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ABSTRACT

The design is intended for medical purposes, specifically, monitoring pulse rate
and blood pressure. The design is capable of transfering the measured data to a host
device such as computers through the use of ZigBee technology. The device includes
software that reads the data being taken by the receiver. The study will aid in solving
the problem of medical practitioners regarding the use of traditional method when
assessing and monitoring pulse rate and blood pressure. The design comprises of digital
blood pressure meter and a pulse rate measuring device. For the blood pressure,
pressure sensor was used, while for the pulse rate, a light dependent resistor was used.
The design allows fast method of monitoring blood pressure and pulse rate. Data are
transmitted wirelessly and can be interfaced to the computer allowing fast transmission
from a distance. This was proven by tests conducted during the research.

Keywords: Blood Pressure, Pressure Sensor, Pulse Rate, ZigBee
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Chapter 1

DESIGN BACKGROUND AND INTRODUCTION

This chapter provides a general overview of the design project. The
background of the design, the statement of the problem, the objectives, the
significance and impact of the design, the scope and delimitations, and definition

of terms, are presented.

The Design Setting or Frame of Reference

Pulse rate detection practice has been present for centuries which are
done for diagnostic purposes. Further improvements of pulse rate monitoring
continue but the principles are still the same and it is mostly intended to provide
a reliable and convenient way of measurement. Pulse rate monitoring had
already been attributed to the prevention of further escalation or diseases such

as Congenital Heart Disease and other chronic heart ailments.

Blood pressure measurement was first monitored by the Egyptians
through the simple palpation of the pulse. Blood pressure measurement is
heading towards reliable data reading and noninvasive approach into taking
measurements. Innovations were already done to develop a much accurate and,

at the same time, convenient device to assess ones blood pressure.

Wireless Medical Technologies work on the basis of wireless

communications, wireless applications, and other wireless technologies. Existing



Wireless Medical Technologies include Wireless Networking Technologies,
Wireless Home Medical Equipment, Wireless Point-of-Care Systems, Wireless
Remote Monitoring Systems, and Data Management Systems and Software

(Infiniti Research Limited 2009/01).

The convergence of technology and medicine has produced a new way of
medical practice and this is termed as telemedicine. From the common prefix of
“tele™ which means distant or far, the basic idea of telemedicine is health care or
medical assessment taken from some distant location via telecommunication
technologies (Stapic, et al. 2008). This system is aided with tools that make
health assessment from a distant possible. These tools are called health
monitoring equipments and are worn by the patient. Such equipments are then
capable of transmitting the health status or data of the patient to a network for

analysis and collection.

The implementation of new health care deliveries, such as telemedicine,
will gradually increase the value of clinical health data and will thus create an
incentive for collection and proliferation of health information electronically within

and between medical organizations (OTA-ITC-624 pg.8).



Background

According to the World Health Organization (WHO), cardiovascular
diseases cause 17.5 million deaths every year. Considered as one of the three
major deaths in the world, Cardiovascular diseases are caused by disorders of
the heart and blood vessels, and include coronary heart disease (heart attacks),
cerebrovascular disease (stroke), raised blood pressure (hypertension),
tachycardia (increased pulse rate), bradycardia (slow heart rate), peripheral
artery disease, rheumatic heart disease, congenital heart disease and heart
failure. The proliferation of such diseases and different disorders has now
become an alarming issue and due to this problem, there arises a need for better
diagnostic methods and tools. Chronic disorders are well treated if monitoring a
patient’s health can be analyzed in real-time even without the presence of a

nurse or a doctor.

The design is intended for monitoring a patient’s pulse rate and blood
pressure. In comparison with the traditional or conventional tools already present
which are used in the medical field, specifically the sphygmomanometer and the
stethoscope, the design presents an innovation by combining the monitoring of
the pulse rate and blood pressure into a single device and it is incorporated with
a wireless technology, ZigBee. The design is also capable of interfacing data and

result from the device to a PC monitor.



Basically, the design comprises of a digital blood pressure meter and a
pulse rate sensor for pulse rate reading which can be used interchangeably
through the design’s accompanying software. For communication purposes, the
ZigBee technology will be used for wireless data transmission between the device

and the host PC.

Statement of the Problem

The study will address the problem of medical practitioners such as
doctors and nurses in relieving the contemporary and native methods by
improving the way medical data is taken. At present times, the nurse or doctor
will attend to the patient and do some monitoring with conventional tools. After
the monitoring is done, the results are written on a record sheet then transferred
for further reference. This is done for each of the patient present in a medical
area or in a hospital. As one can see, having a medical personnel attend to each
of the patients will require time and is quite cumbersome especially to those who
are in public hospitals.

The monitored data, on the other hand, can be inaccurate because the
result of the reading will depend on the person who uses the traditional
sphygmomanometer. The problem in it is the difficulty in using the traditional
device, especially in hearing the beat for systolic and diastolic pressure as well as

reading the gauge. Moreover, the process used by the medical practitioners in



determining person’s pulse rate is somewhat imprecise since the measurement
depends on the number of pulse beats the medical practitioner can hear.
Furthermore, the manual recording of monitored data will be difficult to
sort and organize. With the aid of the design project, monitoring of blood
pressure and pulse rate of patients will be made through the use of a wireless
device which is also interfaced to a PC. This method will greatly aid the doctors
in their medical assistance to patients conveniently, in a way that the attendant
will no longer bring record sheets along with them all the time since the design is

capable of interfacing obtained data to host PC by means of the ZigBee protocol.

Objective of the Design

General Objective:

The general objective of the design is to develop a system that could aid
and improve the traditional ways of assessing and monitoring blood pressure and
pulse rate of medical practitioner towards his or her patients through the use of

a wireless blood pressure and pulse rate health monitoring technology.

Specific Objectives:

To create a ZigBee based health monitoring system that is interfaced to a

personal computer, and

To test, perform and compare measurements between devices.



Significance and Impact of the Design

The conceptualization of the design is based on the need to further
improve the way medical practices are done. The beneficiaries of this innovation
will benefit medical practitioners and patients. The prevalent methods being used
before are likely to have suffered inefficiencies and the introduction of the new
methods will greatly improve the way medical service is given. For the time
being, such systems are already present but a need to improve is evident.
Present systems tend to suffer inefficiency brought by issues regarding security,
power consumption and ease of device usage not easily present on older
wireless monitoring systems. Although the cost of such systems will inevitably be
a little higher than the previous systems, the advantages will likely outweigh
such small differences. This system is aimed to assist doctors and any others in
the health industry. The study is relevant that it can enhance the way wireless
health monitoring devices are used. Usage of the tools with the ZigBee modules
for data transmission has a possibility to have a longer battery life which could
provide more service hours to both the doctor and the patient. Critical usage of
the monitoring devices involved medical relief missions and the role of these
devices are considerably important. Therefore the service time of a device is a
great concern. Furthermore, as the findings taken by the monitoring tools
concerning the blood pressure and pulse rate data can be transferred to a
computer, data storage and retrieval systems can be implemented so that the

findings can assist related future cases which can ensure fast recovery for the



patient and less time for the doctors. This will also allow them to have more time

to diagnose other patients who are in need of medical services.

