Valtzge (5 V)
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COADER GUIDE

Catalog Listing | Description
_HIH-4030-001 Cevered Integrated circuit humidity sensor, SMD, 1000 units on lape and resl

HIH-4030-003 Ceovarad inlegrated cireuit humidity senscr, SMD, callbration and data priniout, 1000 writs on t=pe 2nd reel

HiH-4031-001 Covered, fitared integrated circuit humidity sansor, SMD, 1008 Lnils on fape and ==
HIH-4031-003 Coverad, fiterad imegrated circult humidity sansor, SMD, calibrafion and dats pririoct. 1000 urits o tane
and resel

HIH-4030-0015 | Sample pack: covered integrated circult humidity sensor, SMD, five uriis on taoe

HI=-4030-0035 Sample pack: coverad integrated circuit humidity ssnsor, SMD, callbration and date orntowt. five uni= on
- SRC——— l=pa
HIH-2031-001 5 Sampie pace: covered, fitered inlegrated cireuil humidity sersor, SMD. samaie pack fve unils on pe
HIH-203710035 Sample pack. covered, filterad inlegrsted circuit humidity sersor, SMD, caforation avd dats orintout, five
nits on 1ape

FURTHER HUMIDITY SENSOR INFORMATION
Sz2 |he following associated Ierature (s available on the Weo:
* Product instalstion instructions
+ Apclication sheets:
— Humidity Sensor Performance Gharacteristics
- Humidity Senscr Thaory and Sshavior
- Humidity Sensor Moisture and Psychrometrics
- Thermosat Palymer-brsed Capacitive Senzors

Haneywall Sensing and Sontrod T




WARNING

SUSE OF DOCUMENTATION

"% mfermaton presentod in this product sheet is far
s==rence cnly. Do not usa this document as & oroduct
s=a2alion guide.

“=mplete Installalion, operation, and maintensnca
womaticn is provided In the instnictions supplied with
S=ch proguct,

= 1o camply with these instructions could resuil
S==ih or serious injury,

A WARNING

PERSONAL INJURY

DO NOT USE these prsdirs sn sy = emamency slop
devicas or in any oiher Exlcssor wiwes fssurs of tha
product could resull In pessconet Fmay

/REMEDY
=l warrants poods of ite manufacture as being froe of
Swe malerals and faulty workmanship, Horeywell's
2 product warmanty apples unless agreed to othanwise
ll In writing; ploase refer to vour order
=gament or consul! your local sales office for specic
¥ detals. If warramied goods am miumed to Heneywet
+ D= perod of covarags, Honaywell will repair or replace,
sotion, withoul charge those ferms Il inds defective. The
=ng is buyer's sole remady and is in lieu of all other
=hes, expressed or Implied, including those of
tabllity and fitness for a particular purpose. In no
50all Honeywsll be liable for consaquentlal, spacial,

¢t damages.

=2 provide apolicaton ass'stance personally, through
ature and the Honeywell web sits, 4 s up 1o the
e fo detemminie the suilability of the product in the

=eations may changs without nolics. The infarmation we
= balieved to De accurate and reliabée as of this
However, we assume no responsibility for s use.

and Contral
el |
Seuglas Drive North
moalis, MM 25422
enaywell.com/sensing

Mach a0

22008 Hordywel Intamaticnal ne A1 gl menme

Failure to comply with ®ess meructors cowe resylt

In death or serious Injury.

SALES AND SERVICE

Honeywell 2arver s customees Brougs & woritecs ework
ot sales offices, represeniatives and Sestusary For
apghicalion assistancs, CUTesH soeafrmione. ey o Tae
af Ihe nearest Authorized Distrbutor, Contes your local ssies
offtcs on:

E-mail: info.ec@ honpywell.com

intermnet: wwa honeywell.comisanseg

Phone and Fax:
Asla Pacific +65 6I55-2878
~B5-6445-3033 Fax
Europs +44 (0) 1658 451481
+44 (D) 1698 451676 Fax
Latin Ammarica +1-305-805-5188
+1-305-B33-5057 Fax
UEA/Canads +1-800-537-5945
=1-815-235-6847

+1-B815-235-6545 Fax

Honeywell

OKNTAFN 150 0.0 Privegdin J8A
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FAIRCHILD

