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The care of premature newhorns often requires that they be in an environment
in which temperature , humidity , and oxygen are elevated and controlled because
they are unable to regulate their own temperature and their lungs unable to supply
enaugh oxygen to meet elevated demands | therefore they placed in an incubator to

control these parameters .

In this project we designed a feedback control system to control the infant
incubator parameters including temperature , humidity and the oxygen by use
microcontroller unit, and the project include the graphical user interface design which
used in the PC.
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Chapter 1

Introduction

L1 Project Description
1.2 Prouject Objectives
1.3 Time Pian

1.4 The Estimated Cost And Budgel Breakdown
.5 Risk Management

1.6 Description of Project Parts




It's vbvious that biomedical engineering techmology has a great imporiance on the
health-care field which makes our hfe easier and more comfortable This is because it
offers Lo us what we need to make it easy to the human life, the reason of being a live as
much possible by devclopment and construct of anew different equipment and Lools that
service these goals.

There arc a lot of types of these equipment or devices with different specification
usage. In This project we will have one of these equipment that have magnificent
mmpartance in health care ficld this device is the infant incubator

Premature infants born hefore the end of a full intra uterine pregnancy, so they
have some difficulties in controlling (temperature, humidity and oxygen) to this these
babies who need special care to maintain a healthy body temperature, regulate oxvacn
concentration, also hurmdity level

The care of premature new horn may requircs to put them in an environment in
which temperature is clevated and controlled, because they are unable to regulate their
own temperature, when infants are kept m a small sized house, they maintain with
specific temperature range and oxygen concentration and humidity level tao

By placing an infant in an incubator doctors and nurscs can sel and monitor
different aspects of the child's environment in order to create ideal conditions for
survival In addition to the regulating ol oxygen, temperature and humidity level:
incubators protect infants from pollutants and infection.

In this project we will design and build an electrical system that controls the whole
incubator  parameters  including (temperature, humidity and oxygen) by using
microcontroller and special sensors to create the best environment for the growth of
infiants inside the incubator.

-
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The time planning includes two time schedules, the first onc shows what is done
in the first semester and the second shows the tasks scheduling for the second semester.

Task / Week 1[2]3]als[a[7[8]olw|[1nn12[13]13]15] 184

Literature Review

_llwign and Analysis

Documentation
Tab (1.3): Time Planning (first semester)
| Task/Week 17/18 12 20 31|z,1 23[24[25]26|27 2829 303132
Implcmentation

Svstem Testing

- Documentation

Tab{l3) Time Planning (sccond semester)

1.4 The Estimated Cost And Budget Breakdown

This section lists the overall cost of the components that will be used to implement

Lthe system
Component Quantity Price

(Encoder) 74922 2 40 NIS
Microcontroller (MC) BoS1 2 40 NIS
LCD 2 S0 NIS ]

 E-PROM (27C64 ) 2 | 30 N]S
TMP.Sensor LM 35 3 | I5NIS
HUM.Sensor 2 S0 NIS
Keybad 1 40 NIS
ADC 0808 - 2 40 N1§




| 74LS00.741L.802,74L.504 3,3,3 4,4,4 NIS

T4LS373,741.5244 22 8.8 NIS
Switches, Relavs 6,5 5,12 NIS
Buzzers 4 10 NIS
Crystals 5 5 NIS
Potentiometer I 3 NIS
LM 324 5 | 5NI8

' Board _ — 50 NIS

. Wire Rapping -— M NIS
Power Supply 1 50 NIS |
Resistors, Capacitors, Diodcs | 30,30.5 | 0.25,0.35,1 NIS
Heater, Fan 1,1 S0,50NIS
Exiras —- 200 NIS
Total | | 1300 NIS

Tab(l 3} The Estimated Cost And Budget Breakdown
There are many risks can be occurred during implementing the system processes;
determining and analyzing the system requirements, designing . implementing and
testing the whole system,
1.5.1 Technology Risk
Technology risks can be classified as hardware and software risks:

¢ Hardware risks includes .

» Maltunction of any system component

« Some chips unavailable or cannot be obtained easily.

= Chips behaviors can be affected by environment changes.
s Interface connection Malfunctions.

% Software risks includes:
« The program may lollow undesirable algorithm.

1.5.2 People Risks

« Hlness of group members.
* Member of the team becomes unavailable for anv reason.




Organizational Risks:

* The system component arc Very expensive 1o be obtained
» The graduation projects lab is not apened [or any reason.

1.5.4 Requirement Risks:

* The specified requirements are not elear
*  Riskes that might ocour if new changes are required in the system equirements
that ieed major changes in the system design

1.5.5 Risks Avoidance:

laking care when using hardware components and using them according to

their specifications,

» Taking care of the team’s member’s health during the project development.

*» Determining true system requirements,

* Including an exira amount of the hardware components we already have, so
when any problem oceurs we can find an alternative for the companent we
lost.

*  Work as a team if any mission cannol be performed by any membcr for any

reason other members should be helpful

e L ATy, e ..,-'pr Tt T, T,
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This Project contains eight chapters, and these chapters can be summarized as (he
following:

Chapter 1: This chapter gives a general idea and an introduction about infant
incubator, also aboul the whole project

Chapter 2: Describes the prematurc infants and their classifications, also infants
physiological test (APGAR)

Chapter 3: This chapter talks ahout the mecubators (history, types), also the Black
Diggram of the incubator

Chapter 4: This chapter includes the control and the sensing system
Chapter 5: Talks about the microcontroller which is (8051).
Chapter 6: Talk about the hardware and software implementation.

Chapter 7' Talk about the testing

Chapter 8  Talk about conclusion and future work
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Chapter 2

Infants

1.1 Classification of premature infants

2.2 Infunts Physiological Test

2.3 Summary




Premature infants are babies born before the end of a gestation period of two
hundred and sixty days, and these babics need a special care to control their problems
such as temperature, humidily,and oxygen

T

1 Premature infants, with no pathological changes.
2, Premature infants, with pathological changes, duc 1o
a. Constitutional disease and chronic infections in the parents
b. Maternal factors influcncing the fetal nutrition, such as overwork under
nourishment, and acute illnesses during pregnancy.
Local conditions in the mother,
Multiple pregnancics.
Constitutional delects and congenital malformations in the fetus.
Infants born to parents late in life.
3. kull-term infants with pathological changes [3,12]

L R

Why premature need a special care??

Many premature infants. born before the end of a normal termibetore the end of a
full intra-uterine pregnancy), and consequently their organs are not fully developed. so
these infants need special care untill the organs are completed, also the premature
infants and full-term (vounger) infant when leaving the uterus, their physiological
systems are under developed making the mfant vulnerable to a number of health
complications [3].

% Jaundice caused by an immature liver.

“ Respiratory complications caused by fragile, underdeveloped lungs.

< immature response of the nervous system Lo cold stress. this may cause
death.

% Heat is lost via evaporative, conductive, convective and radiative means as

shown in [igure (2.1).
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Fig(2.1): loosing temperature

In study of prematurc and congenitally debilitated infants at least two Factors in the
life history of the fetus must be considered
1. the term of its intra-uterine life
2. the state of its functional development at birth s evidenced by the presence or
absence of an inherited disease [12].

The newbom is commonly assessed with the APGAR score a quick tesl
performed at 1 and 5 minutes after birth to determine the physical condition of the
newborn as shown in fig (2 2)

% APCGAR mean:
* Appearance: Skin color
* Pulse; Heart rate.
* Grimace Reflex irritability.
* Activity: Muscle tone.
* Respiration' Respiration [13].

“* APGAR it is a simple and repeatable method to quickly and summarily assess
the health of new born children immediately aller the child birth.

% The APGAR score is determined by evaluatmg the new bom baby on five
simple criteria on scale from zero to two . and summing up the five values thus
abtained.




% And if the scores below 3 are generally regarded as critically low, with 4 ta 7
fairly low and over 7 penerally normal [12,13],

The Agga® sCare palisi;

Five categories are assessed

He-wpliaiiom, crying
Rtbrwey, rrmabificy
ﬁ Puise, heart role

‘o ot of Bogy
A TRy
l M io mnn

aVE TN

L

» Heart rate

« Respiratory eflort
« Muscle tone

= Color

« Reflex irritability

Fig (2.2); APGAR test

Each of these categories is scored with 0, 1 o2, depending on the observed
condition of the newhorn, as shown in tab(2.1).

Score of §  Score of 1 Score of 2 Acronym
. ~_ blue at
Skin color blue all over etreritities normal Appearance
Heart rate absent <100 =100 Pulse

notesponse grimace/feeble  sneeze/cough/pulls
Reflex irritability to ory away Grimace
stmulation  when stimulated  when stimulated

Muscle tone none some flexion active movement Activity

Respiration absent weak or irtegular strong Respiration

Tab (2.1) The five eriteria of the Apgar score

It is concluded that any infant baby, wha has been bomn hefore normal needs f
special carc, which is achivied by putting the baby in an instrument that controls his
emperature this instrument is called the incubator which we will talk about in this
research.




3.1 Deflinition

3.2 History

3.3 How it work!®

3.4 The air circulation in the incubator
3.5 Types of incubators

3.6 Block diagram of an incubator

3.7 Instrumentation




P'remature infants are babies born before the end of a full  intra uterine
pregnancy, so they have difficulties in controlling (temperature, humidily, and
oxygen), so these babies nced special conditions to adjust the temperature, regulate
oxvgen concentration, and humidity level.

So that very little house sized designed o fit the space and fumctional
requircments of an infant occupant, this design called an infant incubator '

[nfant incubator is a device used during the care of such in-risk infants and
designed with the intent of producing environmental conditions that suites to each
umique infant particular needs.

Keeping small babies warm swaddling wilh
multiple layers of clothes, providing body prior 1o the eighteen
eomstant with the mother. CEMTury.
Von Ruehl warming lube 1835
First idea to construct an infant icubator 1891
First infant placed in an exhibit incubator in 1901
India ! L |
A study released on regulating the infant 1907
body temperature
First incubator proposed a mechanism for | 1932
| the additional of oxveen supplementation |
A repott on the improved survival of a new I'E'iE
born infant nurtured with humidity has
released [1.5]. Lipt to day
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The mattress where the baby lies is completely enclosed by a clear plastic
canopy. The temperature in the incubator is mcreased by a heating element below the
mattress. A motor driven fan near the heater brings in fresh air through a filter and
blows it post the heater, warming the air the air is directed up through slots into the
area above the mattress and circulated around. The air temperature is monitored by
‘emperature sensor and is adjusied by controlling the current to the heater,

The incubator can also monitor the baby's skin temperature probe  which is
stuck onto the skin . The user can set the incubator to control the temperaiure of the
baby’s skin.

Oxygen supplementary can be taken in by an oxygen inlet connection where it
is mixed with the fresh air through the filter.

The humidily can be increascd by the use of wates baths (passive
humidification) or by dripping water on a heating element (active humidification)
The baby is cared for through special access called arm ports [7.9].

I'he forced air circulation system of the incubatar

= Permits stable temperature contral

® Uniform heat distribution

s [Humidification

= Effcclive isolation of the infant from air born conlaminants
* Control of oxygen concentration.

In the air circulation with elosed door in fig (3.1-A), the circulation will be
around the x- axis in order 1o spreed the heated air around the infaat baby.

In the other hand the air circulation with opened door in fig (5.1-B) will be
around the y- axis in order to keep the heated air inside the hood [6].

A) Alr circulation with closed door B) Air circulation with opened door
Fig (3.1): Air circulation




There are many different kinds of incubator, and they variate in the details how
they are constructed, heated and controlled. Inspite of these differences, they provide a
mattress for the infant to e upon when surrounded by a warmed microclimate that is
controlled by a logical system governing the amount ol heat needed to keep the
environmental temperature within a limited range and the types of incubators are:

1) closed incubator

= In this incubator the microclimate is
produced within a nigid walled chamber,

* They are heated by using a fan 10 [orce air
over 2 metallic heating cotl prior to enter into
the infant chamher [1]
¢ This type includes :
% lIntensive care ineuhator (IC):-
e Must be found at any hospital in the

intensive care unit, and emergency part, as
shown in fig (3.2).

e It is the most imporant type because it provides controlled environment for
(temperature. humidity, and air flow) [7]

% Transport incubator:-

¢ This incubator has a light and an casily movable one.
e It is safe

*+ Ii can be carried by an ambulance because of its small size [11]




2) Open incubator

o It has no wall .and (herefor no chamber
surrounding the mattress.

= They need to the be heated by using a radiant
warmer focused over the matiress area |1].

# This type includes

% radiant heater
* It is designed to provide a quick and an

cifective treatment for new bom who sulfer
from extreme heal loss as shown in fig (3.3).

= [t is not supplied with axvgen source. Fig(3 3) radiant
warmer

[
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Fig(3.4): Block diagram of an incubator
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1) Power supply

» 220V.50HZ

* Supplise DC valtage to feed the electrical arcuit such as 5V, 12V, 18V, 24V
for 1C's.

2) Front panel

* Front panel is the interface part that gives us the external controlling process
on all machine variables (temperature. humidity. and oxygen).

* In front panel, we also see display and indicators, which give us feedhack
aboul the setting values,

* Also contains alarm sienals in different colors (each type of alarm has 3
speeial calor).

3) Filter

* Filters are used for preventing the air born bacteria and any impuritics.
* Filters must be exchanged every three months, Six months or at any time
needed

4) Fan

* Fanis used to circulate the air through the incubator,
¢ Tt may be worked by (AC) in general and rarely by DC,

5) Heater !

® The source of heal

6) Humdifier

* The heated air passes through the humidifier to be humidified to certain
level

* The water must be cleaned and checked perindically.




7) Processor
¢ Main unit that used (o control daia traffic into and oul from the incubator
§) Incubater

® The enclosed box which provides the infant with the controlled environment.
* It has doors for the nurses in order take care of the babv,

S .
Far e u-ﬂ--:-'::..
s
PR Sy I
S L
T

Fig(3 5): View of an incubator

1) Hood lift handle: used to lift hood assembly for cleaning and maintenance.