For global impact of the design, this would greatly help in the spreading of
awareness of possible risk in one’s health. In addition to that, it can persuade
others to do some improvements concerning medical matters. Furthermore,
because data is already present in its digital form, collaborative works between
medical practitioners from different parts of the world can be implemented for

studies on specific diseases.

Scope and Delimitations
Scope

The scope of the system involves the use of a digital device comprising of
both blood pressure and pulse rate for the health monitoring of the patient. The
device uses ZigBee technology for wireless data transmission.

A personal computer is used by the system to handle data storage and
display taken from the ZigBee devices and is therefore well suited to read the
data being taken by the receiving end. Raw data being taken by the device will
now be transmitted to the receiver of the Zigbee. Then it will be displayed in the
host PC monitor using software which reads the data being taken by the ZigBee
receiver connected to the serial port. The software is also capable of checking

the connection between the transmitter and the receiver side of the ZigBee.



Delimitations

The device is designed to monitor one’s pulse rate and blood pressure.
The blood pressure and pulse rate can not be measured simultaneously and is
done one at a time. For data displays, a computer is used, in which a receiving
ZigBee end device is attached. To view the data being obtained by the device,
accompanying software is needed to be installed on the PC to be able to view
the data from the ZigBee receiver. Also, database is not present in the design to
record every single data since it is only capable of transferring the last value read
by the device and therefore, have no way of retrieving the previous data but to
measure again. The device will not function properly if the blood pressure and
pulse rate monitoring device go beyond the allowable transmission range of the
ZigBee, which are 40m for indoors with interferences and 120m for outdoors
with a clear line-of-sight. The sphygmomanometer can handle about 200mmHg;
whereas the wireless device could only handle up to 170mmHg. The design is
only intended for one transmitter and one receiver. It is primarily intended for
human use only. Some discrepancies in data reading of the blood pressure
device may be observed due to its digital nature, wherein the measurements are

derived from the readings.



Definition of Terms

Block Diagram. This term refers to a diagram represented by blocks connected
by lines that show the relationships of the blocks (S.M.H. Collin; “Dictionary of

Computing 5™ edition”)

Blood Pressure. It is the force of blood against the walls of the arteries caused
when the heart pumps blood to the body parts. (Oxford Publishing; “Concise

Medical Dictionary 6™ edition”)

Brachial Point. This refers to the point along the arm where the pulse in the
arterial veins is strong and can be easily felt (Oxford Publishing; “Concise Medical

Dictionary 6™ edition”)

Diastolic Pressure. It is the least amount of pressure exerted on arterial walls,
which occurs when the heart is at rest between ventricular contractions ( Turner,

J., IU Center for Sports Medicine)

Flowchart. It is a diagram that shows step by step progression through a
system using connecting lines and set of symbols (Gary J. Bronson; “C++ for

Engineers and Scientists”)



Graphical User Interface (GUI). This is a user interface that allows the user
to activate operating system commands by clicking in a desktop icon using a
pointing device such as mouse (Ida M. Flynn and Ann Mclver McHoes;

“Understanding Operating System 4" edition”)

Hardware. It is the physical machine and its components, including main
memory, I/O devices, I/O channels, direct access storage devices and the central
processing unit (Ida M. Flynn and Ann Mclver McHoes; “Understanding

Operating System 4™ edition”)

Health Care. It refers to the prevention, treatment, and management of illness
and the preservation of mental and physical well-being (The American Heritage®

Medical Dictionary, 2007)

Interrupt. It is a useful way to grab the processor’s attention, get it to perform
a special task, and then resume execution from the point where it left off (James
L. Antonakos; “The Intel Microprocessor Family: Hardware and Software

Principles and Applications”)

Light Emitting Diode (LED). It refers to a diode that gives out light or infrared
rays when electrons enter holes as current flows through the diode (Neil Ardley;

“Concise Encyclopedia Science”)
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Light Dependent Resistor (LDR). It is a variable resistor whose value

decreases with increasing light intensity (Encarta Online Encyclopedia)

millimeter of Mercury (mmHg). It refers to the unit of measurement of
pressure; a pressure of 1mmHg is that exerted by a column of mercury 1

millimeter high (Neil Ardley; “Concise Encyclopedia Science”)

Microcontroller. It is a souped-up microprocessors with built-in features such
as RAM, ROM, interval timers, parallel I/O ports, and even A/D converters
(James L. Antonakos; “The Intel Microprocessor Family: Hardware and Software

Principles and Applications”)

Network. It refers to a system of interconnected computer systems and
peripheral devices that exchange information within one another (Ida M. Flynn

and Ann Mclver McHoes; “Understanding Operating System 4" edition”)

Operational Amplifier (OPAMP). It is an electronic unit that behaves like a

voltage-controlled voltage source (Charles K. Alexander and Matthew N.O.

Sadiku; “Fundamentals of Electric Circuit 3™ edition”)
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Printed Circuit Board (PCB). It is an insulating material used as base, into

which conductive material strips are printed (Babak Kia, 2005)

Pulse. It refers to the rhythmic expansion and contraction of an artery caused
by impact of blood pumped by the heart (National Health and Nutrition

Examination Survey III by Westat, Inc)

Relay. It refers to an electrical switch that opens and closes under the control of
another electrical circuit; electrical device that switches on and off (Neil Ardley;

“Concise Encyclopedia Science”)

Systolic Pressure. It is the highest point of pressure on arterial walls when the

ventricles contract. (Turner, J., IU Center for Sports Medicine)
Schematic Diagram. It refers to a diagram that represents the elements of a
system using graphical symbols instead of realistic ones (S.M.H. Collin; Dictionary

of Computing 5 edition)

Stethoscope. It is an instrument used for listening sound within the body

(National Health and Nutrition Examination Survey III by Westat, Inc.)

12



Telemedicine. It is the employment of data transfer pertaining to medical from
one location to another via electronic communication means for the provision of
healthcare and/or education for the purpose of a fast recuperation.

(Max E. Stachura, MD and Elena V. Khasanshina, MD, PhD; “Telehomecare and

Remote Monitoring: An outcomes overview”)

Transformer. It refers to a device employing the principle of mutual induction
to convert variations of current in a primary circuit into variations of voltage &
current in a secondary circuit; a device that changes the voltage and current of

an electrical supply (Neil Ardley; “Concise Encyclopedia Science”)

Voltage. The energy required to move a unit charge through an element,
measured in volts (V) (Charles K. Alexander and Matthew N.O. Sadiku;

“Fundamentals of Electric Circuit 3™ edition”)
Wireless Technology. It refers to a method of transmission that does not use
wires or cables to connect both ends (Campus Information Technologies and

Educational Services — University of Illinois)

ZigBee. It is a low-cost wireless system that provides low data-rate, low power

consumption and has low current drain (Kinney,P., 2003)
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Chapter 2
REVIEW OF RELATED LITERATURE AND STUDIES
This chapter contains related studies in relation to the design which help

in understanding the related topics and the design itself.