SEMICONDILICTON®

=ww fairchildseml.com

LM2904,LM358/LM358A,LM258/

LM258A

Dual Operational Amplifier

Features

o Tntermally Fregueney Compenssted for Unity Gain
* Large DC Voltere Gain: 10008
* Wide Poveer Supply Ranpe: _
LMIS8TMISEA, TMASRT MISRA; IV=32V {or 4] 5V
— 16V) i
IN2904 0 3-26V {or L1.5V ~ 13V)
* Inpuc Cammon Mode Valtaze Range Inolndes Ground
Large Clutprat Violtage Swing; UV DO o Voo <13V D
* Power Drxin Suitable for Battery Operetion,

Internal Block Diagram

Description

The LM2904 I M33E1 ME5EA [ NTRET MESEL s of
tornt independent, high gein. el S,
competsater] operalions] Sepiien =il v et
spegitically W oporetc from & Sepic powes =gy v )
wide renge of wikge Opaetion S i joes =gyl
is also poracible and the low pose spply comme San &
ndependimt of the magritude of S power soopiy wises
Application” arcas - include rensierer FeeiSer [T pain
blocks and all the convennional OF-AMP crooss wisch sow
con-he =inly implemenfed m smgle power sepiy ecss

E-0IP

—{ 7 oUT2
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LM20024, LMISELMISEA L MISA/LMISEA

Schematic Diagram

(One =ection only)
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Absolute Maximum Ratings
Parameter Symbol | LM258/LM258A | LM358/LM35EA LM2304 | Unit
Supply Vollage ere +16or32 |  ti6or3z £13 of 26 Vo
Cifferantial Input Voltaga VIDIFF) 3z 32 28 v
Input Voltage U 0.3 o 32 0,310 +32 -0.3 1o =26 h
Owutput Short Circuit to GND ; : T ¥
Veg<tSY, Ta = 25°C(One Amp) Continuous Conlinuous Continuous
Operating Temperature Rangs ToPr -26 =485 0= =70 40 * +83 “C
|_5|n:|rage Temperature Rangs T5TG =65 —+150 5% —+150 -65 ~+1560 T




LMTS0d LM ISE/LMISEA LM ZSELMISEL

Electrical Characteristics
(Voo = 5.0V, Ve = GND, Ta = 25°C, unless oierwise soscified)

| LMa2ss LM358 | LmMzZ904 |
Paramaete ymbol ditions f - Unit
Ectisecalll | % (Min.| Typ. Max. [ Min.[Typ. Max. Min.| Typ. [Max. -
Vem=0Vio Voo | |
Input Offsst -1.5¢
Vollags VIO Vo) = 1.4V, 28 B0 | - |28 70 = |28 | 7o | my
Rs=00
' Input Offset : i I J ' Sl
e o = |3 |0|-[s|e]-]|5|6|m
Input Bias ) 1o
ety 15145 - |45 (158 - |45 250 - | 45 | 260 | nA
Veo Vee
Input Voitage Voo = 30V | Ve o Il i
Range VIR) | (L m2904, vec=2ev)| B E 137 10 o
[RU==,Vcc =30V | ; :
Supoly Curont | 1oe | (12908, Veg=26v) 0B | 20 08 | 20 0.8 | 20 | ma
i : Ri==,Mcc=5¥ | - |[05|12]| - [¢5([12[ - 05|12 | mA
. Vieo = 15V,
o sg“'i" Gy | Ri=2k2 50 (100 - |25 (100 - |25 |100] - |viwv
o Vo = Wi 11V |
VOrH) ;u‘cr:=:3w Rz 26 - | = ™M =] = 2| - - Vv
Voo EL=
i —2BVIr (qokn |27 |28 | - (2r 28| - |23l | - | v
ng Lh2804)
Vo) |Vec=5V.R=10ka] - | 5 |20 | - | 8 |20 | - | & |20 [ =V
Commen-Mode =
Relection Rato | CMRR . ra(as | - (es|so - |80l s dB
Power Supply . - . 0
Rejection Ratio| PSRR 85 | 100 65 | 100 50 | 100 a3
Channel f=1kHz to 20kH=
2 - 3 . i 12 =
Stk CS | inote1) 120 120 0 dB
Shod Cireaits | .. . - |40 |60 |- |40|60| - |46/ ma
GND
Yl =1V,
Wiy =0V B il i
ISOURCE| v = 18y, 20 | 30 20 | 30 20 | 30 mA
\Iu.:p}!EU
Wij+) = 0V, Vi = 1V,
Gl S Voe = 15V, w4 ~ [Fo/] %] - 1wl W] o | ma
Voypy =2V
ISiNK —
s Vigs =0V M- =1,
Voo = 15V, 12 (100 - [12|100] - [ - | - | - | ua
Vaip) = 200mV
Differantisl '
i = = [ S = o W
Input Voltags Vi{DIFF) | eo Voo Voo
Nota:

1. This parametar, aithough guarantesd. & not 100% tasted in production.




LW Z904 L M2SE/LMIEEA, LMZSBILMETE A

Electrical Characteristics (Cantinusd)

(Vco= 5.0V, VEE = GND, uniess ctherwise speciiizd)
The fullowing specification apply over tha range of
for the LM358: and the -40°C £ Ta < +85°C for the LM2804

2590 2 Ta < 2850 for the LMZSE: and e 0°C. 5 Ta 5 +70°C

LM

| Unit

Ly

AR b

i Conditans .| Win Typ. [Max. Men.| Typ. [Max |
Vop =0V ta
Input Offset Voo-1.5V ; - lsnol v
Voltage ViR = 1.4V, :
A=z =041
Input Offset - : | - |
Veiage Drif Re =00 7.0 | pvi
Input Offset . - l . I
Current 45 | 200 | nA
Input Offsst - - :
Current Drifl = PACC
Input Bias _ 3 40 | 500 nA
Currant
Voo =30V Voo
Pl Seiee (LM2204 , 0 - e8] v
ge voe = 26V)
Vo =158V,
Sy e RL =2.0kQ 15 I
viag Voip = 1V o 11V
Vep=30V | RL=2k0 28 R IS I
Vcc= | |
Guigit Violtage 26V for | Ru=10KQ2 27 24 | - | v
Swing. Lng{lq:'
Vee =5V, Ri=10k0 - 5 | 20| mV
Vigey = 1V,
Vi) = Qv i O (19 A
Voo = 1BV 10 m
' Wi =2V
Cutpul Current VEE::; o
Vi(} = 1V o |l
Voo = 15V, 4 ¢
Vo= 2V
Cifferential ) )
Input Voltage B ~l"r':"3| v




LIS L Maes) MITEA, LMESE L MasEA

ik

3 Electrical Characteristics (Cantnued)
1'_ (Voo = 5.0V, V= = GND, Ta = 25°C, unless otherwise specified)
LM258A asss |
Condi i —  Unit
Parameter Symbal .nn tions Win.T Typ. i SR Uni
VoM = 0V o Voo -1.5V '
_rnput Offect Voltage '.r'|.ﬂ VoiF) = 1.4V, Rs - 00 - | 10 301} - § 28 l ¥ ] | mv
| Input Offset Currant lio = -2 |51 -08 | 2| m |
Input Bias Cument IB1AS & - |4 |80 -S| m ]
: :
Input Vollage Range Vil | Voo =30V 0 - ";cg I} ! - ::;: | v
E 5 ! -1 I
Ri = e Veo = 30V - |0B | 20 | -1 8B ] 20 | mA |
] & ” {
iy Suacnt i T == Veo=5V -5tz -1851 121 = |
Large Signal Vollaga VoG =16V, Ri=2k0 -
Gain BV VoZivio ity bl Bl B it Bl B AL
Ri=2e0) | 26 | - - =] - - v
. Vee = 30V
Output Vollags Swing | ' 07 | VEE R=wn| 27|28 - |22 | 2| - | ¥
Vo | Voo =8V, Ri=10kQy - 5 # - 5 20 my
Common-Mode ;
| Rejection Rallo CMRR 70 |8 | - |65 85 | - 48
Power Supply . -
Rejeation Ratio SRR €5 (100 | - | 65 100 d
Channel Separation CS |f=1kHzto20kHz(Notel) | - 120 - | - | 120 | - dB
Short Clreuit o GND. | Ise s - |40 ] 6 [ -4 | a0 | ma |
Vige ) =1V, Vi = oV ! ]
IsoURCE VCE = 15V, VO[p) = 2V 20 | a0 20 | Ao mA
Output Current e = :;’,;”.LE;;;’: R S T T A
N = O Vin = 1Y
1.+ = MY, Vin (=27 . =
V() = 200my 12 | 100 12 | 100 pA
Differantial Input _ ; ; y £ -
it ViiiFr) Voo | | Ve | v
Mote:

1. This parameter, although guaranieed, = nat 100% testad i productien.




LIAZO04, L MISH LMISEA, LMZSELMISE 8

Electrical Characteristics (contnusd)