2) Hopd hinge latch: located on the right rear corner of the incubator, latches hood
assembly in open position: released when depressed.

3) Mattress clevator levers. used to position mattress in fowler or trend elenberg
position.

1) Iris entry port. provides aceess to infant compartment.

5) Access door release/latch release/latches access panel

a) Access panel relcaselatch: rotates to latch or release acosss panel,

7) Humidity fill pipe: provides means of filling humidity reservoir,

3) Tubing access port; provides routing for tubing probe leads, ete. into infant
compartment.

9) Castor lock: |ocated on diagonal corners of cabinet stand, restricts incubator
movement,

1) Oxygen input connection: located in the rear, provides connection point oxygen
limated [6,7].




4.1 Temperature control
4.2 Humidity control

4.3 Oxygen control

4.4 Warning alarms

4.5 Failure alarms

4.6 Sensing system
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To control the environment inside the hood of the incubator we have three main
control circuits:-
*  Temperalure contral
Humidity control.

=  Oxygen control

In most incubators there arc two ways of controlling temperature:
*  Airtemperature mode.
® Skin temperature mode.

In both ways the heaters output will be proportional to the amount of heat required
to maintain the desired temperature [3],

4. 1.1 Air temperature mode

Incubator temperature is regulated by means of the temperature sensor located in
the air path because (the control of temperature is achicved by means of a forced air
circulation system) [ 7]

% The incubator temperaturc can be maintained from 22 C° to 38 C°.

% The temperature is sensed by # probe located below the desk compared with
sat pont,

** The initial set point is preset to 35 C° + 0.1C°, and the incubator will heat up
to this temperature until the setting is changed.

** An additional sensor can be used to monitor and control the maximum air
temperature and at this time an alarm is activated and the heater shut off As

shownin fig (4.1)




Temp sensor ™ Teater/on
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Fig (4 1) Temperature control Block diagram

4.1.2 Skin temperature mode

oo

s
<
4

T'he thermistor is placed against the skin of the infant, and the controller is
set to mawntain the infant’s skin at a given temperature,

In this mode the fant's skin temperature can be maintained at 2
temperature from 34.0 (o 37.90 C° as selected by the user,

In the air temperalure mode the alarm is activated when temperature
exceeds 39.0 and 40.0 C°,

Skin temperature mode use more accurate and expensive probes that those
used in air the temperature mode [6].

4.1,3 Temperature Regulation

o

Temperature 1s measured in degrees. I is usually given in terms of degree
celsius (C°), degrees Fahrenheit (F°), or degrees Kelvin (K°). The Celsius
scale was determined such that 0C° is the freezing temperature of water
and 100 C* is the boiling temperature of water (at one atmospheric
pressure), The relationship between the various temperature scales are:

* ("= 5/9%"F-32)

e ' =9/5(C" + 32

« K°=(C"-27315

T'he temperature -273.15 C° (or 0K®) is the absolute zero. The internal body of the
baby requires a constant lemperature (about 37 C% in order to function effectively. The
biological system is supplicd with a sophisticated control system. that keeps this
temperature (the Systemic Temperature) constant in spite ol vast variations in ambient
temperatures and heal producing body function [6,7].




4.1.4 Block diagram

Temperature —controlled air is passed through the chamber in which the haby is
located to maintain it ar a set temperature,

The temperature is controlled in modem units by means of the propaortional
control system shown in the following figure(4.2).
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| Fn“ en B i

. == — —— —
Bridge Amnplifies oo v, Vas GHlicen |
|___ - np j,- [N TR P el I:;-_:lr.l-'n:l-- M. comd rolled
==l Switels

N

l_ﬁu._:u__l

| Ser  Femx L_ 1-HZ
Heaxivion o roeah
Lo TT L R Y

Fig (4 2); block diagram of temperature control cireuit

The temperature in the air supply ling varies a thermistor resistance that is
compared with a fixed resistance that corresponds (o the set temperature. I the
wemperature of the air entering the infant's chamber is lower than the set, temperature
power is applied to the heater to correct this differcnce in the proportional controller
systemy, the amount of power applied Lo the heater is propartional to the difference
setween the actual air temperature and the set point. this means that the amount of
power decreases as the temperature approaches the set point.

The control system uses the thermistor in a bridge circuil with the set point
resistance as another ann of the bridee. The bridge output is amplified, giving the
voltage Vi1 at the output, which is proportional 1o the difference in temperalure between
the thermistor and the sct point .a 1-HZ low frequency saw Looth generator produce
woltage V2 having an amplitude equal to the maximum value of Vi over which
propartional control 15 desired, then vi and v are compared in & comparator circuil that
produces an oulput voltage vs during that period of time when vi is greater than va.

This voltage, in turn, controls a gate - pulse generator that produces turn-on pulses
for the silicon —control switch while va is high. The silicon control switch allows the
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power - line voilage to be applied to the heater of the incubator during the period of time
when viis grater than va

Thus, as the temperature approaches the s¢t point vi decreases toward zero. This
reduces the interval over the saw tooth cycle during which heater power is applied. there
by reducing the output of the heater [7,9].

= [It's important to control the humidity level in any incubator because the
infant losses temperature in different ways.

4 Ifthe level of humidity is low the baby's skin will be dry and cause a
lot of health problems to him

%+ The umidity control is done by comparing the sensed value of humidity
(which sense by the humidity sensor) with a set point humidity which is
adjusted by the operator. The humidity incraeses the amount of vaporization
water, and then increase the humidity concentration. As shown in fig (4 3)

fa].
Humidily Imicrease
SEAS0T | |, Vaporize
»—#  Microcontroller H20O Heater
set point — Dcreass
Humidity o Vaporize

Fig (4.3): Humidity control Block disgram

4.2.1 Definition
* Humidity is defincd as the percent of the water molecules that carried by the
air.
% The passive humidifier is active whenever the waler is in the fl tray
(champer),

4.2.2 Humidity reservoir

Humdity champer in the incubator must be
completely drained and refilled daily with distilled
water. This is shown in figure (4.4),

Fig (4.4): humidity champer.




4.2.3 Humidity probe

Humidity transduccrs principle is the capacitive
changing types that mean any change in humidity will
cause a change in capacitive and the change in
capacitive will be translated to a change in voltage
using bridge circuit

= ___.___' i ..IJ‘__.—-.‘— —
Fig (4.5) humidity transducer:

» The air in the room must be (approximately 35 lpm) and this can be handled
through the air/oxygen intake filter by means of the motor driven impeller on
the controller,

% Since the amount of the room air is controlled by the impeller/filter. the
characieristics and the amount of oxygen is controlled by the flow meter
setting. Prediclable oxygen concentration within the incubator can be
allained

% When oxygen flow exceeds 8 Ipm, a valve within the oxygen inlet housing is
activated to resirict air intake so that higher Oxyvgen concentrations can be
achieved withoul excess oxvgen [low, At 12 lpm meaximum air inake
restrictive is achieved.

% The total flow of fresh and recirculated air is directed post the air flow sensor
and around the heater with a predetermined portion being directed over the
humidity reservoir for humiditier As shown in fig (4.0) 9]

[ricrease (32
—
Orsygen cell A/D Ox
{Flow w Crnitti: — Microcontroller ?ﬂ"jfj;n Decrease 02
—_—

Fipure (4 8): Oxygen control Block diagram
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4.4.1 High temperature warning alarm

The high temperature alarm indicates a difference in excess of 1.5 C° between the
set temperature and the temperature measured inside the incubator environment, with
the incubator temperature higher than the set temperature. The high air temperature
alarm sounds when the air temperature is 1.5 ahove the control temperature sctting
[6,9].

T'he high air temperature alarm has two modes of operation:

1) The alarm mode
Which indicates a pussibly dangerous condition, in this mode (he air temperature alarm
LED will flash and the audible alarm will sound This mode ndicates an alarm
condition in which the air temperalure has risen unexpectedly and this may endanger the
mfant,

This may be causcd by the tollowing conditions

* The hood door has been left open for an extended period of time
* The incubalor is in direct sunlight

The incubator should not be lell in direct sunlight _This is due to the fact that the
sunlight will heat up the air temperature inside the hood, which may cause the air
temperature to rise Lo a dangerous level even when the incubator 's heater is off

2)  The indication mode

This indicates that the air temperature is too high in this mode the high air
iemperature alarm led will flash but the andible alarm will not sound .The high
temperaturc alarm led is only being used as a warning that the femperature is too high
This condition occurs when the control temperature has been lowered but the incubator
has not yet cooled to the desired air temperature

4.4.2 Low Temperature Warming Alarm

The low temperature warning alarm indicates the differcnce in excess of 1.5C°
between the sel temperature and the temperature measwred inside the incubator's
eavironment, with the incubator temperature lower than the set temperature. The low
‘emperature alarm sounds when the air temperature is 1.5C° Jower than the control

emperature [6],




The law air temperature alarm has two modes of operation:
1) The alarm mode

This indicates a possibly dangerous condition. in this mode the air temperalure
alarm LED will flash and the audible alarm will sound. ‘This mode indicates an alarm

condition in which the air temperature has risen unexpectedly which may endanger the
infant.

This may be caused by the [ollowing condition:

* The hood door has been left open.
* A number of portholes have been lell open.

2} The indication alarm

This indicates that the air temperature is too low. In this mode the low air temperaturc
alarm LED will flash but the audible alarm will nat sound the low temperature alarm
LED 15 only being used as warning that the temperature 15 too low. This condition
occurs when the control temperature has been raised but the incubator has not heated to
the desired air temperature yet,

4.4.3 Opening hood warning alarm

The opening hood warming alarm indicates that the hood has been opened; this alarm
<an be detected by audible alarm [11].

4.5.1 Air circulation failure alarm

The air circulation failure alarm indicates that the air flow inside the incubator has been
mterrupted A sensor monitors the lemperature at the heater If the heater begins to
averheat it means that the incubator is unable to circulate hot air a way from the upper
mcubator region. The interruption of the air low could be caused by the following.

* The fan has gone suddenly off’

* The front air outlet has been blocked by an obstacle:
* The rear air inlet has been blocked by an ohstacle,

* The inner cover has nol been inserted properly [1.5]




4.5.2 Temperature Sensor Failure Alarm

The temperature sensor failure alarm indicates that the air temperature sensor i
malfunctioning and the incubator is getting errornous readings from this sensor This
must be replaced or repaired immediatcly as the system cannot control temperature
withoul it. This alarm is indicated by the sensor failure alacm LED Oashmg [9].

4.5.3 System Failure Alarm

Ihe system failure alarm indicates that a critical fault condition has occurred in the
electronics. This alarm can be instigated by the following twa condition:

* The incubator clectronics had a fatal error
*The air temperature is above 38 5§ C° [9].

An clectrical sensor is a device that converts a quantity or an eneray form into an
electrical output signal The form of an cutput signal whether it is an AC or a DC signal
whether the output is a change in resistance or a change in capacitance. and whether the

signal is digital or analage. The sensing svstem of the incubator consists of temperature,
fumidity and oxygen sensor [2],

4.6.1 Temperature sensor

The thermometer mercury is most known and common hiomedical temperature
wransducer,




4.6.1.1 Advantages of mercury thrermometere

+ Itis a lemperature to displacement
s Ttis relativly inexpensive.
* Easy {0 use.
o It's output not clectrical,
But this tvpe of sensor gives clectric oulput and therefore not used whenever
automatic temperature regisriration or control is required. There arc many types of such

transducers. used in biomedical field such as: LM35 temperalure sensor, lock fig (4.7)
12,8

< Plastic Package
{ |

i

i

BOTTOM WiEw
==OeesBE2

Fig (4.7) LM35 sensor
4.6.1.2 Features of LM335 sensor

» The LM35 are precision integrated circiut temperalure sensor.

» Iiis output voltage is linearly proportional to the celsius temperature.

= Itis calibrated in kelven ®

« The LM35 does not require anv external calibration to provied typical accuracies
of £ 1/4 C° at roam temperature, and | 3/4 C° over a full -35 to 150 C*
temperature range.

+ Low cost due to the water-level tinity.

* Low impedance output O 1 ohm for ImA load

« Linear output and precise inherent calibration make interfacing to contral
circiutry easily.

= I1 can be vsed with single power supphes or with plus snd minus supplies.

» low self heating 0.08 C° in still air.

« Lower than 60 mA current drain.
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* Operales within a voltage rang from 4 to 30 volts [8].

Operating Temperature Range as shown in tab (4.1):

Operating Temperature Rating | To +100 Deg €. 40 10 +110 Deg C, -55
to +150 Deg C

Sensor Grain (Tmin to Tmax) | 10 mV/Deg C — i

Supply Voltage Range 4V to 130V

Min. Accuracy 2Deg C,-1.5Deg C, -1 Deg

Max Accuracy +2Deg C, +1.5 Deg C, +1 Deg C

Temp. Reselution Analog Output )

Tab (4.1) Parametric for LM35

4.6,2 Oxvgen sensor

There are two independent O: sensor capsules which are enclosed in the
environmental sensor

The cell consists of a capsule including the electrolytes and the gold cathode with the
teflan membrane,

4.6,2,1 The construction of 02 sensor
Plastic Housing

¢  Two gold cathodes.

A —
* Teflon membrane st
*  Plastic housing. Ok =
= Basc clecirolvtes. -
— >
® [b- anode, —
*  Thermister.
Au-ciathode 2 — |
As shown in fig (4.3)

Theremister

Fig(4 8)Functional Principle of the 02 Sensor




4.6.2.2 The princible operation of the 02 sensor

* The oxygen to be measured difluses a teflon membran, and then the axygen
react with the gold cathodes, and produce oxide lead, and water at the lead
anode. This reaction requires a specific voltage which is proportional to the
oxygen partial pressure

* Then the thermister is switched in parallel to sensors which correct the
measurement voltage in connection with the internal resistance.

* The oxidaton process himits the lifc of the sensor The surface of the electrodes
determines the internal rersistance the internal is 700 Q at narmal conditions,
the distance detemins the oxygen diffiusion veloaity [2,3]

4.6.3 Humidity sensor

* The Humidity sensor is designed for measuring the range of relative humidity
between 10% and 90%.