As stated in the article entitled Health Care Online, the health care
industry has been experiencing great innovations and some of these are due to
the introduction of tools that aid the medical practitioners to assess patients from
a distance. This method, through the use of such tools as discussed by Stapic in
one of his studies, is referred to as Telemedicine and is defined as, "the use of
electronic information and telecommunication technologies to share medical
knowledge and provide care over a distance". Telemedicine systems are used to
transfer bodily vital signs or a patient's status. These systems employ
communication interface to a PC which allows the health personnel for a
systematic collection and analysis of data. The significance of the system to the
medical field, especially in long-term health supervision and chronic disease
management is high. These new practice in health care delivery are further
improving the way how health information are being collected and disseminated
from within and between medical organizations. Enhancements in patient
diagnosis brought by the availability of results from various data in gathered

related cases using this system are promising.

A study made by Hoang denotes that health monitoring systems those
being used in the telemedicine processes are typically made up of sensors and

14



control devices. Sensors pick up the data of some health conditions into raw data
that is then sent to the control device for processing. An appropriate action such
as alerts, database storage, analyses and extraction of relevant information
follows after the system initiated its use. This suggests that a typical health
monitoring system is primarily made up of sensors, control devices and outputs

such as a display or any certain computer response.

Many studies were already done based from various implementation of
wireless health monitoring technologies. One of the studies led by Strommer has
shown that irDA, WLAN and Bluetooth, to name a few, have already been
focused upon for wireless implementation. Each wireless system has different
drawbacks and advantages to each other. The common factors that outweigh
each system from another are price, interference issues, power consumption,

security and usage complexities among other.

This project is intended to build a wireless pulse rate and blood pressure
monitoring system using ZigBee as its means for data to be transferred
wirelessly. Like its conventional medical monitoring tools equivalent, this project
proposal is also meant to monitor the status of a patient but with wireless

capability and pc interfacing improvement.

Using a wireless scheme for its data transfer, such systems are prone to
errors due to noise caused by the environment. To minimize errors in data

representations, the data being read from the monitoring devices will undergo

15



filtering using a program based filter algorithms through the interfaced PC which
also servers as the control. Implementation of needed data communication

protocols required for the ZigBee devices will be considered in the interfacing.

Health monitoring tools are meant to be wearable devices for the use of a
patient, therefore, some considerations of the project proposal design is based

on this.

Finally, the main goal of this project proposal is to provide an almost real-

time monitoring of the pulse rate and blood pressure of the patient.

Determining the method to be used in blood pressure and pulse rate
monitoring system has great effect on the system’s accuracy. Alvin Hopkinson,
an author, explained that the success in controlling high blood pressure is
ensured by keeping a record of pulse rates, weight loss or even the waistline.
Tracking the progress involves monitoring as to what the heart is doing. Hence,
one way of assessing the improvement of high blood pressure is via pulse rates.
To determine high blood pressure, pulse rates can be taken from any part of the
body with the wrist as the most preferred.

According to Xiaohui Li, Kangling Fang, Jinguang Gu and Liang Zhang
entitled An Improved ZigBee Routing Strategy for Monitoring System, many
ZigBee monitoring systems have been developed such as health monitoring,
power monitoring, greenhouse monitoring and animal presence monitoring. The

goal of these monitoring applications is low energy consumption for constantly

16



monitoring. ZigBee offers a practical application solution coupled with low rate,
low cost, low energy consumption characteristics for Wireless Sensor Networks.
For constantly monitoring situation, the energy consumption is priority. In order
to store the monitoring information into the database and provide interactive
operations, the coordinator communicates with the personal computer through
the RS-232 port. The management software on the personal computer can
differentiate the requirements in the monitoring system. The ZigBee routers play
the role of associating with other routers and sensor nodes as well as routing the
messages within the network. The sensor nodes which are corresponding to the
ZigBee end devices are equipped with a certain sensor to collect data from the
environment. This Zigbee technology will be used for wireless data transfers

between the sensors and the target device.

In the research done by Jung Han Choi, Member, IEEE, and Dong Kyun
Kim entitled A Remote Compact Sensor for the Real-Time Monitoring of Human
Heartbeat and Respiration Rate, they stated that the remote monitoring of
human cardiac and respiratory activities are desirable since they help treat
patients in emergency circumstances.

Presently, most commercial sensors have to be attached to the human
body. It is inconvenient to use in daily life. The researchers stated that the
remote sensor can be equipped in the home for long-period monitoring of the

patient and in the bed for managing comfortable sleeping. If the sensor is

17



applied to mobile application, the sensor needs to be portable and compact to

maintain the accuracy of the detection.

i RF Signal Data Digital S1gnal

= Conditioning fAcquisitionf Processing [~
Block (SCB) (DAD) (DSP)

Froni-End

Figure 2.1 Functional Block Diagram of the Developed Sensor

In conclusion, the heartbeat and respiration information can be obtained
at a distance of 0.5 m with the developed sensor system. The measured heart
beat signal was compared with the output signal of the commercial fingertip
sensor. The comparison result shows excellent agreement, which validates the

performance of the developed sensor system.

The researchers considered the study since it uses or applies the concept
or real time monitoring system. Real time monitoring is very crucial in design
projects especially if the intended use or application needs a fast yet accurate
response. Not only the concept of real time monitoring is considered but also the
use of sensor in monitoring one’s vital parts, specifically, the heart beat and

respiration rate.
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This chapter gives a narrative procedures used in the development of the

design. It includes the discussion of the block diagrams, schematic diagrams and

flowcharts.

Chapter 3

DESIGN PROCEDURE

Data Gathering Procedure and Designing

This part initiates the study of the researchers. Procedures pertaining to
the development of the design are discussed. Concepts regarding how the

prototype will be constructed are dependent on what can be applied to ensure

the construction of the prototype.

From the data gathered by the researchers, a design of the system is

proposed as follows:

Input

Arm Cuff

Pulse Rate
Sensor

Process

Z8F0822 MCU

PIC16F648A

iR
I

Output
ZigBee > Computer
Module Display

Figure 3.1 Block Diagram




In Figure 3.1, the design is divided into 3 parts which are categorized as
input, process and output. The design is also composed of different parts which
operate within the system to provide a specific function. The input part of the
system is responsible for the assessment of the blood pressure and pulse rate of
the patient.

In taking the blood pressure of the patient, the arm cuff is first worn by
the patient on his arm near the brachial pulse point. Constriction of the arm
takes places within a pressure range of 160 — 200mmHg by pumping air in the
arm cuff which then blocks the blood vessels. As the air is slowly released from
the constriction of the arm, the pressure sensor then operates by sensing the
magnitude of oscillations caused by the blood as it begins to flow back into the
arm. Small blood flow oscillations start to manifest when the air pressure in the
cuff concurs with the systolic blood pressure. The blood pressure is then taken
by the determination of the systolic blood pressure characterized by an increase
in the amplitude of oscillations while the diastolic blood pressure value is
determined by the detection of pulses which are leveling off. These detected
pulses are converted to voltage signals by the pressure sensor which are
proportional to the derived systolic and diastolic pressures.