{Vice = 5.0V, VeE = GND, uniess othenwise specifisd)
The following specification epply over the range of -25°C = T4 5 +=85°C for the LM258A; and the 0'C = Ta = +T0°C

for the LM358A
LM35EA LM358A
Parameter Symbo| Gonditions . = 4 Unit
Min. | Typ. Max. |Min. Tyg. | Max.
- - =
input Offset Viokage vio 33:;; fﬁ"g‘f = | - | < s pSEifen] wy
Input Offset Voltage Drift | AVIQ/AT - - rol 5| = |ro] 20 [uvrc
input Offsct Current e - -|=]a3a | -[=]7] nA
Inpui Offset Currant Dnft AlglAT - = 10 | 200 - 10 | 300 | pAHT
Input Bias Cumeant lBlas - - | 40| 100 - 40 | 200 | nA
irput Commaon-Mode i Ves vee
Valtage Ranga ViR) | Vec=00¥ " 2o | ° zo| ¥
Ry =2%) 26 - - 28 - - W
e ViogH) | Veo =30V | ———— = o |
Qutput Volage Swing Ro=10k0d | 27 | 28 - 27 | 28 - Y
Vol | Vee =5V, Re=1ok0 - |s|2 | - | 8] 20 | mv
=1 -
Latge Signal Voliaga Gain| Gy 3&“;] Tt las] s | < [ =) = [y
- Vi = T Vi =10 : I =
ISOURCE | yee = 15V, Vopy=2v | 0| *° 10 | 30 mA
Cuiput Gurrant
ISk Vigey =10 Sl = O 5 | 9 - 3 | B - i,
Vo =13V, Vaip; =2V
Differential Input Voltage | ViDIFS) - - - |¥Meo| - - |ven v




LCSEs LMOSULM 2504, LM258/LM 2584

Typical Performance Characteristics
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LM2504 LMISEA MASEA | MISErLMISE A

Typical Performance Characteristics (corunuza
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Figure 7. Input Yoltage Range vs Supply Voltage
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L L WSRO M ISAA LM ISELMISAA,

Mechanical Dimensions

Package

G000
CL252 0 oa
-— -

e Al

Dimensions i mllmess
8-DIP
mi"
JE ol 3
e~ 1
== 5 %8
==l i
= 1
3 | g|% ]:[F> T ’
= 35 ———1—
[ | i e
E [ = —
b4 =]
g
2,30 L3l
%rfu MAX | 0.130 ioc12
340 020 033 o
0,934 #1008 | i ™M
D.‘Iﬁ_u:"li_

—— S0.0h8
G210 2.2
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LBAZ904 LMISAMLMISEA LM25A/LNISEA

Mechanical Dimensions (continuec)

Package
Dimensions in millimetars
8-SOP
01028
MIN ————
15502 0.004-0.001
‘0.091 =hoce
n::‘ﬂ
S8
#10T | Q 1 J#8 ‘ I .
' 8
= 3] 88
- o %R S| A
| Wiz
e 1 L 1 g E
60000 ; i
2 0238 o0o13 B0 max il
g e 2
th*ﬂki:g 285 29
|§‘§i5‘|g 0.158 +1.008 §§




Ordering Information

LT L WREN MISEA L MESEILMISEA

Product Number Fachﬂga Operating Tempessturs
§=
LM35BN | apip
LLhJ':-'IE.:E.EBM O£
8-S0P
LMAEBAM
|
LM2804N 80P e
LMZE04M B-S0P
LLN.T::BTN il
LM25aM S
------ 3-30F

11




LM2304 L MISE/L MIEEA LI TEI \ZSE A

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
BRODUCTS HEREIN TQ IMPROVE RELIABILITY, FUNCTION OR DESIGN. SAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATICN DR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER
D03 IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS,

LIFE B3UPPDRT POLICY

FAIRCHILDYS PRODUCTS ARE MCT AUTHORIZED FOR USE A5 CRITICAL COMPOMENTS M LIEE SUPPORT DEVICESR
COR SYSTEME WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR
CORPORATION. As used hergin:

1. Lite suppot devices or systems are devicas or systams 2. A critical component Inany camponent of 2 Tife support
which, (&) 2ra Intanded for surgica’ ireplant intn ha bady, deviea of svslem whose filure o perform csn be
oF (b} suppon of suslsin (e, and (e whase Rallure lo reascnably expected 1o cause the failure of the ifa 2upgon
pertorm when properly used in scoordancs with devioe or system, or to affact ls safety or efecivenass.
inatruatons far use provided inthe lateling, =n te =
regsonably sxpactad o resull In a significant injury of e
usef