¢ The Humidity Sensor contains a capasitive humiditv sensor and evaluation
stretched membrane of anon conductive foil coated in both sides with the
membrane and coating from respectively the dielectric of aparalle] pale
capacitor.

* The outpul voltage is calculated by 71

M relativehumidity(%s) ~ 1 SV

* The sensor element is constructed in amricoscopic holes and this element
sandwished by two clectrods which are made of Ru0?2.

® The size of the holes on the surface of the sensing element is in the order of
Ipm or less.

The conductivity between two electrodes changes as these holes attract miostares,
and the rate of change of the conductivily is not linear due to the change in the hmidity
and it requires to have compensation amplifier [6.8],

18




5.1 Features of 8051 Microcontroller
2.2 The Pins On 8051 Microcontroller




Amicrocontroller is an entire computer manufactured on a single chip.
Microcontrollers are usually dedicated devices embedded within an application. For
example, micricontroller are used as engine controllers in automabiles and as exposure
and focus controllers in cameras. In order to serve these applications, they have a high
concentration of on-chip facilities such as serial port, parallel input-output ports, timers,
counters, interrupt control, analog-to-digital converters, random access memory, read
only memory ., atc. The 1/0, memory, and on-chip peripherals of a microcontrollers are
powerlul digital processors, the degree of control and programmahility they provide
significantly anhances the effectiveness of the application [4],

§-bil CPU optimized for contral applications.

Exlensive Boolean processing (single-bil logic) capabilities.

64K Program Memory address space.

64K Data Memory address space.

Up 1o 64K hytes ot on-chip Program Memory (ROM)

128 byte of on-chip Data RAM.

4, 8 bit wide, port outputs (byte or bit addressahle).

4, 8 bil wide, port inputs (byte or bit addressable).

t-source/S-vector interrupt structure with Lwo prionity levels priority levels .
Two 16-hit timer/counters [4,5].

*« 2 @ @8 * = B
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These features are shown in the Fig (5 1)
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Fig (5.1): 8051 Microcontraller block diagram,
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* 1-8: Port 1: Each of thses pins can be used as either input or outpul according to

your needs. Alos. pins 1 and 2 (P1.0 and P1 1) have special functions associated
with time 2.

9: Reset Signal; high logical statc on this input halts the MCU and clears all the
registers, Bringing this pin back to logical state zero starts the program new as il’
the power has heen turned on In another words, positive voltage impulses on
this pin resets the MCU. Depending on the devices's purpose and environs. this
pin in usually connected to the push-button, rest-uporn-start circuit or 8 brown
out reset circuit. The image shows one simple circuit for safe reset-upon-start
circuit or a brwon out reset circuit. The image shows one simple circuit for safe
reset upon starting the controller. It is utilized in situations when power fails to
reach its oprimal veltage.



10-17: Port3; As with Port1, cach of these pins can he used as universal input or
outpul. However, each pin of Port3 has an allernative function:
o Pin 10: RXD - serial input for asynchronous comnumication or serial
autput for a synchronous communicattion.
Pin 11: TXD - serial output for asynchronous communication or clock
output lor synchronous communication
Pin 12: INTO - input for interruption ()
Pin 13 INT1 — clock input of counter 1.
Pin 14: TO — clock input of counter 0.
Pin 15: T1 - clock input of counter 1.
Pin 16: WR — signal for writing to external (add — on) Ram memory,
Pin 17° RD - signal for reading from external Ram memoary.

&)

02 @905 0

18-19: X2 and X1, Tnput and output of internal oscillator. Quartz crystal
controlling the liequency commonly connects to these pins. Capacitance within
the oscillator mechanism (see fig § 1) are not critical and is normally about
0pF. Instead of quartz erystal. miniature ceramic resonarors can be used for
dictating the pace. In thal case, manufacturers recommend using somewhat
higher capacitancees (about 47 PF). New MCUs wrok at frequencies from OHz
to 30Mhz+

20: GND; Ground.

21-28: Port2: If external memory 15 not present, pins of Ports act as universal
input/output. I external memary 15 present, this is the location of the higher
addres byte, [ e addresses AR — A15 [t is important to note that in cases when
not all the 8 bits are used for addressing memory (Le. memory is smaller than
64KB). the rest of the unused hits are not available as input/output.

29; PSEN; MCU activates this bit (brings to low state) upom each reading of
byte (instructions) from program memory. If external ROM is used for sroring
the program. PSEN is directly connected 1o its control pins

30: ALE; Before each reading of the external memary. MCL sends the lower
byles of the address register ( sddresses AD - A7) to port PO and activates the
autput ALE. External register (74HCT373 or T4HCT375 circuits arc common),
memorizes the state of the port PO upon receiving a signal from ALE pin, and
uses it as a part of the address for memory chip. During the second part of the
mechanical MCU cycle. signal on ALE is off and port PO is used as Data Bus
In this way, by adding only one cheap integrated circuil, data from port can be
multiplexed and the port simultaineuosly used for transferring both addresses
and data.




* 31: EA; Bringing this pin to the logical state of zero (mass) designates the ports
P2 and P3 for transferring addresses regardless of the presence of the internal
memory. This means that even if there is a program loaded in the MCU it will
not be cxecuted, but the one fiom the external ROM will be used instead
Conversly, bringing the pin 1o the high logical state causes the controller to use
bath memories, first the internal, and then the external (if present).

e 32-39: Port U, similar to part 2, pins of 0 can be used as universal mput/output,
if external memory is not used. PO hehaves address output (AUD-AT) when ALE
pin is at high logical level, or as data ouptut (Data Bus) when ALE pin is low
logical level [4,5]

*»  40: YCC. Power +5V
Input — Qutput (1/0) Ports

Every MCU from B0S1 family has 41 /O ports of bils each This provides the user
with 32 /O lines for connecting MCU to the environs. Unlike the case with other
controlers, there is no specific SFR register for designating pins as input or output,
Instead, the port itself is in charge: O=output, I=input. 1{ particualr pin on the case is
needed a8 output, the apporpriate bit of /O port should be cleared This will penerate
OV on the specified controler pin. Similarly, if particular pin on the case is needed as
nput, the appropriate bit of 1/0 port should be set. This will designate the pin as inpur,
generating +5V as p side effect (as with every TTL iput)

Port 0

Part 0 has two fold role: if external memory is used, it contains the lower address
byte (addresses A0 — A7), otherwise all the bits of sither input or the output Another
feature of this port comes to play when it has been designated as output. Unlike other
ports, Port U lacks the "pull up" resistor (resistor with +5V on one end). This seemingly
msignificant change has the following consequences:

* When designated as input, pin of the port 0 acts as high impedance offering the
nfinite input resistance with no “inner” voltage.

* When is designated as output, pin acts as "open crain". Clearing a port bit
grounds the appropriate pin on the case (0V). Setting a port bit makes the pin act
as impedance. Therefore, to get positive logic (5v) at output, external "pull up”
resistor needs to be added for connecting the pin to the positive pole.

Therfore, to get one (5V) on the output, external "pull up” resistor needs to be
added for connecting the pin to the positive pole




Port 1

This is "truc” /O port, devoid of dual function chracteristics for Port 0. Having the
"pull up" resistor. Port | is fully compatible with TTL circuits.

Port 2

When using external memory, this port contains the higher address byte (addresses
A8 — A15), similar to port 0. otherwise, it can be used as universal 170 port.

Pari3

Deside its role as universal T'O port, each pin of pert 3 has an alternative function,
In order to use one of these functions. the pin in question has tv be designated as mput,
i.e. the appropriate hit of register P3 needs to be set From hardware standpoint, Pori3
is similar to port 0.

As can be seen from the individual descriptions of the ports, they all share highly
similar structure. However, you need to consider which task should be assigned to
which port For example: if utilizing port as output with high level (5V). avoid using
Port 0 as its pins cannot produce high logical level without an additional resistor
connected ta -3V If using other port to a same end, bear in mind that buili-in resistor
have relatively high values, producing the current limited to fiw hunders of amperes as
pin output [4.5].




6.1 8051 MCU

6.2 Key board

6.3 Liquid Crystal Display (LCD)

6.4 Analogue-to-Digital converter (ADC)
6.5 Power supply unit

6.6 Softwarc design
6.7 Graphieal user interface
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Designing the MCU basically depends on system requircment such as determine
the exiernal Interfacing units with the MCU and the methods used to transfor data
between the units that Connected to the MCU.

Because the control unit of the infant incubator always contains the basic
components of the Microcomputer such as the key board and liquid Crystal Display
(LCD), so designing the controlled Unit is similar to the designing of the
MICTOCOmMPpULer unit.

We can scparale the designing operation into the following parts:

e Dala and Address Buss,
Conrrol signals.

11O PORTS.

Clock Circuit.

Reset Circuil.

6.1.1 Data and Address Buss

To use the external memory in the MCU we use the first port (port 0) for
transferring data and the lower order byte, the transferring data occur through the first
port by two phases, in the first phase we transfer the the lower order byte when the
signal address latch cnable (ALE) is active low and in the second phase we transfer the
data when the signal ALE is active high.

80 we must usc octal latch to latch the lower order byte and transter the data from
the MCU to EPROM, The high order byte is transferred through the third port (port 2).

Figure 6,1 shows the interface between octal lateh 741,8373and MCU.
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Fig(6.1): MCU 8051 with periphcrals
6.1.2 Contrel Signals

8051 microcontroller unit contains a set of control signals that exit from the forth
port (port 3).

MCLT contains three comtrol signals to control the memory, RD¥# signal used to
activate data read process from the RAM, WR# signal used to aclivate data write
process. which comes from the MCU to the RAM, and the third signal is PSEN# that
used to activate read process from the EPROM

These three signals are active low signals that mean it works when the unput signal
logie 15 zero,

Because there is a signal to activale reading process [or each type of memory, so

MCU can support external RAM reads to 64 k byte and external ROM of 64k hyte, Also
MC contains signals to connect external units with the peripheral

There are two external signals for interrupts INTO/, INT 1# and external signals to
increase the value in each counter TO. T1.

Two signals for the serial port TXD, RXD, These signals can be used to control
Input/Output tines which can be determined by special register im MCU.

6.1.3 IO ports

There are 4 170 ports in 8051 MCUJ. These lines are used for input and output
when using internal ROM and when using external ROM we used three ports to
mterface the EPROM with MCL, pori 0, port 1, port 3, 'Lhe second port (portl) used for
input and output opcration, this port transfer data rather in bytes or in bits.




6.1.4 Clock circuit

The MCU attached with erystal responsible for frequency gencration aperation
through two mputs XTALL, XTAI2, The 8051 MCU operates at frequency between 2
0 16 MHZ.

6.1.5 Reset Circait

The RESET signal is used Lo reset the system. when activate this signal all the
nternal operation in the MCU stopped, and the program counter become zero

S0 we can repeat the cxecution of the program stored in EPROM from the address
(DO00H). see figure ... ...

6.1.6 EPROM

This kind of memory used to store the data the size ol this memory is 8KB. that
means it need 12 address lines to interfacing it with the MCU, The signal PSEN# af the
MCL connected to the signal OE# of the EPROM to activale the reading from the
EPROM

We used MM74C922 encoder Lo interface hexadecimal key board, this encoder
containg 4 pins X1-X4 connected with the row lines in the kevboard. And 4 pins ¥1-Y4
Connected with columns lines in the keyboard, The signal DA in the encoder connect to
one ol the interrupts of the 8051 MCU figarb-2 shows the interliice hetween the key
board and MCLU
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Fig (6.2): the interface of MM74C922 with 8051 MCU.
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Figure 6-3 shows a diagram for interfacing LCD Hitachi 11D44780 with the 8051
MCU, LCD module consists of 2 lines and 16 characters (2x6). We use two address
lines to address LCD module with MCU.

To determine the process of transmission and receive of duta between cach
centroller. The controller has two kind of eight bit registers: the
and the data register (DR).

instruction register (TR)
Register select (RS)is a signal used to select between
module, To transmit or receive data from

(IR) and (DR) in LCD
between read write processes.

or to L.CD controller we use R/W to sclect

To activate read / write process from LCD we connect E signal in LCD with WR#,
RD4 control signel in MCU, and one of the address line. LCD is considered one of the
slow peripheral devices, so we must in

account the timing diagram necessary for the
LCD module through read/write process.

And to achieve the synchronization between the LCD and MCU we must decrease
the clock time of MCU to synchronize with time variahle that needed for LCD.

And we must add the necessary time delay to make sure that the L.CD controller
not busy before making any write sipnal ro the LCD.
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Fig (5.3) the interface of LCD with 805 IMCU
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This type of converter is used to convert analogue data to digital values, Figure 6.4
shoos a diagram interfacing an 8 hit ADC with 8051 MCL, Start conversion (SC), end
of conversion (EOC) are two signals used for interfacing

T'o start conversion process MCU send start signals SC to the ADC through the
activation of WR¥ to the active address channel of the Shit ADC.

Afler that the MCU wait until the reaching of FOC which means End of
conyersion process, the MCU start the reading of data from the ADC temporary register
by activation of reading process from the address of active channel of the ADC, to use
the interrupt method for interfacing of ADC with MCU we connect EOC

Signal to one of the external interrupt request terminal in MCU: but in case of
using continuous conversion mode we connect SC or START signals with EOC signal
m ADC, And produce a start conversion pulse directly after switching MCU on

pE-n7
143
THL

LMz

Wi ef—

! INS 4 —
Ali-nt IxD

N

VR
A4 '..J_[>-—‘2

R K

SR LTI

1
i REF+ j
BE

Fig (6.4); the interface of ADC 0808 with 8051 MCU
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The power supply converts AC voltage 1o DC voltage . it supplies the control
circuit with 5 and 12 voltages.

The power supply unit consist with the following devices:

» Transformer

= Rectifier
»  Filters .
¢ Regulators .