The pulse rate measurement portion of the system works by detecting the

varying opaqueness of the blood from the fingertip of the patient. A pair of Light
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Dependent Resistor and a LED is used to determine whether blood has moved in
the finger by determining a slight blockade of light from the LDR and the LED.
This pulse is detected by amplifying the signal from the change of voltage
brought by the LDR and by the OPAMP. The detection of pulse is calibrated using
the variable resistors. The detected values are then handled by the program in

the microcontroller.

The process step involves the manipulation of the data for computation,
storage and transfer processes. The Zilog MCU handles the data provided by the
blood pressure sensor for processing while the PIC16F84A MCU handles the
measurement for the pulse rate. The wireless transfer of data to the ZigBee
modules is also provided by the MCUs. Provisions were made to have a means of
transferring the computed data through the use of the serial port (RS-232) using
a MAX232 driver for data verification in comparison to the values received by the

ZigBee.

The output portion of the system involves the screen display of the PC for
viewing the data being shown in the GUI of the installed software. This is done
by setting the program to read from the serial port of the PC in which the ZigBee
receiver is connected and is interfaced to the PC by means of a MAX232 serial

driver.
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Schematic Diagrams
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Figure 3.2 Schematic Diagram of Power Supply

Figure 3.2 is the schematic diagram for the power supply of the circuit.
The power of the main circuit comes from the direct electric AC supply and is
converted to a DC voltage through the use of the power supply circuit. This
power supply circuit converts the AC characteristics of the voltage to a DC type
through the process of full-wave rectification. The transformer on the left side of
the diagram converts first the 220V AC to a 12V AC by stepping down the
voltage through its coil windings. The transformer that is used in the design has
a primary winding voltage of 220 volts and having a secondary nominal rating

voltage of 12 volts. The current rating of the transformer is 400mA. The type of
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the transformer used in the design is center tap. The capacitor which is placed
after the diodes filters any unwanted ripple voltage from the power supply to
ensure the proper voltage requirements of the components. The design of the
power supply was considered by first determining the required ratings of the
components for a center tap type full wave rectifier. The center tap transformer
has a secondary voltage rating (Vo) of 12 and output current (Io) of 400 mA. In
finding the PIV (Peak Inverse Voltage) to determine the values of the needed

Rectifier Diodes, the Vrms is needed and is computed using the formula:

C = (Io / 1.5) x (1/rectified frequency).

With a value of 400mA and rectified frequency of 120Hz, the capacitor value is

0.0022133 Farad or 2213 microfarad which is close to the standard 2200 uF.

Each part of the circuit has different voltage requirements. For a constant
voltage supply of 5V, the 7805 Fixed Voltage Regulator IC is used. For the other
circuit that requires a different voltage supply, the LM317 Adjustable Voltage
Regulator is used. The values to find the required LM317 output voltage are

determined using the formula

Vout = 1.25 (1 + (R2 + R3) /R1) = 6.2 V

for the 6.2 V output. For the 3.3 V output, the computation used is:

Vout = 1.25 (1 + (R10 + R11) /R9) = 3.3V
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The LM317 uses bypass capacitors with values of 200 uF to improve the
transient response of the power supply. The voltage of the LM317 with the
output of 6.2 V is being supplied to the Blood Pressure Sensor System and the
Relay switch. The LM317 with the output of 3.3 V is being used by the Zilog
Microcontroller and the ZigBee Module. The output voltage of the 7805 is
supplied to the pulse rate sensor system, the PIC Microcontroller and the

max232 dual EIA-232 driver.
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Figure 3.3 Schematic Diagram of Blood Pressure System
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Figure 3.3 shows the schematic for the blood pressure system. The blood
pressure sensor system obtains data from its pressure sensor and automatically
saves the result of derived values into its 24C04 4kbit EEPROM IC. The Zilog
Microcontroller uses the I°C Protocol to read the values from the 24C04. The SDA
and SCL pins of the Zilog MCU are connected to the respective SDA and SCL pins
of the EEPROM. The Zilog MCU is clocked at 10MHz using a crystal oscillator
connected to its XIN and XOUT pins. A push button with a pull down resistor
value of 10k is connected to the General I/O Pin Port A0 of the Zilog MCU for the
initiation of an interrupt in the sending of data for wireless transmission. A 3.3V
supply voltage is connected to the Vdd of the Zilog MCU with a 0.1 microfarad
bypass capacitor. The Avss and Vss pins of the MCU are connected to a common

ground.
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Figure 3.4 Schematic Diagram of ZigBee Receiver

The receiver part of the system consists of the ZigBee module (IC2), the
max232 (IC1) driver for the interfacing of the device to the serial port, the 7805
5v power regulator (IC3) for the max232 and the rt9163 3.3V power regulator
for the ZigBee. The receiver works by first using the ZigBee module to receive
any data from the ZigBee module in the sensor side of the system. If any data is

detected, the ZigBee module automatically sends the data received to the
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max232 driver to be interfaced to the serial port of the PC through the DOUT PIN
of the ZigBee to the R2IN pin of the max232 driver. The Pin DIN of the ZigBee is
held low to disable the data transmission capability of the ZigBee. The Max232
driver outputs the TIA/EIA-232 compatible signals form the ZigBee to its R20UT
Pin of the Max232 driver. The power supply of each part of the receiver is taken
from a 9V battery supply. The voltages are further broken down into 5V for the
max232 which is fed to its VCC pin using the Im7805 IC for 5V regulation. For
the power supply of the ZigBee, the voltage is regulated using the rt9163 3.3V
regulator IC. Bypass capacitors of 100 nF were connected to the Cl1+/-, C2+/-
and Vs +/- of the max232 IC as specified in its datasheet under application
information. The 470 uF capacitor after the 9V battery is placed to reject any
ripple voltage that may occur. Values of 22uF were used for each voltage

regulator to improve its output transient response.
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Figure 3.5 Schematic of Pulse Rate and Serial Port Driver
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The pulse rate sensor circuitry uses a pair of LDR and LED to detect the

blood pulse from the finger.

The sensor part of the pulse rate system is composed of a pair of Red LED
and a Light Dependent Resistor (LDR). The pulse rate system uses a LM358 IC to
amplify the detected pulses, checks the signal for a valid pulse and send the
signals directly to the PIC microcontroller. The leftmost OPAMP in Figure 3.5 is
configured as a Non-Inverting Amplifier to amplify the signals of pulse from the
finger of the patient. The change in voltage brought by the change in resistance
of the LDR determines whether a pulse has passed the finger or not. The change
in voltage signal is small so that an amplifier circuit is used to strengthen the
weak pulse signal. The detected pulse is an alternating signal as the voltage
fluctuates from its base voltage to a slight difference increase when a pulse is
detected. The circuit employs a simple low pass filter at the non-inverting input
of the OPAMP that acts as an amplifier. This filter allows small frequencies to
pass and rejects any higher frequency value. The formula used in computing for

the sampling frequency is:

fc = 1/(2nRC)

The value of R1 is set to 10kQ while the value of capacitor was set to

470nF. The computed value for fc is 34 Hz.