‘weval TaireRd durmi nnm

BEAE C G 901
SROCh N Saor s
= 2002 Teirzhild Samicondielor Coescrnaiing




This datasheset has been download from:

www. datasheetcatalog.com

Datasheets for electronics components.
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May 2000

Natitonal Semiconductor -

LM78XX
Series Voltage Regulators

General Description

Tha LM78XX sarics of thrés lemmins! reguiators is Fvaisbis
with soveral fised cutput valtages making them usetdl in a
wide range af application=. Gne of these (= locs! on card
raguletion, eliminanng e distibution problorms assocsindg
wilh gingle point regulation, The vailages aveidsble slow
thaza ragubatons 10 be wsed in logic systems. nstremantz-
tion, HFi, and othar sclid =i3le electmnic sgupment A
though designed primarily as fixed vollage regulsiors these
devices cen ba usad with sdemal comoonents Lo obian ad
jusiable voltzpes and currents

Thie LMVEX X series |5 avallable in an sluminum T0-3 pack-
ege whizh will sl over 1.04 lnad cumrenl i pdenusie best
sinking Is provided, Gument limiting 15 inciecad to im he
peak aulpul curanl in 5 safe value. Sale area prolection for
e gutput trensistor & provided 1o Gmit intemal power dissi-
gatian. |l intemal pewer dissipaton becomes 1oo high fof the

put, sfihough (s does Imprave ransent responsa. inpul by-
PeZing is-neadad anly IF the regulator ks Iecaied S from he
Bor capacilor of thia powet supply

For oulpul voitage ather-than 5V, 12V and 15V the LM11T
=0om pronadies an output vollage range from 1.2V o 5TV,

Features

Dutpart curem i expess of 14

ntemal thormel overload crotection

Mo axlome! components requied

Dustout trenaistar <ale area profection
Al shorl oifcuil current limit
Avaiabie in the aluminem TO-3 packacs

Voltage Range

Reat sinkirg provided, the thasmsl shuldown drooil Bkes ?'MTB:S': Vv
over prevanting the |G from gvermeating LM7g1ac 2y
Consizerable oo’ was expanded 1o make e LVTEXY se-  (LMTB15C 13w
rieg of regulziors easy lo use And minimze the number of
extemal components. It is nal necsssary o bvpass the out-
Connection Diagrams
Metal Can Package Plastic Package
TO-3 (K) To-z20 (M
Aluminum
CUTRAN - - — ML But Fut
Euf L L]
- O | Wy
U T — e L ]
T T Tﬂp u.lw
Battom View Order Number LM7B05CT,
Order Number LMT803CK, LMTB12CT or LMTE15CT
LMPE12CK ar LMTBISCK See NS Package Number T0IB

See NS Packapa Numbear KCOZA

& 2000 Matiomal Sericonducior Corareton

[ R

e matioral Gom

sioje|nbay abejjop saliag XX8LIN
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==
. Absolute Maximum Ratings e : Maximum Juncticn Tampeaturs 2
I i Military/Aerospece specified devices ere reguwes, {¥ Package) 150°C ;‘
please contact the Nalicnal Semiconductor Ssies 0 ca’ T Packags) 150°¢
Ditrihotors far avallabiiity and specifications. Sworane Temperature Rangs LS50 1o 4150°C
Input Yotage Lead Temparaturs [Solderng, 10 ==
Vo = 5V, 13V and 15V) aEy TG=3 Package K 300°C
Internzl Pewer Dissipetion [Note 1) Iteraly Lmtee TO-220 Packape T 2w
Dparsling Tempersture Rznos [T.) 0Cip +70°TC
Electrical Characteristics LM7BXXC nee 2
0'C =T, = 1235°C unléss atherwizs nolsd.
Output Voltage ' SV 12V 1oy
Input Yoltage (unicss olherwise nobed) | 10V 19V iy ) Uit
Symbol Paramieter Conditions | MEn | Twp [ Max | Min | Typ | M=z | Mis | Typ |
Ve Culpul Vollsgs Ti=25"C;5mA si,= 1A | 4B 5 532 | "ns 2 1251k = 58 L
Po<i5W 5mA<i; = 1A (473 25 (114 125 1A =I5 W
Visin = Yo S Vieax: | sV s2h S5 Vg s TE sVt )
| I 1]
A Line Ragulaton =500 T = 26°C | i I 4 12 £ =] v
i |
AV, [TV, <25 HE <V _<30) ey = W
. a0}
e Tj=+125°C 50 120 158 Y -
AV, BEV=20) | {155V, <27 1B.5 £\, W
)
I ls = 14 Tj =280 54 120 150 | my
| A (TSsVus20) | (48=V, < 1T V< v
a7 am
| @G« T <4125°G P B0 oWy
AV (B =Va=12) (1= Vs 22) (20 5V = 2E) W
AV Losd Reguistion | Tj=25'C | S5mAslss 1.58 0 50 12, 120 12 150 | mv
250mA ], < 48 B | omv
[ —— fal maA
AmAsla=1A 0C=T)= e 120 150 e
+125°C ; = — —
I=, Qiescert Current | 155 1A T =25C B a i mh
L s Tja+125C 8.5 | 5.5 85 | mA
M Guissnant Cumenl | GmA = |y 5 18 da £i9 0.z &
Change Tl =25G, Ixs 1A 1.0 1.0 1.0 i
Wi = W e Wi ITE=sYy =20) | (48 =Vus 2T) (178sVus '
am)
Iy = 500 ma, 0'C = Tj= -125'C 1.0 1.0 1.0 A
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Typical Performance Characteristics
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Datasheets for electronic components.