Software plays the main role in developing control system _ il used to operate all
the work of the system , in our project can be implemented in low level language

(assembly language). it's stored in FPROM by using EPROM programmer in the
laboratary |

To control all the wark of the system -We read the inpul sensors signal

(temperature humidity ,oxygen ), these signals convert to digital by the Analog To

Digital Convertor, after that we compare them with the setting points, the result of the
comparing used to control the actuators,

4]




Read temp sensor

Yes

Set Heater off
Set Fan on

Store sensor reding
Is Incubator
Mo i hain
el
Sel Heater on
Ste fan on
——— Update temperature
END

Fig (6.5). Temperature Control Flowchart




l START ,

Store sensor reding

Is Incubator
Humidity >
humidity set
Jraink

r

Increase humidity Decrease humidity
Set heater on Set heater off
> Update Humidity —

Fig (6.6); Humidity Contro! Flowchart.




6.6.3 Oxygen Control Flowchart

Read Oxypen sensor
Store sensor reding

Nﬂ L+ Incubstor Yes
Ulzygen = 02
Bt point '

Increase Chygen Value Decrens: Unypen Valne
by evteimal oxypen by open smoll window
Bl
— Update Oxygen

END

Fig (6.7): Oxygen Control Flowchart




The infant incubator computer system has a user interface that allows.

» Creation and modification of the system lunction,
= Monitoring the baby incubater.
® Dpen files [or any baby and processing there information.

Fig(6.8) show main menu from this menu a number of different editors options
can be lunched which will provide for the creation and alteration of various aspects of
the system.

Fig(6.8) The main menu
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6.8.1 The incuhator window:

In this menu all information that nceded in calculation to find the suitable
meubators variable value,

As shown in fig{6.9), incubator number, baby number, temperature, humidity. and
oxygen value entered.

JUkyl sl

Fig(6 %) The incubator window




6.8.2 The patient window;

In this window include information’s a bout the baby | as shown in fig(6.10) the
baby name . age , sex . and address, .

Fig(6 10) The patient window

Also this window mclude data a bout the date of cnter the hospital , and the date of
exist.
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7.1 Chip Testing
7.2 System Testing
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The testing procedure is the most important part in the design of the hardware,
to make sure that the hardware parts are working correctly and there are no errors
The process that followed in Lesting the system must depends on sequence form.

7.1.1 8051 MCU Testing

We followed two methods for testing MCU, the first method by using 8051
MCU kit,The second method of MC: chip testing after connected it as shown in
fig(7.1) and ensure that the

» clock TN is 4 MHz
& clock OUT is 2 MHz
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Fig (7. 1):Testing MC 8051
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7.1.2 EPROM TESTING (27C64)

The EPROM was testing by using the chip lap program under windows, when
it is read for the first time its found empty and the contents of it arc (EF),

A small program was wiillen in it and read after a period of time then il was
crased by the EPROM eraser

MVI A.CU
STM
MVI A 40
SIM
JUMP (0000

7.1.3 LATCH (74LS373) TESTING

For testing this chip, the input (DO, ... D7) were connccied to switches to
change them as required, and the output (00, 0O7) were connected to LEDS as
shown in fig(7 2) ,changing the enable (E) pin from low ro high will latch the data to
the output pins

C——:— oo o= -—i i
o—3 £ Q1 = e
—g—- 2 o o !
= 51 B2 G o= Foid
= L4 4 = o
Bk [ o5} oy - P—‘
T ) L)
r_':—i_ s &y Lok
1 m—
THE
_— o
i
7aLREFR H
l——"n.-"""
-] e

Fig( 7.2): Testing 74273 latch

7.1.4 Testing the ADC 0808

For testing the ADC its connected as shown in fig(7.3), a specitic number was
entered on the pins (A B,C) of the ADC in order to chose a channel .then the analog

mput voltage is entered on one of the eight analog mput pins according to the
channel number,

And the ALE and START are connected to switch when its go from high to
low the ADC start the conversion | the OF is conmected also to switch when o from
low to high the ADC output data corresponds Lo the input voltage is presented at the
outpul pms D(0_......7) which are connected to leds,
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Figer (7.3) Tesung ADC D808

7.1.5 Other chip testing

In the incubator system design some other common gates were used such as
7400 (NAND gate). 7402 (NOR gate), 7404 (Inverter)

And the chips were tested by connecting them with the 5v on the vee, and
then putting a Ov or 5v on these inputs and then watch the result on there outputs

7.1.5 Testing MCLU with EPROM and latch

We tested 8051 MCU circuit (with EPROM and Latch) by using a small
pragram written in MCROS1 instruction for this purpose

ORG  00DOH
MOV A_#00H
LOOP:
MOV PLA
INC A

LIMP  LOOP

This program outputs squarc wave on port 1 of the 8051 MCU, which mean
that the circuit is working well.

51




= e T - = e q—= e

—e =

The testing process of the incubator achieved step by step through the
designing procedure.

¢ In the first phase we Lest the conncction between MCU 8051 and EPROM
through port 1 in the MCTJ

* In the second phase we test the 1.CD by display a message on 1t

* Inthe third phase we test input process by using kevboard and display the key

' value on the LCD.

* Inthe fourth phasc we test the ADC by in putting a fixed value in onc of the
ADC input port and display the corresponding value on the LCD.

* Inthe last phase we connect LEDs at the output ports of the MCU instead of
internal units { fan, heater, .. ._etc) to make sure that it works well




8.1 Concluzions
3.2 Problems
8.3 Future Work

8.4 Summary
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This chapter presents some conclusions that resulted [rom implementing and
testing the project, also it explains in details the goals that were achieved from the
project. Finally, it proposes some suggestions and recommendations for developing the
system in the future

Although there were many dilficulties during the implementation , we have
succeeded to solve it, on the other hand these difficulties enhanced the work team
experience; through implementation of new technologies that was covered briefly in the
text books. through some hardware components that were all new, and through
improving the team ability to deal with the used software. The following are the
obtained outputs from the whole project work:

In the first semester, the team of the projeet put the aims of the project and

studied the theoretical part of the project (theories and laws), the general block

diagram to the system and explained how the system works.

* In the second semester, the team designs the incubator Lo control the temperatire
and humidity circuits.

* Then the team bought the 8051 MC and the ICs which need to build Incubator
design

* Alfter that, the team starts to connect the system on the hoard.

* Then the team starts to test chips, and then part by part of the sysiem.

= After the team connects the system, they start to program the system in assembly

language.




Every project may face several problems while working in. These problems can be
divided into two parts HW problems and SW problems.

8.2.1 Hardware Problems

* The implementation of the humidity circuit, to contral the incubator humidity.
we need humidity sensor, and this sensor not found and expensive pul the team
solve this problem by founding humidity sensor instead of biomedical humidity
sensor.

¢ The humidity sensor which used in the project is low sensilivity compared with
biomedical humidity sensor.

* The oxygen sensor is not available, because it is very expensive, above $1000,

* Some of the IC's not available, such as EPROM IC (27C64)

* The wark was paused for three weeks at lest, because the wire rapping not
available.

8.2.2 Software Problems

* The team face problems in programming 8051 MC.
* Dilliculties that appears through connecting the LCD and Keypad with MC

We can add some ideas Lhat the students can work on in the future such that:

¢ Develop the system by making interface to control a group of incubator at the

same time, through display data for every incubator on the screen.




This chapter summarized the conclusions that came from implementing (he
project; it describes the problems that occurred during the project implementation.
Finally it suggests some fulure ideas for the interested researchers.
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Schematic
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Appendix B

Software




:infant incubator control program

LCD 10 module
LCD COMMAND EQUI 8000H
LCD DATA FOUBN0IH
LCD STATUS EQU B002H

ADC 10
ADC  EQU 4000H

:Heater 10
HTR EQU P'1.0:heater

LEDSE 110
HI EQLU' P1.1:high temp alarm
LO  EQU P1.2low temp alarm

:constants
=1 EQU 00OH;temperature sensor
52 EQU 0lH;hurmidity sensor

svariables
TMP EQU 20H:incubator air temperature
HMY EQU 21H;incubator humidity
SP1  EQU 22H;temp setpoint
3P2  EQU 23H;humidiry setpoint
KEY EQU 24H:key value
NUM  EQU 25H;decimal number

:inferrupl vector table
ORG 00H
LIMP START :resel
ORG 03H
LIMP KEYPAD ISR:extemal 0
ORG 0Bl
LIMP TIMER _ISR ;timer/counter 0

;018in program
AH
START: MOV SP.%2Fll

\print sign-on message
LCALL INI-LCD
| LCD PRINT
DB"Wait",0




:initialize variablcs
MOV §P1.#37
MOV SP2#0

:cnable all interrupts
LCALL INI KEYPAD

iprinl complet message
LCALL LCD CLR DISPLAY
LCALL LCD PRINT
DBE"Ready",0
MOV A2
LCALL TIME

;read sensors and stor their reading
MOV A.#SI
LCALL ADC_SELECT
LCALL ADC _RFAD
MOV TMP,A
MOV A#S2
LCALL ADC SELECT
LCALL ADC READ
MOY HMY A

.compure incubater temperature with setpoint
LCALL LCD-CLR-DISPLAY
MOV A TMP
SUBB A 8P1
SUBB A TMP
INC MODE2
LCALL LCD_PRINT
DB "High Temp",0
CLR HI
SETB LO
SETB HTR
LIMP BREAK
MODE2: LCALL L.CD PRINT
DB "Low Temp",0
CLR LO
SETB Hl
CILLR HTER
BREAK: MOV A6
LCALL LCD SET CURSOR




MOV A TMP
LCALL TEMF_DISPLAY

rcontinue alter 1 second
NEXT: MOV A%l -
LCALL TIME
LIMP LOOP

dnitialize LCD
INI_LCD:
LCALL DELAY
MOV A28 function set
.CALL LCD COM OQUT
MOY A06;entry mode sct
LCALL LCD COM_OUT
LCALL LCD CLR_DISPLAY
LCALL LCD HOM CURSOR
LCAL L.CD_CURSOR OFF
MOV A &0
LCALL1.CD SET CURSOR
RET

itime delay (Ims(
DELAY:

MOV RK1.A
LOOP2: MOV RD,#199
LOOPT; DINZ RO,LOOPI

R1.LO0OP2

RET

stime delay (1s(

TIME: MOV R2,A

LOOPS: MOV R3 £100

LOOP3: LCALL DELY
DINZ R3,LOGP3
DINZ R2,LOOPA
BET

iwrite command ta LCD
LCD COM OUT
PUSH DPL




PUSH DPII

LCALL LCD_CHK_STATUS

MOV DPTR #LCD-COMMAND
MOVX @DPTR.A

POP DPH

POP DPL

RET

:check LCD statos
o 1L.CD CHE STATUS:
PUSH ACC
MOV DPTEFLCD STATUS
BUSY: MOVX A @DPTR
JB ACC.7 BUSY
MOP ACC
RET

swrite datz to LCD
LCD DATA_OUT:
PUSH DPL
PUSH DPH
LCALL LCD_CHK _STATUS
MOV DPTR#1.CTD DATA
MOVX @DPTRA
POP DPH
POPR DPL
RET

sprint message to LCD
LCD PRINT:
POP DPH
FOP DPL

NXTCH: CLR A
MOVC A.@A-DPTR
CINE A =0,0UTCH
MOV Ar1H

- IMP (@A+DPTR

OUTCH: LCALL LCD_DATA_OUT
INC DPTR
LIMP NXTCH

;elear display
LCALL CLR DISPLAY:
PUSIH ACC




MOV A #01H

LCALL LCD_COM_OUT
POP ACC

RET

aretarn cursor to home
1.CD_HOM CURSOR:
MOV A_#021]
LCALLLCD COM OUT
POP ACC
RET

ssel cursor on
LCD_CURSOR _ON
PLISH ACC
MOV A HOFH
LCALLLCD COM_OUT
POP ACC
RET

156t cursar off
LCD_CURSOR _OFF:
FUSH ACC
MOV A#ICH
LCALL LCD COM OQUT
POP ACC
RET

:scl cursor position
LCD SET CURSOR:
MOV RO.A
SUBB A#16
INC LINEZ
MOV ARO
ADD A080H
LIMP SEND
LINE2: ADD A #0COH
SEND: LCALL LCD COM OUT
RET




nitialize keypad
INIT_KEYPAD:
SETB EA:enable all control bit
SET ITD:falling edee low level tiggered interrupt
SETB EXU;enable external interrupt 0
RET

keypad ISR
KEYPAD ISR:
X PUSH PSW
PLSH ACC
FLISH DEL
PUSH DPFH
MOVX A (@DPTR
ANL AFOFH
LCALL KEYPAD XLATE
MOV EKEY.A
LCALL KEY SERVICE
POP DPH
POT DL
POP ACE
POP PSW
RETI

:translate key value
KEYPAD XI1ATE:
ADD A#1
MOVC A,@A+PC
RET
DB 01H,02H,03H.0AH
DB 04H.05H.O6H . NBH
DB (7H,08H,09H,0CH |
DB OEH.00H,OFH.0DH

:key service routine |
KEY SERVICE: |
MOV A KTY
CINE A #0AH FUNCT2 |
LCALL TEMPR
RET