The voltage gain of the amplifier OPAMP is set to Av = 201 using the

formula:
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Av =1+ (R2/R1)

The R1 in the equation is the R3 in the circuit with a value of 1k and is
connected between the inverting terminal of the OPAMP and the common
ground. R2 is composed of the RV1 and R4 in the circuit which is a resistor with
a value of 100kQ and a 100kQ2 potentiometer. Potentiometers are included in the
configuration of the OPAMP to calibrate the sensitivity of the system to detect a
pulse. Using the set voltage gain, the Vout in the OPAMP can be computed using
the formula Vout = Av x Vin. The 47kQ resistor placed between the non-inverting
terminal of the OPAMP and ground serves as a compensation resistor to correct

voltage error caused by input bias current.

The second OPAMP is configured as a non-inverting comparator. The
reference voltage that determines a valid pulse signal is the voltage in the trigger
potentiometer. In this comparator setup, when the voltage from the non-
inverting input exceeds the reference voltage which is applied to the inverting
input, the output switches from low (0 V) to high (positive saturation). The PIC
MCU accepts signals as TTL logical 0 for 0.8 V and below and a logical 1 value
for 2V and above. The detected valid pulse signal goes to the GIO pin Port AQ of
the PIC. Each LED in the pulse rate sensor system uses a 150Q current limiting

resistor designated as R5 and R6.

The PIC microcontroller computes the total pulse of the person in a given

time through the program in the microcontroller. The PIC MCU is clocked at 4
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MHz using a crystal oscillator paired with bypass capacitors whose values are
22pF connected to its OSC1 and OSC2 pins. The push button switch is connected
to the Port A5 of the PIC MCU and along with a 10k pull down resistor. A
MAX232 serial port driver is allows the transfer of data directly to the serial port
of the host PC. The pin 4 Master Clear of the PIC is held high with a pull-up
resistor of 10k. The PIC MCU uses its USART (Universal
Synchronous/Asynchronous Receiver/Transmitter) pin TX to transfer the data
serially to the ZigBee module device and the max232. The output of pin TX is
connected to the normally closed terminal of the relay before reaching the PIN

DIN of the ZigBee.

Bypass capacitors of 100 nF are connected to the C1+/-, C2+/- and Vs

+/- of the max232 IC as specified in its datasheet under application information.
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Figure 3.6 Schematic Diagram of the Relay Switch and Driver

Figure 3.6 shows the schematic diagram for the relay driver. The whole
system operates by either selecting the blood pressure measurement system or
the pulse rate measurement system. The data signals for each are confined in
their respective modular systems and must be multiplexed to be transferred to a
single ZigBee transmitter device for data transfer. The researchers have chosen
the use of a relay as a switch to select either the data coming to the pulse rate
system or the blood pressure system. The Relay driver is configured by making
the transistor to act as a switch. To do this, the transistor must be put in a
saturation state to further drive the relay. Knowing the needed load current for

the device to be turned on and the minimum hfe of a transistor, the minimum
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base current to saturate the transistor can be known. The needed current of the
relay to be switched is 100mA and the minimum hfe of the transistor is 100, the

minimum base current can be solved using the equation:

Minimum base current = load current / transistor hfe

The equation yields a value of 1 mA. To ensure that the transistor is
always saturated, an added 30% to the computed base current is made. The
minimum base current then becomes 1.3 mA. The computation for the resistor

R1 is computed using the formula:

R1 = Supply Voltage /( Maximum Current Required A/ Minimum HFE * Minimum

Base current mA)

R1 =12 volts / ((0.1 A/ 100 ) * 1.3 mA)

R1 =9230.7 Q = 10 KQ

The R2 resistor is a base resistor which is used to prevent excessive base
current going to the transistor. The R3 resistor was used as a current limiting
resistor to the “Enable BP” LED. The purpose of the “Enable BP” switch is to
activate the relay by shorting R1 to the positive end of the supply to select either
the pulse rate system or the blood pressure system. The pulse rate system is
connected to the common closed terminal of the relay and the blood pressure
system is in the common open terminal of the relay. The output of the relay is

connected to the DIN of the ZigBee module.
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Figure 3.7 PCB Layout

Figure 3.7 shows the PCB layout for the main circuit of the design. The

software used to develop this layout is the PCB wizard.

System Components

Quantity Item Name Description
3 Resistor 150 Q
1 Resistor 47 kQ
3 Resistor 1kQ
1 Resistor 100kQ2
5 Resistor 10kQ
3 Resistor 2209
1 Resistor 330Q
1 Resistor 5609
1 Resistor 12kQ
1 Resistor 22kQ
1 LDR Light Dependent Resistor
2 LED Light- Emitting Diode
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LM358 Dual Operational Amplifier
PIC16F648A CMOS FLASH-based 8-bit microcontroller
Z8F0822 Zilog FLASH-based 8-bit microcontroller

Crystal Oscillator

4Mhz

Crystal Oscillator

10Mhz

NPN Transistor

PN100 NPN General Purpose Amplifier

Rectifier Diode

1N4001 Rectifier

Relay

1

1

1

1

1

1 24c04 4 kbit serial bus eeprom

2 Serial Connector 9-pin female serial connector

2 MAX232 Dual EIA-232 Drivers/Receivers
2 Im317 3-Terminal Positive Adjustable Regulator
2 ZigBee XB24-z7uit-004 ZigBee Module
1 rt9163 3.3v voltage regulator

1 LM7805 5v voltage regulator

2 variable resistors 100k

1 Capacitor 0.1nF

1 Capacitor 470nF

2 Capacitor 22pF

7 Capacitor 100nF

2 Capacitor 470uF

3 Capacitor 22uF

1 Capacitor 0.1uF

1

2

1

General Single Pole Double Throw Relay

Table 3.1 System Components
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Software

Software is used in the construction of the design which involves the
development of the GUI program and the programming of the microcontrollers.
In the programming of the microcontrollers, compilers and burners are used for
each. The program code for the PIC16F648A was made using the PICBASIC
compiler. The program was burned using parallel PIC burner software from
Oshonsoft. The Zilog was programmed using a Z8 C compiler and was burned
using Zilog Developer Suite II. To design the PCB layout of the hardware, PCB

wizard software was used.