	1.pdf
	0(1).pdf
	22 001(1).pdf
	22 002(1).pdf
	22 003(1).pdf
	22 004(1).pdf
	22 005(1).pdf
	22 006(1).pdf
	22 007(1).pdf
	22 008(1).pdf
	22 009(1).pdf

	2.pdf
	22 010(1).pdf
	22 011(1).pdf
	22 012.pdf
	22 013.pdf
	22 014.pdf
	22 015.pdf
	22 016.pdf
	22 017.pdf
	22 018.pdf
	22 019.pdf

	3.pdf
	22 020.pdf
	22 021.pdf
	22 022.pdf
	22 023.pdf
	22 024.pdf
	22 025.pdf
	22 026.pdf
	22 027.pdf
	22 028.pdf
	22 029.pdf

	4.pdf
	22 030.pdf
	22 031.pdf
	22 032.pdf
	22 033.pdf
	22 034.pdf
	22 035.pdf
	22 036.pdf
	22 037.pdf
	22 038.pdf
	22 039.pdf

	5.pdf
	22 040.pdf
	22 041.pdf
	22 042.pdf
	22 043.pdf
	22 044.pdf
	22 045.pdf
	22 046.pdf
	22 047.pdf
	22 048.pdf
	22 049.pdf

	6.pdf
	22 050.pdf
	22 051.pdf
	22 052.pdf
	22 053.pdf
	22 054.pdf
	22 055.pdf
	22 056.pdf
	22 057.pdf
	22 058.pdf
	22 059.pdf

	7.pdf
	22 060.pdf
	22 061.pdf
	22 062.pdf
	22 063.pdf
	22 064.pdf
	22 065.pdf
	22 066.pdf
	22 067.pdf
	22 068.pdf
	22 069.pdf

	8.pdf
	22 070.pdf
	22 071.pdf
	22 072.pdf
	22 073.pdf
	22 074.pdf
	22 075.pdf
	22 076.pdf
	22 077.pdf
	22 078.pdf
	22 079.pdf

	9.pdf
	22 080.pdf
	22 081.pdf
	22 082.pdf
	22 083.pdf
	22 084.pdf
	22 085.pdf
	22 086.pdf
	22 087.pdf
	22 088.pdf
	22 089.pdf

	10.pdf
	22 090.pdf
	22 091.pdf
	22 092.pdf
	22 093.pdf
	22 094.pdf
	22 095.pdf
	22 096.pdf
	22 097.pdf
	22 098.pdf
	22 099.pdf

	11.pdf
	22 100.pdf
	22 101.pdf
	22 102.pdf
	22 103.pdf
	22 104.pdf
	22 105.pdf
	22 106.pdf
	22 107.pdf
	22 108.pdf
	22 109.pdf

	12.pdf
	22 110.pdf
	22 111.pdf
	22 112.pdf
	22 113.pdf
	22 114.pdf
	22 115.pdf
	22 116.pdf
	22 117.pdf
	22 118.pdf
	22 119.pdf

	13.pdf
	22 120.pdf
	22 121.pdf
	22 122.pdf
	22 123.pdf
	22 124.pdf
	22 125.pdf