FUNCT2: CINE A #0BHFUNCT3
LCALL HUMID
RET




FUNCTS: CINE A#0SH.FUNCT4
INC NUM
RET

FUNCT4: CINE A #12H,REJECT
DECNUM
REJECT:RET

:temp option
TEMPR:
MOV NUM, 5P|
LCALL LCD_CLR-DISPLAY
LCALL LCD PRINT
DB "Temp Setpoint".0
LPLE MOV A%ls
LCALL LCD SET CURSOR
MOV ANUM
LCALL TEMP DISPLAY
MOV A KEY
CINE#IEH.LPI
MOV SI"LNUM
RET

shumidity option
HUMID:
MOV NUM,5P2
LCALL LCD CLR DISPLAY
LCALL L.CD_PRINT
DB "Humidily Setpuint",0
LP2: MOV Ajila
LCALL LCD_SET_CURSOR
MOV A NUM
ADD A #3011
[.CALL LCD DATA OUT
MOV A KEY
CINE A #0CH,LP2
MOV S5P2.NUM
RET

isclect ADC analog channel
ADC SELECT:
PUSH DPL
PUSH DPH
MOV DPTR,zADC




MOVX @DPTR,A
MOV A4

LCALL DELAY
POP DPH
POP DPL
RET

acad ADC output
ADC READ:
) FUSH BPL

PUSH DPH
MOV DPIR.AADC
MOVX A @DPTR
LCALL ADC-XLATE
PO DPH
POP DPL
RET

dranslate ADC reading
ADC XLATE:
ADD ALY
MOVC A @a+PC
RET

DB 00,00,01,01,01:0-4

DB 02,02,03,03,03:5-9

DB 04,04,05,03,05;10-14
DB 06.06,07.07.07:15-19
DB 08,08.09.05,09:20-24
DB 10,10,11,11,11:25-29
DB 12,12,13,13,13:30-34
DB 14,14,15,15,15:35-39
DB 16,16,17,17.17:40-44
DB 18,18,19,19,19:45-49
DB 20.20,21.21.21:50-54
DB 22.23,23,23.23:55-50
DB 24,24,25 35 25:60-64
DB 25.25.26,26.26:65-69
DB 26,26,27,27,27:70-74
DB 28,28,29.29,29:75-79
DB 20,30,31,31,21:80-84
DB 32,22.33,33,33:85-89




DB 34,34,35,35,35,00-94

DB 36,36,37.37.37:95-99

DB 38,3%,39,39,39.105-109
DB 40,40,41,41.41:110-114
DB 42,42,43,43.43:115-119
DB 44,44 45.45 45:12{(1-124
DB 46,46,47,47,47;125-129
D 48,48,40.49,49:130-134
DB 50,50.51,51,51;135-139
DB 52,52,53,53,53:140-144
DB 54,54,55,55,55;145-149
DB 56,56,57.57.57:150-154
DB 58 58,509,59,59:155-150
DB 60,60,61,61,61:160-164
DB 62,62.63,63,63:165-169
DB 64.64.65,63,65:170-174
DB 66,66.67,67,67:175-179
DB 68.,65.69,69,59;180-184
DB 70,70,71,71,71;185-189
DB 72,72,73,73,.73:190-194
DB 74,74.75,75,75:195-199
DB 76,76,77.77.77:200-204
DB 78,78,79.79_79-2{)3-200
DB 80.80.81,81,81:210-214

;cisplay temperature on LCD
TEMP DIPLAY:

MOVX R0O,A

MOV B.#10

DIV AB

MOV B 710

DIV AB

MOV AB

ADD A #30H

LCALL LCD DATA OUT

MOV A RO

MOV B.#10

v AR

MOV A B

ADD A 5301

LCALL LCD DATA OUT

MOV A 220H;:space code




LCALL L.CD _DATA_OUT
MOV A #0DFH

LCALL L.CD DATA OUT
MOV A #41H

LCALL LCD DATA_OUT
RET

iinitilize imer O
timer prejoad=-(ase(kHz) * delay tme(ms)) 12
INL TIMER:
ANL TMOD,#0F0OH
ORL TMOD,#2;8-bit auto_reload mode
SETB ET0.cnable timer 0 interrupt
RET

start Umer O running
TIMER START:
SETPTOset TO interrupt yo hogh priority
MOV TLO.#;preload 1LS13
MOV THO#0FFH: preload MSBE
SETB TRO; run imer 0
RET

:stop timerl)

TIMER_STOP:
CLE TR
CLE I'TD
RET

stimier O [SKE
TIMER ISR:
KEETI
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&= L4 K -

[T
MZ = Mo Commacticn
Top View
Drder Mumbar LM350M
Sea NS Packagas Mumber MOEA

TO-220
Riastic Package®

¥ o

el
Lateissat.gn

"lat & conrachss lo e iepalive mn (BNEY

Mobs:  The LMESOT pooc. 3 c'ferend ben fhe dysarinuad LM2SEP

Order Number LM3asDT
See NS Package Numbor TAODZE

W TR T3k L0
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Absolute Maximum Ratings pot:

TOHS2 and TO-22 Package,

5 Military'ferospace specified devices are required, i SASEON IR, 207G
slease contact the Natione! Semiconducter Salae OFca! 50 Package (Note 12)
Distributors for evailability end specificatione. Vapor Phase (60 seconds; ZI0
§ .’ : ; Infrared (15 seconds 2na
BOpRl VoK ol m s E3D Buscmp:n.my Nals I11-, 3800V
L otiags el Sl Spuciied Cseruting Temparators 2arge Ty 5 T
Dt Cusren: 10 mé {hote 2 ol il
Forags Tamg. LM35, L1354 ~BE°C f —150°C
T3 Package, e e LM35C, LM3sCA ~40°C 1o +310°C
10-02 Packags, -60°C o =160°C | M35 0'C b =100°C
EC0LB Paczazs, =55'C W =160°C
TO-220 Paokage. ~BE L b =8N
cead Termp.!
. TDo£o Packmgn,
% (Boldsring, 10 seconds) oo'c
Electrical Characteristics
Meter 1, G}
B LMa5a LM3SCA
Parameler Conditionz Tested Deslgr Tested Dweaign Units
Typical Limit Limit Typleal Limit Limit (Max.)
Mila 4] | (Nole &) Mate 4] | (MeteB)
P T =Ee £0.2 10E 302 £05 i
Pazis 7 T A==10C L8 0.3 £1.0 ©
Toa= Thuha Lod 1.8 04 40 C
ST =S B0 04 4.5 e
emaafity ) TR P S %018 035 | o015 | 203 | ©
Basta 1)
Seescr Gain T =T A= Tha “10.0 +0.4, +40,0 3.9, mvTe
Se=tage Slope) =10,1 +10.3
== Regllation T,==25C 304 | 10 204 1.0 mVinA
Bci= 33 Ozl o ik T k2T 5T van 0.8 £10 £0.5 0| mvimA
e Fagulation T SHIED *0:01 £0.05 4001 10,05 mvA
cie 3) Ay Y +0.02 £{.1 002 0.1 v
" W = +BV, 235G 56 ar — 5 a7 uh
Sels 9) N g=1BY 105 131 91 114 A
Ve300 +26'0 562 =72 5E2 =1 d
W g=+a0 105.5 123 M5 116 s
[C— A3V, 28 | B2 | 18 02 10 P
==cant Current Ayt a0 05 | Z0 e zo pdy
L k1]
Cwramralure +0,39 .5 +0.34 +0,5 HAC
—s=Ticianl of
Ss=scant Cirrent
Wemam Teenperature | in elreuit =F g ] 28 e 25 [ B
W= Saind Accurocy Flgure 1, L=0
o Tarm Staellty | T =Ty for 40,08 +0.08 = | =
1030 hours

wowew ol com
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Semiconductaor

LM124/LM224/LM324/LM2302
Low Power Quad Operational Amplifiers

General Description Advantages

The LIM124 szries consists of four indepercent, high gain. M EFmineles nood for dual supplios

intesnally lrequency  componsgled oporatioral emplifiess a8 Fowr internally compenssted op ames In 5 singls
whicn were desioned specifically to operate from 2 single packags

powar sipply over o wido fange of voliagos, Dparslion fom w Allowe divacily Bensing near GMD and Vo, 8l23 goes

split power supplies |s a'sc possible and the bow power o GND
supply currant drain ig indasendent of tne magniide cfthe u Cuympaith vith sl farme of igic
powas supply voltage. B Powar dizin suilabis for balleny operatar

Appicalon weds include trersducar @maliers, LG gam

blocks ‘and all the convantional op amp circuits whizh now FBﬂtLITBE

cEf b marg essily imchesmenied nosingle power suaphy

sysieme. For exsmple, the LM124 sases san be grasty ™ Iniemaly fequency ‘:_":'mﬂr's‘a"'gd fer.urity cain
cpesataa off of (ne slandard +5Y power suoply vallege which @ Laroe DT wolfaga g=in 100 4B

it e i gkl systams ol will easly ovide Mo reguied ™ Wide bandwidih (unity gaind 1 MH2

interfece slectronics witnowt requinng the edditiongl =15 {le NP al b oo pensa ed)
power Sapphias, ® Wide powior supply mnge:

Single supoly 3V o 32y
u”ique Characteristics or dusl suppfies . =18V 10 =18V

B Vany ow supaly cumant drzin (700 uA)—essenfislv

3 o R - |
m | the incer mode o inpul common-moda. woltage indepandent of suzoly v -

range ncludes grounc snd 15e outpue vohzoe can ales : !
swing o oround, even fough operaied from orly & ] I. ow Inpul blasing curent 45 nA
sirole powor supply voltage Jampearalle coOmpaTRs e

m The unity gair crose frequercy I tamparatiss B Low input aflsst vakage 2 my
GompEnsatan 3 and offzat currend: 5 nA
® The inoul Figs sursel = BlRn IEmpemEte companesed @ In:!ul cwn-nmdu volags range includes ground
® Diffsrential input voliege range equal lo the gower
suoply vollage
B L=rgo outplt voltego swing OV o v — 18V

Connection Diagrams
Dual-in-Line Fackage

DATFOT 8 wesuld LLTRE IR IHFUTET  INRIT:C nirara

" 10 I l!l L] E ]

siayldwy |euonesadp penp 1amod Mo Z0GEN/PZENT/PESZNT/FZ LINT

D

1 = | 8 ] In. i i 7
1
BUTALT | (WFLT ™ iRl 1" W WAITYE" WAt Butatd

LR
| Top View
Orger Number L1244, LM128AJ, LM124.HBE3 (oo 2), LM123AJ/883 (Note 1), LMEES,
LM224A), L3249, LMI2a8 LIB2ANN, LM32AAM, LMI2AANMY | M2002M, LM2B0EMX, LM3IZIN, LM22448N,
LMIZ4MT, LMIZ4MTX or LMZS02ZN LNT248JRGML and LM12448JROMLY MNeote 3)
See NS Package Number J148, M14A or N72A

@ F00s Matonal Sewicondugios Gwporedon DS0CAZEE veww niediare cam




LA124/LM224/L M3 24/ 2902

WAL ST

Connection Diagrams (cariruec)

1
UTPUT 1 —
INTUT 1= ]
]
IKPUT 14 &

¥+ ]
et e

T 8- ]

OUTFAT &

LMi24W

w:'hﬂn‘-
1:i.'nF'l.'T-i-
T;.'__I‘HE'

] IKPUT S
| WPUT 3=

WHTPUT &

ARSI

14
= SUTRUT #-

Order Numbar LM1T248WBR3, LM12AWGEER3, LM 249W/EREE or LM 24WGEBE1
LM124AWRCML and LM122AWRGHLY Moo 3)
Saa N5 Packana Mumber W14B

IKPUTE

LM1Z4AWGRGML and LM124AWGRGMLY (Mot 5)

Sea N5 Packans Numbar WiG14A

Medm T LM TE2A penilebie oe- JHIES10 11008
MNete 2 LW 122 avedanie sbr IMAIEETL T 00
MWeDs & See STD Ml CWGE BHDHERDES b Hadohon “oimnt Uesen

Schematic Diagram (each anpifier

O
uTPE]
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Absolute Maximum Ratings jze 12

# Military/Aergspace specified devices ars reguired,
senn gonlact The Nelions! Semiconduclor Salea Office!

Distributars far availability and specifications

L2 M2240 M324 Lmzsp2z
L1224 ASLM22a 8L MA24A
Sapalyv Voitage, VT JEy il
Sifferental input Voltape azy 2eY
Tt Voltags 0.3 18 a2y 2.3V 15 -2V
vt Currsent
iy, = =030 [Neta &) 50 maA 50 mA,
Power Dizzination (Mate £
Meoldod 0P 1130 mW A mw
Cauiy DIP 1950 W 1260 =N
Small Ciutline Packsngs E00 mwW B0 miw
Dutit Shan-Clreuit 1z GRND
(Ona Arvplitar) (Meta 51
Wt 1SV ane T, =25C Continiaus Confinumis
Crarafing Tampasanre Ranss —0'C In +RE°C
LM2221 a2 8 0'C o 420’
LM224 ME2d A —25'C g +B5°C
LMT24 T M1248 —55"C o 4125'C
Siorage Temperature Range —B5'C to +1850°C —B5'Cto +180°C
Laad Temperalure |Soldering, 10 sacands) 2BTC B0
Solderng infermation
Dwal-in-Line Fackage
Zoldering |10 scconds) IB0°C 260°C
Small Outine Package
Nepar Phasa (B0 saconde) - L HEC
Infrared (15 seconds) 230°C 280°C
Sie AN-450 "Burlecs Mouniing Methods and The'r Efisct on Product Seliabiity” for other methods of sciderlng surtace mourt
daviess.
EER Toipmanca [Mata 13) 250V 250y
Electrical Characteristics
= 5.0V [Nola T, unicss atherwize sigted
LMi1z44 LMz2a4 LM3Izaa
_Pﬂmmef.er Crpdioqnn Min T]rp Max |Min Twp Max [Min Typ Max s
“el Oftest Vabags | (Note B) T, = 25 t 2 i 8 2 a3 | mv
el Bias Gurrend bmigan 27 lipgry, Ve = 0¥, : i
B s T:-!Es'c[ f F 40 60 45 100 [ na
sl Offsel Guman ey OF lpapsy Mo = OV, 2 10 £ g 5 o onA
T,= 250
=i Common-Moda | V- = 30Y, (LM23G2, V° = 26V), [ V15| © V=15 vi-is| v |
oE Ramge (Mol Tam25'C
oy Curment Crveer Full Temperature Manige
FL == Cn Al Go Amips
W= =300 LMER0E VS = 28Y)
Y=gy
= Signal Ve = 18y, Fhx PG 53
Sisge Gam Nay = W o 11V], To=25%
Samrn-Moda B Ve =0V o™ = 1.5¢ it