The system employs a GUI program to display the result to a host PC
taken by the device from the patient. The program to develop the GUI program
is Visual Basic 6. The GUI development software is used because it has a ready

built-in code for coordinating with devices which are interfaced to a serial port.
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System Flowchart
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Switch ON
the device

Figure 3.8 System Flowchart
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Figure 3.9 System Flowchart for the Blood Pressure
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Figure 3.10 System Flowchart for the Pulse Rate
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Design Procedure

Designing of Developing of Designing of Mounting and
Block Diagram > Schematic > PCB Layout »| Soldering of
Diagram Components
Final Testing Testing and Hardware and
< Troubleshooting Software

Programming

Figure 3.11 Design Procedure Diagram

The first step in the development of the prototype is the designing of the
block diagram. The design’s block diagram comprises of the input (arm cuff and
pulse rate sensor), process (microcontroller and ZigBee module) and output
(computer display). After designing the system’s block diagram the next step
will be the developing of the schematic diagram. The schematic diagram is based
from the block diagram. Data sheets of every component were considered to
prevent damage to the components and to the system. The PCB design is the
next step before the placing of the components. The PCB wizard was used to
develop the desirable circuit design. In PCB design, not only the paths of the
wiring connecting the various components are important, but also the orientation
of the components. High heat producing components should be placed as far as
possible from heat sensitive components. After the PCB design layout was

developed, the mounting and soldering of components comes next. A soldered
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connection when properly done offers better electrical conductivity and can
withstand greater physical stress and corrosion. Hardware and Software
programming comes after the mounting and soldering of components. For the
hardware part, PIC basic was the programming used for our PIC16F648A and for
the software part, Visual Basic was used. After the group has assembled the
design, then comes the testing part. Testing of the design was done to
determine possible errors. Immediately after the errors have been determined,
troubleshooting and debugging were done to eliminate such errors. The last test
is the final testing. It was made to ensure that the design is final and has already

met the desired objectives.
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Program Flowchart
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Figure 3.12 Program Flowchart
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beat = beat + 1

Check for
pulse

Prepare value for
Transmission

A 4

End

This flowchart illustrates the operation of the program for the pulse rate
sensing of the system. The program starts by declaring the needed variables to
be used. The code then constantly checks whether the user has pressed the
send button. If the button has not been pressed, the program initializes the
variables to its default value and checks for any incoming pulse. This prevents
the user to send the stored data repeatedly to the program in the PC. For a valid
active pulse, the system will flash an asterisk indicator in the GUI program to
show pulse rate detection while the counters are being incremented. The
program will loop back to the pulse detection and continues to count the pulses
for one minute. If the program has reached one minute, the value is then stored
and waits for the user to press the send button to transfer the data wirelessly to

the receiver which is then displayed on the GUI.
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Chapter 4

TESTING, PRESENTATION AND INTERPRETATION OF DATA

This chapter gives details on how the system was tested in relation to the

objectives stated in the first chapter.

In order to determine the consistency of the prototype, testing was done
after the prototype has been assembled. A testing was also done in order to
prove that the objectives were attained. Before testing for each procedure, the

following steps must be completed.

1. Turn on the computer and run the Blood Pressure and Pulse Rate
Monitoring Program,

2. Connect the receiver side of the ZigBee module to the serial port of the
host computer,

3. Turn on the Blood Pressure and Pulse Rate Monitoring Device,

4. Select either "Blood Pressure” or “Pulse Rate”; and

5. Click the “Connect” button.

After these steps were ensured, the first thing to be tested is the
maximum amount of pressure that the arm cuff can handle. The
sphygmomanometer can handle about 200mmHg; whereas the wireless device

could only handle up to 170mmHg.
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Once determined, blood pressure and pulse rate are now ready to be

measured. Measurements were done one at a time. Since the system is wireless,

blood pressure and pulse rate readings can be transmitted and displayed to the

host device using the ZigBee module. Once the data was measured, the user

must press the “Send” button to transfer the data to the host device.

Readings in relation with distance covered

Distance Is reading sent? Distance Is reading sent?
Om Yes 60m Yes
10m Yes 70m Yes
20m Yes 80m Yes
30m Yes 90m Yes
40m Yes 100m Yes
50m Yes Above 100m No

Table 4.1 Blood Pressure and Pulse Rate Readings in relation with

distance covered

Table 4.1 deals on the Blood Pressure and Pulse Rate readings in relation

to the distance covered. The testing took place in an open area wherein the
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person to be monitored assumes a comfortable sitting position with the forearm

supported at the level of the heart and the palm of the hand turned upwards.

The host is fixed in one area whereas the person’s distance from the host device

is varied.

The distances used for the particular testing are from 0 meter — 110

meters. In every test, the distance varies 10 meters. The readings obtained from

the tests show that the data could be sent at approximately 100m. Above from

100m, the data could not be read in the device. When the data is not read or

the pressure exceeds 170mmHg, there will be no value displayed on the

software and the word “STATUS"” will blink. Hence, no status will be displayed on

the software.

Comparison of readings between different devices

Sphygmomanometer | Digital Monitoring Wireless
Device Monitoring Device
Person
Blood Pulse Blood Pulse Blood Pulse
Pressure | Rate Pressure Rate Pressure Rate
A 120/80 70 116/71 70 118/73 73
B 120/70 75 115/62 73 116/69 74
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C 100/80 84 106/76 81 115/80 85

D 130/80 85 130/90 89 137/91 88

E 110/80 82 113/72 80 112/72 83

Table 4.2 Sphygmomanometer, Digital and Wireless Monitoring Device

Comparison

Sphygmomanometer is a device used for several years to measure blood
pressures and pulse rates. It is of great importance to perform a comparison
between the sphygmomanometer and wireless blood pressure and pulse rate
monitoring device to measure the credibility of the design. With the aid of a
nurse, blood pressures and pulse rates of different individuals was measured.

The results were reflected on table 4.2.

Blood pressure and pulse rate of five different individuals were obtained in
this particular test. Test using sphygmomanometer was done with the aid of a
nurse since nurses have a lot more knowledge in measuring using the traditional
method. The accuracy of the measurements in this method depends on the
ability of the person measuring it. While testing the digital and wireless
monitoring device was done by the research team, it was found out that, using
this device requires less effort and less complicated compared to the traditional

one.
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As seen in Table 4.2, the readings of both blood pressure and pulse rate
in sphygmomanometer and wireless monitoring device showed minimal
discrepancy. The discrepancy may be due to the inaccuracy of the readings by
the wireless monitoring device. The wireless monitoring devices do not actually
measure the blood pressure but derives the readings. The wireless device usually
follows an algorithm in which it derives the readings from the highest values

(systolic) down to the lowest values (diastolic) and averages them.
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Chapter 5

CONCLUSION AND RECOMMENDATION

This chapter gives the overall conclusion of the design, which addresses

the objectives of the design.

Conclusion

A Wireless Blood Pressure and Pulse Rate monitoring device using ZigBee
technology that could remotely measure and monitor blood pressure and pulse
rate was designed, constructed and implemented. The design allows ease of use
and fast method of monitoring blood pressure and pulse rate for patients
because data are transmitted wirelessly and can be interfaced to a computer
allowing fast transmission from a distance and permits further evaluation of data.
Tests made support this fact. The design will also aid the medical practitioners
for cases of isolated patients that need continuous monitoring. The data from the
patients can be easily accessed using a central computer which handles the

information.

Wireless blood pressure and pulse rate monitoring system can be
implemented by using ZigBee technology. The measured blood pressure and
pulse rate can be transmitted wirelessly to the receiver with high accuracy. Only

small discrepancies between the measurement of mercury based
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sphygmomanometer and the designed system were noted. This is based on the
results of the tests done. This shows that wireless blood pressure and pulse rate
monitoring system using ZigBee is a reliable way to measure blood pressure and
pulse rate. The result of the monitoring device can be displayed using a personal
computer by interfacing the ZigBee receiver module to the host computer via

serial port.