COBZWVRZENVEZZW IPE 1N




National
Semiconductoy

ADCO0808/ADCO0809

8-Bit yP Compatible A/D Converters with 8-Channel

Multiplexer

General Description

The ADCOB0R, ADCOBDE dais acquisifion companont = a
monmalfithic CMOS device wilh an B-bit analag-toe-digtal cor-
vertear, 8-chanrel muliiploxer and microprossssor compatiole
eommal legic. Tre B-bi AT converler wses succassive mp-
proxlmetion as the conversion technigue. The convarer faa-
tres a high mpedance chopper stablized comoarater, a
2361 voitage dividar with analag switch tree and & sucdossive
epproximation register. The 8-channel multiplexer sen dirac!-
Iy aceass any of B-singla-ended aqalog sigrals,

The device sliminatas Ine nesd for edema zer and full-scala
arfjusimants, Easy interiaclng o microprocessors is provided
by tre latched and docoded mullipkexzar sddress inpuls and
lmichad TTL TRI-STATE outputs

The desian of ihe ADSOBOE, ADCOEDY nas bean optimized
by incorporating the mosl desirable aspacts of zeveral AD
corversion technigues. The ADC0308 ADCOR09 offers high
speed, high accuracy, minimal tompesion dependencs, ex-
callant long-12mn socuracy and repoatability, and conaumes
minimal power. These leslures maka this davice [daally et
£d 10 applicatons froam process B maching control to sor-
sumer end sutomatve apploafions. For 16-channel mul
pexer with common ouipul {sampiethoid pon) 2ee ADCIRTE
dzls sheel. [Bee AN-247 lor mors informstion. )

Block Diagram

y

i mwrng g
L1

D 8l

Marzh 2007

Features
m Eazy interface fo &l micropracesserns

= Cperates mtlamettically or with S Vi or analug ssan
adjusted valtage reference

Mo zero ar full-scale Bdjust raguirad

E-gnanmgl muiliplaxer wilh addrase logic

GV to Vo Input range

Cutpurts meet TTL vollage love soecificalions
ADCDHDA equivalent fo MMT 4040

ADCOB0Y aguvalant 1o MMTACHET 1

Key Specifications

u Resolufion B-Hile
= Total Unadjusted Error 4% | S8 enc =1 LS8
= Single Supply BV
m Low Fowar & mw
m Convarsion Time 100 15

EMryur EIrsLamne
ERWTRE & iamal W ERA Y,

l

anE

1

= hNIr iLTaTE
P
! L= R LT
a—t
8 swms - 0—y ﬁ
o SEE o
it REEELN RO
111
Vit EEE BERE R e T A
See Ordering g
Information

8 ICT Natonal Samicanducior Comoration BhrE

‘www rETONEAL CoETE

soxadpiniy |auueyd-g Yiim siauaauod /v aiqnedwod 4r 1g-8 608020Y/808000Y
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E Connection Diagrams
H Duakin-Line Package Moided Chip Carrier Fackage )
< =T
= e | e BEELLTT
2 Hi=lz F] S v
a W1 e f-ha o AR i
: <
; Lt LY ] T
ETART~{E bl S B ey .
[Ena ) FALE [ e U] (1 B o
il i i1 st o 5
DT FHaRtT—] g o2 14— 2 e Vgrr i)
oacc—4in 18 =2 b i [ e B SR
L th! 13 Sl aleai=tnkc]
Trer{#i 12 17 p=2""22 = g - E g H
N G5 =g (=] -
5
i H g
E
Order Humber ADCOBOGCCN or ADCDAOBGEN Order Number ADCOBOBCGY or ADCOS03CCY
See NS Package J280 or M2ZEA Sea NS Package V2BA |
Ordering Information
Temperature Range —0°C to +85°C !
Fackage Oulline NZBA Moided DIP | V2RA Molded Chip Carvige | o0 oided Chip Carriar
A {Taps a2nd Reel)
oo |2 LS8 Unadjusted ADCOBOSCCN &DCOB0ECCV ADCOENACEVY
= £1 LEB Unadjustad ADCOBORCCN ADCOBDSCCY ADCOBDOCTVE

WL natanal cam 2




=
Absolute Maximum Ratings Operating Conditions , E
Nolae 2 1) (Notes 1.-2) =]
* Military/Asroepace speciied devices are raquired, Temperaiura Rangs TinneSTaS T g
oleasa contact the National Semiconductor Seles Office/ —A0FCAT, S 48570 o
Sistributors tor availsbfiity and specifications. Rarge 61 Veg 45 Vo 10 6.0 Vs g
Supply Voltage (Vee) (Note 3) 8.5V -
doitage at Any Fin 0.3V 10 Voo @
+0.3Y)
Except Conlral Inputs
vollage & Control Inputs 03V o 18y
[STASRT. OE. CLOCK. ALE, aC0 A, ADD B, ADDC)
Slorage Temoeramra-Hangs —BE'C 0 4+ 1504
“ackags Disslpation a1 T,=25°C BVE mwW
% Luag Temp, (Goldering. 10 seconda)
Dual-irn-Line Fackage (plastic) 26050
Muldad Chip Carrier Package
‘fapor Phase (B0 seconds) 215°C
Infrared (15 srconds) 29043
=50 Suesaptibibity (Mate 8) 4000
Electrical Characteristics — Converter Specifications
onverler Specifications: Vee=5 Voe=\eer., Veerm GND, Ty ST8T 0y 8o i =640 Mz unless olheryise sigted.
Symbol PEramater Conditions T Min Tvp Max Units
ADCORCE
Total Unadjusted Error 250 =i LE8
[Mate 5) T 19 Traae 5 L38
ADCOR04
Tetal Unadjusted Error FC I TIC &1 i858
{Note 5) T 3 Thasc £% | Lsa
Ingwtt Besistanoo From Refi+) to Rai=) 1.0 25 )
Anzlog Input Voltage Range | (Nals 4) Vi+) er V(=) GND — 0.1 Ve 404 | SV
= Voltage, Topof Lagder | Messured al Fefi4) Vg | Yoo+ 0.
—"ﬂ; YREFl)  |\Voliags, Genler of Ladasr (Voel2)=0.1 | Mo |Vesr 01| v
i Wollege, Botlom of Ledder Measured at Raf(=) 0.1 i i W .
Camparstor input Corran | 1.2B40 kHz, (Mot &) = +0.5 2 A,

clectrical Characteristics — Digital Levels and DC Specifications
Sgital Levels and DC Specifications: ADUOBIACCN, ADCORIBCCY, ADCOA09CCN end ADCOBOSCCY. 4.765 W, S5.05Y,
—2"0ST,5+85°C urless otherwize noteu

Symbol T Parameter | Canditlons [ Min | Typ | Max | Uniis
i 0G MULTIFLEXER

- Vige=3V, ¥, =5v, |
OFF Channal Leakage Current Tam2530 10 200 na,
T 10 Tipae 1.4 LA

VermGV, Vst L
= OFF Grannel Leskage Currant Ty=25G —200 =i nA
g P L F ~1.0 pA
"ROL INPUTS

Logizel "1" Inplit Valiage ’ Wep = 1.5) F

Logical 0" Input Vohage === 15 W

z v D Ooel ooy




M;ﬁﬂﬂl—ll# 2 7 C 64

64K (8K x 8) CMOS EPROM

FEATURES PACKAGE TYPES
» High speald perfcrmancs DIP80IC
- 120 ng access dme availibis verst 2 a8l
= » CMOS Technnlogy Tarlow power corsumption a2z a7 || P
= 20 mAACiveE curran ::,r—:"’ ;:% ::
= 100 p& Stendby curranl ASCHE ] aa
+ Feclory progremming aveilable :;E“ 3 f'% ; '
 Awig-inserliun-compaiole olesiic packeges a2 E | 1a1n
» Ao (D aids aulomaied programming ;:E:'.I :: :E‘E
+ Beparae ohip enable ang oulpul enable conbrols o] 6 [ O |
* High spead "oxpress” programiming sgorithm l: :j :b;:: '
 Droanized 8% x & JEDEZ slandard pinculs ]z 11 o8

- 28-pin Duakin-linz paczage
-~ 3i-pin PLGE Fackage
= Zi-pin SO packags PLCL
- Tape &l resl

+ Ayailabe for the llowing tamperature moges

- Lommarcial: D'Cio 700G
= | Industriai: ~A0C (o +85"C B
e A
) ha A
DESCRIPTION 3 3 e
The Micrcehip Technology Ing, 27564 isa CMOS 64K n 2 e

oit {elastrically) Programmezhia Resd Dnty Memonyg
The device |= orgsnized as 8K words by B bis (BK
oyles). Accassing Indwvidial byles fom an addoess
mansiticn or from power-up (chic'snatle pin going lew) ESEFBEY
2 accomplished inlese (fan 720 ne. CMOS design and
pocessing enables this pert 1o be useo in E¥sigmME
whers reduced pawer sonsumplion and Righ radability
ae requiremenla.

A campiate family of packages s offersd o provide the
st fowbifity in applicalions. For surlsce mount aspli-
cationg, PLCC or SOIC packaning s availablke. Tape
and resl pechaging = a'so available for FLOC o S0IC
packages

2 1908 Misroe=ip Technoogy Inc. D33 1107L payge 1




27C64

—
1.0 ELECTRICAL CHARACTERISTICS TABLE 1-1:  PIN FUNCTION TABLE
14 Maximum Ratings® Mame Function
Voo and Inpul vollages worl, V&5, S0.EN fo o+ 7.25Y | ADAIZ Address inguts
Wre voliage worl, Vas durmg CE Chip Enshia
=k aln[=ygln 1 [N o 1 1 [ 36 1 e
Volags on AT Wirk Va5 voiwenenn 0.8V 1o +13.5V SSaps apbia
Cutput vobiage w.rl Ve=. L =06V tinveo +1.0V PG Program Enable
Storags temparatun ... ..o 65 Lo +450°C VPR Programming Valtaga
Amicient temp. with power apolied ... -BS"C o +125°C o0-orF Dats Output
N ihelice: Stresces shove those listed wnoos "Maimim Ratings” o +5V Foiwer 5
My CEu3R PETMENST, dEmage 12 the devize, This Is 8 3tress ral- PPty
ing only pnd fectiosal opermbian of the dovios #t thase or A7y \as Groumncd
oiner-conad dons eEgve ho3e indicstad In e operetian awngs ot
this spechicaton & torfmplisd. Expoeure 1o macdram ming cor M Mo Conraction, Ne lnlema) Connee-
driong for extendes perocs may affect cavice rallassay, lione
ML Mot Used, Mo Exlemsl Conpeolion |&
Allowed

TABLE 1-2: READ OPERATION DC CHARACTERISTICS

VoE = 45V (=10%)
Commergial; Tamb= O0°Clo+70°C
Il Lesdris ] T2mb = 40°C o +BE°C
; = : 4 Sl
Paramatar Part* Status Symbal | Min Max | Units Conditions
InpLt Voltazes al | Logie™1 Ve | 20 |Veoel| v
Logic ¥ Vi | <05 0.2 W
Input Leakage all = i | -0 0 | pA [ViN=DieVee
Oumput Visiages al | Loge-1* Vo | 24 ¥ |IoK = 400 pA
Logic "0" VoL [oF 1 ¥olleL=21mA
Cutput Leakags al o 1Ly -0 W0 | pA |Vour=ovieVee
InpLr Capacilance all — Cir L= ] BF | Vin=1N; Tamb = 250
| =1 MHz
Output Capactancs all — Cout — 12 fpF | Vo = 0% Tambk = 25"C)
=1 MHz
Powar Supghy Current, o TTL Input g == 20 ma | Voo = 55V Vep = e
Kctiva | TTL input ecz -_ 28 ma (f=1MHZ DE=CE=VIC;
! louT = 0 mA; Vie=-0.1 1o C.8Y;
Wil =20 lo Voo Nota 4
Power Supgly Currenl, C | TiLimput | focis) | — 2 | ma
Standby | TTL inpiit = — ) mi |
" sl CMOSinpul | — == 100 | pA |CE-=vec <oV
PP Read Cument 2l Fead Mode IPF 130 uf |NPR=hEV
VPP Read Vollaga zl Fead Maods Ver  |Moo-07 | Woo v

*Dans: C=Commarcis! Tempsramre Ranga: | =industrial Temeasature Ranga.
Mete 10 Typical active current ingneases .5 maA per MHZ up to operating freguoncy for all femperaturs ranges.

DEIOTL page 2 & 10908 Morocthn Techmmloge ine




27C64

TABLE 1-3: READ OFERATION AC CHARACTERISTICS

AC Testing Wavefom:
it Losa:

input Rise and Fall Times:  10ns
Amblent Temparatira Commareial

Ingustrial

ViE = 28V and ViL = 45V Vo = 2.0V VoL = 0.8V
1771 Load = 100 p=

Tamb= T'Cto+70°C
Tambh =<0 C e +85C

FIGURE 1-1: READ WAVEFORMS

2TC64-12 | ITCE4-15 | 2TCE4-1T | ZTCE4-20 l 2ZTC64-25
Parametar Sym { —— Unlis | Conditions
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
F——— = e !
Addressto Outpul Delay | e | — (120 — | 180 | — [970| — [200] — |'280| ns |[CE=0OE=WvL
TE o Outpul Delay fee | — 120 — |153| — (1M | — [ 200 - 250 | ns |[TE=VL
OF tc Output Delay Wwe |-— | 65| — |70 | — | 70| —|mm | — |100] ms [CE=VL
CE or OE 1o B/F Hgh torr | | &o | ¢ |50 | D |8 o (85! 0 | 80| ng
Impedance
Output Hold from foH | — 0 — 1] 0 — D — rig
Address TE or TE,
| which=ver ooours first |

_‘;J-:E Address Valid

N

S
|-— i) —— -

Wi
Addrezs
YL
— Wil
CE
WL
- Vil
OE
WL
Wi
QLtputs
SO LN

__ ThE

a5

7

loziz [=—

— e

{aFF 3 =—

—m—

—&

r-imx—-r

Noted: 1OFF s soccified for OF or 8E, whichever ocours first.
Z: OE may ba dalayed up 1 YCE = HOE atter tha failing adge of TE without impact on 12E,
3 This garametsr ia sampled and is ot 100%: tested,

Valid Oulout

i 108 Microctup Technobogy ne.