Recommendation

The design can be improved by adding a database on its application
software to help keep records of data for comparison of results. The database
would allow flexibility by recording or deleting blood pressure and pulse rate
results for future use or reference. Increasing the number of ZigBee modules
connecting to the host computer is recommended to maximize the networking
capability of ZigBee and will allow simultaneous monitoring of multiple patients.
This is because multiple ZigBee transmitters can connect to a single receiver.
Automation of the blood pressure and pulse rate monitoring could be added. This
can be done by integrating an automatic and continuous measurement of pulse
rate and blood pressure in a given time that can be set by a timer. For additional
functionality of the design, ECG or Electrocardiogram can be added. It is a
diagnostic tool that measures and records the electrical activities of the heart in

great detail.
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APPENDIX A

Program Listing
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Device 16F628

Declare Xtal = 4
Hserial_Baud = 9600
Hserial_RCSTA = %10010000
Hserial_TXSTA = %00100100
Hserial_Clear = On

All_Digital = TRUE

TRISA =%00011

TRISB=%01000000

Dim WRD As Word
Dim beat As Byte

Dim bpm As Word

Dim uS As Word

Dim mS As Word

Dim S As Word

Symbol GIE = INTCON.7

Symbol TMRO_uS = 512

Symbol TMRO_Enable = INTCON.5

Symbol TMRO_Overflow = INTCON.2



Symbol pulse = PORTA.O

Clear WRD
beat = 0

bpm =0

Clear PORTA

Clear PORTB

On_Interrupt Int_Sub
GoTo Initialization
Int_Sub:
GIE =0
If TMRO_Overflow = 1 And TMRO_Enable = 1 Then
TMRO_Overflow = 0
uS = uS + TMRO_uS
If uS >= 1500 Then
uS = uS - 1500
mS=mS+1

If mS >= 1000 Then



mS = mS - 1000
S=S+1
EndIf
EndIf
EndIf
GIE=1

Context Restore

Initialization:

TMRO_Enable = 0

us =0
mS =0
S=0

OPTION_REG.0 =0
OPTION_REG.1 =0
OPTION_REG.2 =0
OPTION_REG.5 =0
TMRO =0
TMRO_Enable = 1

GIE=1

check_pulse:



If PORTA.1 = 0 Then
DelayMS 250
GoTo pulse_on

EndIf

GoTo check_pulse

pulse_on:

If PORTA.1 = 0 Then
DelayMS 250
beat =0
bpm =0
WRD = 0
GoTo pulse_on

EndIf

If pulse = 1 Then
HSerOut ["*",13]
beat = beat + 1

WRD = WRD + 1

DelayMS 150

While pulse = 1
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Wend
HSerOut [" ",13]

EndIf

If S > 60 Then
S=0
HSerOut [Dec beat]

DelayMS 500

beat =0

bpm =0

WRD =0

GoTo check_pulse

EndIf

GoTo pulse_on

disp1:

HSerOut [Dec beat]

Return
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Device Z8F0822
#include <eZ8.h>
#include <sio.h>
#include <string.h>
#include <stdlib.h>
int loc=0;

char ren;

char dat1;

char dat2;

char msg[100];
unsigned char numi;
unsigned char numz2;
unsigned char num3;

char outstr[20];

#include "i2c.h"

void sleep (char x)

{
unsigned int y;
while(x)

{
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for(y=0;y!=0xffff;y++);

X

#pragma interrupt
void isr_uart0_rx(void)
{
ren=getch();
}
void init_uart0(void)
{
init_uart(_UARTO,_DEFFREQ, 9600);
select_port(_UARTO);
SET_VECTOR(UARTO_RX, isr_uart0_rx);
IRQOENH |= 0x10;
IRQOENL |= 0x10;
by
void main (void)

{
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DI();
//OSCCTL=0x80;
PADD=0xff;
init_uart0();

EI();

sleep(4);
while(1)

{

sleep(40);

loc=2047;
while(readI2C(0,loc)==0xFF)
{

loc--;

if(loc==0) break;

loc-=3;

ren=0;
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for(ren=0;ren!=4;ren++)

{

msg[ren]=readI2C(0,loc);

loc++;

}

putch('D");

putch('A");

putch('T");

putch('A");

putch(msg[0]);

putch(msg[2]);

putch(msg[3]);

//sleep(40);
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XBee™ ZNet 2.5/XBee-PRO™ ZNet 2.5 OEM RF Modules
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1. Overview

The XBee/XBee-PRO ZNet 2.5 OEM (formerly known as
Series 2 and Series 2 PRO) RF Modules were engineered to
cperate within the ZigBee protocel and support the unigue
needs of low-cost, low-power wireless sensor networks.
The modules require minimal power and provide reliable
delivery of data between remote devices.

The modules cperate within the ISM 2.4 GHz frequency
band and are compatible with the following:

s XBee RS-232 Adapter

s XBee R5-232 PH (Power Harvester) Adapter

+ XBee RS-485 Adapter

+ XBee Analog I;O Adapter

+ XBee Digital I/0 Adapter

s ¥Bee Sensor Adapter

+ XBee USB Adapter

s XStick

+ ConnectPort X Gateways

s XBee Wal Router.

66



XBee [XFPee-PRO ZNet 2.5 Zighee OEM REF Mo

1.1. Key Features

High Performance, Low Cost

Low Power

o Indoor/Urban: up te 300° (100 m)

» Qutdoor line-of-sight: up to 1 mile (1.6 km)
= Tramsmit Power Output: 100 mW (20 dBm)

EIRP

» Receiver Sensitivity: -102 dBm
RF Cata Rate: 250,000 bps

Advanced Networking & Security

¥Bee PRO ZNet 2.5

« TX Current: 295 maA (@3.3 V)
* RX Current: 45 mA (@3.3 V)

» Power-down Current: < 1 pA @ 25°C

Easy-to-Use

Retries and Acknowledgements

DSSS (Direct Sequence Spread Spectrum)

Each direct sequence channel has over
65,000 unigue netwerk addresses available

Foint-to-point, point-te-multipeint
and peer-to-peer topologies supported

Self-routing, self-healing and fault-telerant
mesh netwerking

Mo configuration necessary for out-of box

RF communications

AT and AFI Command Modes for

configuring medule parameters

Small ferm facter
Extensive command set
Free X-CTU Software

(Testing and cenfiguraticn software)

Free & Unlimited Technical Support

1.1.1. Worldwide Acceptance

FCC Approval (USA) Refer to Appendix A [p50] for FCC Reguirements.

Systems that contain XBee /XBee-PRO ZNet 2.5 RF Modules inherit Digi Certifications.

ISM (Industrial, Scientific & Medical) 2.4 GHz frequency band
Manufactured under ISO 9001:2000 registered standards

XBee [XBee-PRO ZNet 2.5 RF Modules are cptimized for use in US, Canada,
Australia, Israel and Europe (contact MaxStream for complete list of agency

approvals).