0814 107 Lpaage 2
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e
SErISONMDISTaR ™Y

DM74L5244
Octal 3-STATE Buffer/Line Driver/Line Receiver

General Descri Dﬂﬂl‘l Features
Trnasa buffers¥nge coves s dasigned i©omprove both the B 3-3 TATE oulpuis deive b o direoiy
perfomance wnd PO board densty of LETATE sUBert m psni inpats feddes D5 Ineding o b fnes

arivers srployed & memey-eddress drivers chock doiv- I ;
= feat in
8%, End sus-orented sansmibErairecaivers. Fastunng <60 AT BT I A e i gk

i af b al e T eurrenl PR dple e il B Typizal lag {FiTs Surraniy 24 mA,
they prawide srormyRd aoiee rejeglinr and high Tancat oie- W Typloal [ fsourse cirant] 458
:?gﬂnnu £an ba uead 1o drive lerminsied inee down o B Topl=al proriasatiar calay ek
Invanirg 05 e
Horrry o ing 1E ns
B Typical erablofdisetie tre 18 n=
N Typical power dissgaiicn (grablod)
Irweming 130 mi

o rvaing T3E mwW

Ordering Code:

JaAlBIEY BU/lanlg BudeUng S1YIS-E BI90D vPESTPLNG

Creer Number | Packsgs Nomiber | — Packece Descriation
DRITLL G2 28 WA M= 20 Lond Erall Chutithey egratos Circud (GEXE, JED :-;_: S0, 0300 Wik
Dl TILEIA4E) 200 20-_eed Erall Quling Package (S0P, Al T=2E 1, 5 Imm Wes
DR TALETEEN [T F0. Urmed Flandis Bl i Line: Fackpge (POIPY, JEOSC ME-001, 2300 Wde
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B031/8051 '
8031AH/8051AH
8032AH/8052AH
B8751H/8751H-8

i High Performance HMOS Procaes ® Boolean Processor
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® 32 1/0 Lines {Four 8-Bit Poris) Channel
® G4K Program Memary Spaoe ; E 111 Instructions (B4 Single-Cyrcie)
w Security Featurs Protects EPROM Paris ™ 84K Data Memory Space

Agalnst Soltware Plracy
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tatla for the ROM, ROMiees, erd EPROWM warelone of sash procuel.

Internal Memory Timers!

Qevicy Pragram -D'Itl = Ewent Countars interrupts
AGEZAH EE 2 BEROM 2EE xH HAM 8x16-8it ]
&E1AH 4K %8 ROM 2B X8 AAM 2% 18-8h -]
S061 4K % 8 ROM 12628 AAM 2% 1E-Bit 5
BOGEAH s P80 x 8 ALAM %168t B
BOD1AH il 1288 RAM A% 18-Hit [
B nane i2axd RAM | 2% |B-Bit E
BTEIH £ 8 EFADM 128k RAM 1 x18-Bit E

| B67IHEe | 4KxBEPRONM | 120x0RAM | axeBi | L

Gotaber il
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|
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SICAE—1
Figure 1, MCB8%-51 Block Dlagram
) GES Part & Port 8 b an Bbit opan draln bidirectionsl 110
—--A-C“A E = for. A5 an culput poot g4aoh pincan sink B LS TTL
Part Prefie | F'-'W'HEEE_._O Tﬁ!l Inciuls,
BOG1AHS P | 40-Pin Plastio DIP
BUITAH o 40-Pin GERDIP Fort 0 pine thal have 1S written 1 tem fasy &nd in
. ) M d4-Fin PLOC that atela can bo iged as Wgh-mpadancs inpuls

( gm E :&ﬁ E;ﬁgm Port 0 is-elsp the mulliplsved low-ordor addross end
W 44-Pin PLOG data bus during serasses 1 eternel Program and
— Cate Mermary. In thie aopfonlion i usas sorong inber-
| BiGtH/ D 40-Pin CERDIP nal puluze when emitbng 15 ord can scuce end

i 8751H-8 A 44-Pin LGS zink B LS TTL Inpule,
Fon [ elsc mosves the code bytes during program-
PIN DESCRIPTIONS ming of the EFRDM paris, &nd auimrs the code
bytes during program verficsflons of the REM and
¥oo: Supply valiags, EPROM porls. Exterrsl pullupe ara rsquirad during

progrom wwrilloatian.
¥imt Cioult graund.
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20c D W 4525175 0079080 L MW

intel o PRELIINARY
St T-49-19-07
SSRMONE BULY
{ : = P 0] e
T2EX PLAE 0 ADY INEEN
e B [0 Poa A W'l"f“\‘
Pace IT|DFe2 A
AR e mE R .
M 350 AT 40 P i [AD4)
e 351 pas KOS M OB D)
rMITl 1 PaE AT rir N L ]
{ RST S 0 PoT ADT haT PO (AT
mAR Fa O] O B e [PEE PRa [ v
TROERE 11 M7 MLEARDD w e
TIP3 12 201 PEER (b P WLE TR
iNTT P22 E 1 l: FE.T A%S HTT P ]
TorEd ] T PREATA NTT
TiPA s TIPS k13 ME :::1:]'
wH P3e L] 8 FE il T . i
RO RATCJ 47 PN FLY ATH
ETALY ) 18 211 P2 ANG
EraL: Haw - 3P PR Ad
Vo O30 PO AL
Pin (DIP) St
Pad
(LEC, PLEC)
"EFRCM anly

Flgura 5. MCS2-51 Ennnl:linm

Part 1 Fart 1 13 an B-bit bidkechonal |/Q port wilh
Intsrnal pufiupe, Tha Port 1 autpat butfers cen i/
source 4 L8 TTL lnpuls. Pork 1 pine thel heve is
written 1o fhem ara pufled high by the Btemal pull-
ups, and in that state can be usad & Inpuis. As
impuis, Fort 1 pina thel are axdemally belng pullad
Jowe will souree cutrend (kL on the dola shest) be-
cavzs af the Inbame pullups.

Peft 1 nlzp receivea Wne low-order address byles
dhardng pregramming of the EPFROM parts and during
pgram verlficalion of the AOM and EPAOM paria

In the 3032AH ard EOGEAH, Port 1 pins P10 and
P1.7 also serva the T2 and TEEX lundtions, respac-
Ehraly.

Fort 2: Pert 2 15 an 8-kl bldiractional /O port with
Inteeral pulhmps, Toe Port B culput bulfers can &k
sourca 4 LS TTL Inpuls. Part B pins thal have 13
verlttan o tham A pulled high By the insermnel pll-
ups, &nd In that etale can be usad A= inputs. As
inputs, Porl 2 pins that ar exiomally baing puied
low will sowrce ourmant i on tha dala eheal] bie-
caysa ol the internal glllups,

Port £ amils ¥we high-ordar eddress byla duing
leiches fram edsmal Progrem Mamery and during
mccaERes 1o axtarnal Cala Mamery that use 15-Dit
addregsss [(MOVE DPTR). In this sppli=ation [t
umes sifong imemal pullups when amiting 18, Dur-

7-48

Iy accessas to exterral Data Mamony that tes B-bit
adldrasses (MOVX @F), Port 2 amits tha contente of
he P2 Specisl Function Regletar,

Port 2 sk rocalaas tho high-ordor mddeess blts G-
Ing programming of the EPROM paris and during
pragram varticelion of the AOM and EPRCK pars,

Part % Porl 3 1 an B-bit bidiracional VD port with
intarne! pulups, Tha Port 3 oulgut bulfaee can inkd
gouros 4 LS TTL lrpute, Per 3 pins that have s
witien to them are pulled high by tho Internal pufl-
ups. and in That siate can bo usod 2= inpuls. As
Irpuls, Pord 3 ping [hat o oxternally toing pulled
law will source currant (g on tha dale shest) be-
cause ol the pulhsps,

Fort 3 glso semves the funciions of various special
fasiures of the MCS-51 Famiy, as listed below:
Part
Fin
P3G | RsDisorial input pod)

B3l | TXD (gedal oipul por)

Fa.z | INTO fearnal inlerrupt )

Fa.g | INTH jexiamnal intermipt 1)

P34 | TO(TimerDaxdemal inpul) I
F3is '%H(Thmr 1 sxternal input) |
FaG (@xinrnal calE memony wite strooe)
3.7 l A [sxtarnal data msmory read sirabe) |

Alternative Functon

ol T
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MCSE.51

20E B M 482k175 00790481 &4 W

PRELIIGARY

FBT: Aaselinput. A high on this pln for twe maching

cyolés whia The cecllietor s minning raseis the da-
vice.

ALE/FAOE: Addrosa Lalch Ensbls oupul pulss for
latehing ihe low byle of the addres during accosans
o eetopnal memary. This pin s i the program
pulse Ingul (PADG) dwing programming of the
EPRCM paris,

In narmal sparatlen ALE & amittzd at a constant
reta of % the ceskiator fraguency, and may be used
fer satamsl timing or olsoking purpoase, Nate, hew-

ever, that gne ALE pulze is skipped during sech ao- )

cess by wdemal Date Mamory.

FEEN: Frogrem Store Enable s the reed sirobe o
sximmal Program Mamory.

When tho dovice i3 sxeculing code from exemal
Frogmm Memory, PSEN la activated twice aach ma-
chine oyals, oxcept thal twa PEEN actvations ars
skippad during ¢ach access ta exlarmal Data Momo-
Li

ERiVom Ewtornal Access ensbie SA must be
sirappod fo Vae in order to enabla any MOS-51 da-
wiea to looh cods fram sxtermal Frooram mamary
facafons staring el COCOM up 1o FRRFH EA must
b aliappad 1o Yoo 1o Internel program executian.

Hala, however, that I the Bosurily Bk In the EPROM
oevicas in programmed, the dewics will not feish
codin fram any lecaion in axlamal Pragram Memary,

Thiz pin also rocoives the 21V pragramiming supsly
vatage (VFPY dudng progmmering of the EPACM
Fars

I  a

PRy i

=

l €1

| S

I -

S =2
| D1 C% s D0DF 410 pF fof Coysinls
| = AU AF £ 1D fer Conanib: Femcrabos

Flgure 3, Oscllatar Connectlona

T=4T

T-49-13-07
XTALY: Input i tha Imwring ceciliator amelifisr.

XTALR: Qulpyt fram tha invarling cecilislar amplill
mr.

OECILLATOR CHARACTERISTICS

KTALY and XTALE ara the inpul and aulpit, resnes.
thraly, of an invarting amplifer whigh can be config-
wred for usa &S an nn-c;rip gaciiistor, a8 showa In
Figura 3, Elthar a guanz crysial or ceramis reganator
may be Wsad. Movo dulailed information canaarming
the s of the on-chip osciliniar & svaliabls in Appli
oation MNole AP.158 "Osclinlase for Micrecontrol
lore.

To drive the cevies lram &n axemal clock sourca,
XTALT should ba grotndsd, whils XTALZ is drivan,
as shown In Flgio & Thers ere no requirermants an
e duly cyoke of Uw exlamal clock slgaal, sincs the
input ko the Internel Sieckicg dirculiny s Through &
divide-by-two fiip-llop, but minimum ard mastimum
high mnd low times apacifiad o the Date Sheet must
e obamrved,

EXTERMAL -
AREILLATOR ——— | g
BiGHAL

ETALY

e
Flgure 4, External Drive Configuratlon

DESIGN CONSIDERATIONS

Il an 87518H or BT52BH may replace sn 8751H in 2
fulure design. \he user mhould cansffy compars
th dats shaeis tor OC ar AC Charagianistio -
ences. Mole that the Vi and Iy speciiicattons for
the EA& pin difter eignificantly botheen the devices.

Expasure Io fight whan the EPROM devica |8 in op
aration may ceuso logie errors. For Ihis reagen, it e
suggested that 50 opague mbel ba placsd aver tha
windaw whan the die 8 exposed 1o ambient Fght :
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20 [ M 4625175 0075082 T m
L LAY

ABSOLUTE MAXIMUM RATINGS*
Arvblent Tamperalurg Under Blas ... 'Cio 70°C

= T'_#g-—lg"l:"]

"Modics: Siresses above thass bsted Linaer b
Jta Mlavimum Reiings ™ may ceuse parmanan! dam-
dge 10 e devive, This i= 2 shpss g only and

Storans TOMESTEIUNS .« vewonas —HE" 10 + 1600 functional cperatian of Mg cewse BT fese or any
‘f:l!a:zlﬂﬁggj'vfp Finlo Vas ... 05V o =21 8V athar condiions above thosa Indiceted in the apara-
e = i tone! sectians of s spsciicaiion is ol impliad. Ex-
‘¥ollaga cn Any Other FinleVeg .. .. — 05V ID + 7V Fosine o shsoluls mavimum raling condikons for
Powar Disspallon. .o cieisnans G s R A 1.5W sxlenided’ periods may sffect davos retigddiy,

D.C. CHARAGTERISTIGS Ty = 0"C 10 70"G: Ve = 5V £10%:; Voo = OV =

|E]rmhut Parametar [ Min | Max | Units | Test Conditians
™ Input Low Voliage (Except ER Pin ol —0&| 0B v
A B751H & B751H-8) .
1%L | Input Low Volege 10 54 Pin ot ) o7 | v
B7TSIH & ATEIH-A
Wiy input High Voiltaga (Excap: XTALEZ, 20 |Vpot 08| ¥
_____ RET)
Vi | Input High Valtage 1o XTALZ, RST 25 (Voo + 08] V [XTALL = Vae
=t Duilpin Low Valtnga (Pors 1, 8, 3)° 045 Y |ty =16mA
Voot | Outpwl LewVellage (Pon 6, ALE, FEEN)
B751H, 6751H-8 0.60 V i = 82mA
045 v Ip = 24 mh,
_| Al Cithers D ) ) Yo (g =32ZmA
Vou | Output High Voltnge (Pans 1, 2,8, ALE, PETR; | 24 V. |lgy = —'BOuA
Vo | Output High Veltege (Part 0 in 2.4 Vo lpy e 400k
Exlaraal Bus Mode)
fiL Logical O input Current (Porls 1, & 5,
AST) BOGZAH, B0S2AH —800 | A | Vi - 08y
Al Cinarag —aan ph | Vg = 046%
lis Lagieal O Inpuk Currast ta EA Plnaf {5 mh | Yy = 0.45Y
B761H & B7611-8 Only .
g Legicel 8 Input Current (XTAL2) —9.2 | mA |V =045V i
iy Irput Leakage Curmont {Port 0] |
B751H L ETETHE | 4300 | pA | 045 < Vi = Vg
All Cthers + 10 P | 04B 5 Vi s Vog
i Logical 1 [nput Gurrent io EX Pin ol 500 BA | Vg = BAY
|r__ ! ___@i‘ 51H &BFE‘[H_-E_—___ -
m Input Gurrent to BET o Aclivate Raset _ BOo pA_| Vg < Vo —1.5Y)
oo Pawar Supply Current: |
8031 2051 1R0 ma
Bo3TAH/BOE1LAH 125 rmd | Al Cwpuls
BogRAH/BRSZAH 176 mA | Dlsconnoatod;
BTE1H/BTEIH-2 250 mA | B = Ve
|G Fin Sapaciance 10 | pF | Testleg = 1MHz
THOTE:

Capadhive loading cn Perts ¢ and & may cewe spuicus rete pulses o by superinpesad o0 the Vi s of ALS end Pors 1
and 8, Tha nolsa 8 ched o estamal bus cepaclsne digcheaging inio e Porl 0 ard Pord £ pins when tvese gins maks 1-10-2
rarsivons durng bus apeseione. In (he wersl cesss [capadilve loading = 100 pF), e mobss pulse on e ALE lino moy
srcead BBY, In such sakas il may be dagaahls 4o qisality ALE wilh & Sehmlt Trigger or uss 80 sddseas laich with & Schmid
Trigger ETROBE ol

7-48
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&N;‘H!Uﬂul Semiconduetor

54LS00/DM54LS00/DM74L500
Quad 2-Input NAND Gates

General Description Features
This device cariaing fnor Isdepandars games sach o weicr @ AlEmaE My Aonsspes deien [SAL300) & avel-
perorms e dogic NARD Logilon abla CoanlEst 4 NaSonal Seminnndadclor Bales e/ I

Eesiributar o speckicatlons,

| Connection Diagram

Cunl-in-Line Package
L I (2] (2] T U1 (1] L]

" T fz " " i

1 i b o

1 l
Al ni
LE ey
Qrder Humber Z4L5D0DMOR, SIL300FMOE, B4LSI0LMOE, DMSILS00L DMEALSOLY, DMTILEOON or DM T4LSO0MN
Sae N5 Package Nember CROM, JTEA, MIAA N1LA or W14B

o =

T al L H Tl GED

$2]eD GNYN Induj-z PEND 00STFZWA/00ST¥SING/00STHS

Functlon Tahle

e 1]
Inguts Owtgul
L a Y
L E H
L H H
ka L . F
- - L

= High-Loge: Lowst
L = Low icge Levd

Tow AN TR R i T TR PR ATk A g L B




Absolute Maximum Ratings i

It MHHary Aerospace specified devices are required,
pleeae coniael the Ketlonel Semiconducior Seles
FHice ! Dinirntwtors for luﬂ.ld:ﬂ?tr and spedfications.

Sapply vohege T
Inpus Yokage T

Kote. ime Abenine Memusn Sufngs” aen hose values
bapnad whish P gafate of Bhe devis csanol DS g

el The devcs Fhows’ ool 0s ooersted af Mose s, The
DRAEMATIC VENSS DEMNac in e “Cecrs Chiaracteasiiog ™
bt e el it ol e pheodils marieum rafngs
The “Gacommended Goembing fondiinogs e will dedre

Crrarating Fraa A Tamparaturs Rangs
DMEALS and B4LE -ErGic — 1250
DMTaLS e [ B T
farage Temperaiurs Ssnps —EPGwe —160°C

e conaipions for eIl Jewcs Qoanain

Recommended Operating Conditions

Byrnbal Pargmeter pMELEN DMT4LS00 Lindts |
Min Mam | My Min Mo [T
T Supply Valego 40 g ns e £ 05 W |
| W ligh Leval Imm. Viataga = 2 __‘u"_
W Lo Lewe! Impul Voliage | c.7 a2 W
Io High Laval Dulpis Carert = .4 ~0.4 ma
1 I Lo L EVEL DLt Gurant I B A
T Frae Alr Gparsting Tergurmum —ER J 13 -J it ‘o
Electrical Characteristics s mosmmandat ponrating 1rea 3k (Smganiture i ks olbomdi nobed)
I Symbal Paramelal Cowditionin it TP Mnx Units
Mot 1) =
v Inpul Ciemp Veollage Voo = 'Minlj = —ama =14 N
Vo Hig Dol Chatpull ;'I'.'.". = iy, Iy — Mu_:.. _l.'_L: | -3 | :a = W
bt P i ChiTe 23 i
Wep || DowiLhusreAdeo Wi — Wil — e || kiBE) taz Py
Valage Wi = Min OhTa 0 e v
lo. =dmAWVoc = Min | DME | e A
5 Wy T
i ::::E::::':é.* Max Ve o WlER, W W o1 ok
i  Hign Level Inprt Cairrett N = Meg W, = ETV |k e
i Lo Liswnal LAy Crrran I V= — Mk, ':' = bt ) [ | )] i,
s Snert Cireat Ve = Max ECHET | = |
Dutpir Currsm §Mote =) CTA & —100
CoH g@n“:l.]]::}j;imﬁ i Vpe - MEX (s 1 i
lgoy | Eml.:gli;ll:l::nlw'.r Wi = Wi o | aa i |

Switching Characteristics atver = 5vand 7) = 25°C 15w Sectien 1 for Test Wavsforms 504 Otipa: Load)

AL = 2kl
Symect Parameter C-15pF | ©L-50pF G
Min ‘haz Min [ Max
Ny Procageilen 2oy Time
Law 10 High Leval Sutpu: & o B 4 15 re
=y Bropgapmans Dulay Tira
Wi |oowd | frar] Dkt i L 4 -] i ]

WHE T AR Sapial e Al Vi = W Ty = F5°0
lehle 2 Mok erone thar coroaic shoold ba s*onec sl s Line and Ba doslion shodd mod eoesd o werond

2




e ——— iy anE
EFAIRCHILD e
SERMIOMOUICTONS T

| DM74LS02
Quad 2-Input NOR Gate

General Description

; Toae e oo o ckependent gales asch of which I
sarfonms 1 Ioes MR uncicn

Ordering Code:

e YON induj-z pend Z0STPLING

Oirgar Nurmbor [ Package Kumbor Fz ke e Desciption
MisA ta-Laed Small Jullivg Integrebed et (316 JEDES M3-120, T 130 Narmow
(1R FTs) 144 opd Tl Dulline F-"_»r)caqe l'ci..qizf_”_'-\_';'.t_-l. 'J:E"'l"\- Wi
B _ WA *#-[ead Fiasic DualinLing Pacage (PO, JCOTC ME-007, 0300 Wide o
T Dereurs wo weulaie - s amal P Eocmip by goct ding e s i nler T 15 T oraaneg cogs —
Connection Diagram Function Table
W = = i T [ (1] Y= AsB
I 1
I S VS O T S S T BT
O : ; >
L [ | : = iy [
-{ — 1 H L
H L L
11 P At A
L-LOW Lagpuluea
us P | i | -
i ml i Vi e r n

& 2000 Farchid Sem condusior Coraoration S E0Ma4 1 whiow taireridssml com




Absalute Maximum Ratingsmoa )

Tl 0 1% TR e T STalmge” A oee wmiiee he et arhuss
Sugply Vollagn TV e vy ol fireovee seoant Be pemreaas The dease shooi nal oo
et b 4 EERIE 3l Cees min The @amesi wolees Sfned.n i St

T ey L i e i (0t Dokl il Dol nlratd sl S TR
ha fiscnmmentes Dinsnring Cordnen e st Ashas R ensienn
At AR e AR EaS

DM74LS502

g RN L
655 11 =150

Ohjiurnthicdg Frew' A Fampaliiirs Eangs
| SwrazeTermperalure =298

Recommended Operating Conditions
T Symbal Paremater W Ko [ Wax | Wnlls
Vi Sappily Wl g 4,72 o e | W
Wim HEH Leval ingut Vaitege 2 W
Wi LTy Lt gt Vots; TE 5
‘o 1151 Level Cutpia Cumren 4 T
oL LERA | ewel Dt Glre s 7 Ty
|71 TTes AP CFarEing Emoersiog e HF - 4 m | Er]
Electrical Characteristics
o ucomenunded coevabng Poe ol beodmedlune ooty (Ukss obwnemanome =
TR ]
By Pararmeim Condtians i, i Mna iknits
v npet (2 W Verm Wi, | =—15mA } — =
Wi I Lol Wiom = ML o — Wan B =, T
Ditlinal “eslia o Wy = Max
Wel LYY Ll Wiz = Min, Iy = Mnx, i Ak
Chripust Wolsge W = MR v
— =3 M, Vo= Min I
h gl Courrmnic ) e Lrou. uesliciom W w i, W | oA ok
T ;A | Feoal pua. Gy Wi NN, Wy LT U s
T 0T Lol + g’ Epreamiy | Wem =iy oy = AL =
o Zhr] Cliul Dot Gurmnentl | Wes = Rk (M0 ) B ] B
o Sippy Curentwih Qumpids IGH | Wiz - M i EX] L
lemy simppey Durent win Dctpats SO Wen = A P ] Sl il
Posvbl 10 BM S SR SN WE Y - 2 Ty e BT
Rnba 30 Miod mars fhan Soeosimh shnn A ma o ehaSed Wl LHE AR TRA D ATIHNA SOOI N ERAOA 070 $OLGNE
Switching Characteristics
Aiber = Sard TanBHS
W, =700
Symb R =12 pF Gy = ok Uibe
Min M Min Mon
. a e
ek T ey i L+ 1 3
| kel G Lral Subgs
T ropagatian Delay Trme \a 12 L
154 Mol E Ny Lol St 5 B

W HECH T o




- . & . digtu TBEH
Natlrtonagl Semiconducteor

' 54L.504/DM54LS04/DM74L504 Hex Inverting Gates

| General Description Features

Uhs device coolaing B rnluturdir] gilas sach o which 8 Alsmale Mlesy saroopeze deaoe [S4L504) i3 ava
| serfarma the sac INVERT honcdionn abihe Gt o Midenal Samiosrducior Balog Difica’
| F¥innlen oo speclamilons

Connection Diagram

DruaHn-Line PREosne

¥ 1§ i (1 ki ] ni u

RN 1IN RN (U

sajen BuipaAu XaH FOSTPZNA/POSTPSING/F0STFS

[ [ drea
] (1] (L] T i ] LI E8L
e, P
Order Humber SALSUADMOE, SALSEOFM0E, SALRMLMOE, DMLELEOL] DMSLILSOIW, DMTILSO4M or DMT4LE04H
Sme WS Packags Humber EDOA, JT4A BTAA, NT4A o W1iB

Function Table

¥=A
Inpail Sutput
' ¥ |
H
H E
H = Highlogo lawve
L= Lesw iop: Lowel

T-mat hmponsl Saemeonm o CaayavennT LR RSO R Tt b L 5. 5




Absolute Maximum Ratings s

11 Ml by / haroepace specited cevices ard reguired, HoE The “foocass MpmrurT T ST Soee splas
pleace eontsci the MNetlanal Semlconductor Ssles by wier® P sty = B St Speei = s
oifica/Dierlbuiors for avallabiily and speclifications. BT TR T ARG T N Se— i T— e
Qimaly Ve taps il LAl vEe JRer © e Tamwa sesmmesmn
it Wolbags 7y AL L A0 QAR F M EEoul TR S

The “Jecommerces Dpoeteg o™ it ol Sl

Dperating Frad A Tecpsatie Ranps Ther COr RN P ot e

JidALl B arm 5408 =550 W+ 20
CM4LS {5 o I« B 6
Bprage Tampamidurs Fangs —GECm 150G

Recommended Operating Cunditi:_:ns

% Symbal Puremelar L i uurﬂ.:_m— e
) Mir Nem Max Min Haom LY
Weee Eupgly Voltags &6 g bt LB ] LIS -4 i
My High | suel It Vottags 2 i | L
L _Low Lawiad nput Violtage o7 [E i
i High Leval Guigul Gurrsat g | | | -pa | =
I= Low: Lewal Outpat Guerers 2 ] s
Ta [ i:rI:l A Cporating Terrgreaakins -55 = =SS g — M= T
Electrical Characteristics ove secommasdes speraing ree alr e moarslurs range funiess pisarwes noted)
. Tep
Eymbol Parzme & Condgitions [ Min (Mote 1} M units
¥ Input Clama Vohags Vo = I'.:'-u.- Iy =~ 1B A - 14 )
W His! Lewzl et Ner o MiE s — Mas, fhies | 8% | &4 v
VeoiEpa Wi~ Minm CuTe [ & 54
Vol Low Lowod Dulpur Vee = Win o — Mss A | . || 1.5 _l'i !
Yoltage Wi = Min THATE fige . Gy W
ta, = 4 ik Ve — MM T i [
H Il el & MK Ve = MW = IV ' & o
inpat Violkegs ! { o
W Hligh Leval Irsut Curent Vg = ek W) = 2TV 0 i
hi, _I':\.;'I ot Inpnd vl | Ve = Max W = 04N —03E i,
I.._-.s Shirt Gireui Vi = Mes Tl ~20 =T ] =
Cratgn Turrant (Ml OTA —30 g
_{-,-H Suppiy Cumest with Voo = Max 13 4 w
Ohitpate High
Iy Supaly Curemt whin Vi = Mex yg a4 A
Cumpeits Lew
Switching Characteristcs a voo = svend Ta = 297 [Bur Stk 1 foe Teet Wavidons #rd Quipul Load)

Ry = # Wil
Symbol TEETEIAT G — 18pF CL - ﬂ_EF = Unfis
Min Mzx Mir e
T | Precesiee Deny Tme I 3 1b - . ok l
Lo i Vg Lives Cotpan
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