1.2. Specifications

Table 1401. Specifications of the XBee (XBee-PRO ZNet 2.5 OEM KF Module

-85 dim, boost mods disabled

Performance
Inchor/Urban Range upto 133 £ {40m) upto 300 &L {100m}
Oudbor AF Wne-chsigh Range | upto 400 £ (120m) upio 1 mile {1.6km)

] 2 {+ AdBm), boost mode enabled EANW (+18 Bm}
Transmi Fower Ouput 1.25mW {+1cBm), boost moda disabled 10MW {+10 cBm) for Insernasional vasiant
2F Data Rae 290,000 bes 250000 bps
Sedallnertace Data Fae 1200 - 230400 bps 1200 - 230400 bps
{scftwamre seleciable) {non-standard baud mies ako supponed) {non-standard baud rates akso supponed)
Receiier Sensiliiy €6 daim, beostmods endbled 02 i
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Table 1401

Specifications of the XBee /XBee-PRO ZNet 2.5 OEM RF Module

Power Requiremens
Supply Vokage 29-38Y 30- 34
g‘mﬂncmﬂmﬂim& 40ma (@ 3.3, boost mode enabled) 20mA (@33Y)

put poiwer) 3Ema (@ 3.3, bonst mode cisabller)
OpersingCurent (Recshel) | 401 (0 33 beoes e chotied 45 (@3.31)
IcBe Cument Receiver off 15ma 15mA
Porwer-down Cument <1 uh @257 <1 uh @257
General
Operaing Frequency Band I5M 24 GHe I5M 24 GHE
Dimensions 0880 x 1 08T (2.438cm » 2781 cm) 0.560 % 1287 (2.4380m » 3.29d0m)
Operaing Temperatus 4010 85° C fnclustrial) 40 1085" C (inlustial)
Antenna Jplons Integrased Whig, Chip, RPEMA, or UFL Connecior” | Inegrated Whip, Chip, RPSMA, or ULFL Connecior
hletworking & Securily
Supponed Network Topokcgies mbpm Point4o-mubipoint, Peerio-peer, and mnpﬂn Point4o-mubipoint, Pear-1o-peer, and
Flumbser of Channels 16 Direct Sequence Channels 13 Direct Sequence Channels

ing Cplions ml\.l':lx[{ﬂ}aﬂ Addresses, Cluster 1035 and Endpoinis {F::‘M‘L[L]Ed Achresses, Cluster IDs and Enclpoints

Agency Appovak
United States (FCOC Pan 15.247) OUR-XBEE2 MOQ-XBEEPRO2
Inchsiry Canada {IC) A2 48 XEEER 1 B488- XBEEPROZ
Eutepe [CE) ETsI ETsI
RoHS Compliant Compliant
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1.3. Mechanical Drawings

Figure 1-01. Mechanical drawings of the XBee [XBee-PRO ZNet 2.5 OEM RF Modules (antenna options not shown)

XBea & XBea-PRO
(b i)

Figure 1-02. Mechanical Drawings for the RPSMA Variant

XBee 210" SHORTER

THAN XBee-PRO,
[ 0.960
{0866} | &
S
PIN 10 \ 2
LN L~ E

{1.297 )
{0.257 )

{ 1.797 )

[0.110]

iy

[ 0.304 )

[ 0.435
0.500
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1.5. Pin Signals

Figure 1-04. XBee /XBee-PRO ZNet 2.5 RF Module Pin Number
(top sides shown - shields on bottom)

/
/

\

L»

\
|

Table 102, Pin Assignments for the XBee PRO £Net 2.5 Modules
(Low-asserted signals are distinguished with a horizontal line above signal name

1 Voo - Pewer supply

2 DouT Ouiput UART Data Out

3 CAH/ CONFIG Input UART Caln

4 o1z Either Digiall0 12

5 RESET Input Modube Fieset {rese! pulse must be at beast 200 ns)

8 PWMO/ RSS1/ DIOT0 Either PWA Ouput O/ X Signall Sirength Incicator { Digital 1D

7 P/ TIOH Efther Cigiial 113 11

-] freserved) - Do nest connect

g DTR / SLEEP_AQ/ TI0S Either Pin Skeep Contmol Line o Digiial 10 &

10 GHD i Grond

1 oH4 Either Digical 10 4

12 CTS /D107 Either Clear1o-Send Flow Cantrd or Digiid VO 7

13 04/ SLEEP | DIO9 Ouiput Modle Status Indicatar or Digiial 0.8

14 freserved) - Doy mest connest

15 Assodaie /D05 Either Assodaed Indtator Digial VO 5

16 RTS /IO Efther fequestio-Send Flow Control, Cigid V0 6

17 D3I TG Either Analog Input 3 or Digiral 1903

18 D21 DA Either Analog Input 2 or Digital 190 2

18 201 1 DA Efther Anakog Input 1 or Cigral 101

20 | ADO/DKQCommissioning Eiter Analog gt 0, Digical 100, or Commissioning Buson
Design Notes:

= Minimum cennectiens: WCC, GND, DOUT & DIN

= Minimum cennectiens to suppert serial firmware upgrades: VCC, GND, DIN, DOUT, RTS & DTR
= Signal Directien is specified with respect to the module

« Module includes a 30k Chm resistor attached to RESET

= Several of the input pull-ups can be configured using the PR command

* Unused pins should be left discennected

= Pin 20 can be connected to a push butten (pin grounded when closed) to support the
commissioning push button functionality. See "Commissioning Pushbutton and Associate LED™
for details.
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1.6. Electrical Characteristics

Table 103, DC Characteristics of the XBee PRO ZMNet 25 (VCC=30- 3.4 VDO

VIL Input Low Vohiage Al Digial Inputs - 02UWCC | W
Wi Input High Vchage 2 Cigiallrputs 08 WCC v
VoL Output Lew Vokage I = 2mA, VCC »= 27 ; o1Eves W
Ver Output Figh \okage by =2MAVEC= 27V 0BZCC m
I Input Leakage Current iy = VCE or GAI, alinpuss, per pin 05 | uA




2. RF Module Operation

2.1. Serial Communications

The XBee ZNet 2.5 CEM RF Meodules interface to a hest device through a logic-level asynchrenous
serial pert. Through its serial pert, the medule can communicate with any legic and veltage

compatible UART; or through a level translator to any serial device (For example: Through a Digi
proprietary R5-232 or USB interface board).

2.1.1. UART Data Flow

Devices that have a UART interface can connect directly to the pins of the RF moedule as shown in
the figure below.

Figure 2-01. Systern Data Flow Diagram in a UART-interfaced environment
(Low-asserted signals distinguished with horizontal line over signal name.)

GMOS Logic [28- 34V} S GMOS Logic (28 - 34V}
DM idatain]) . CAM {dakain)
£ r—————
5 B KB N
nd = [=:] L -
MICTOcomtroler | oo 7 gm0} | higelule Module | DOUT (dataowg Misrocontaller
7
ATS ATS
e
Serial Data

Cata enters the medule UART through the DIN (pin 3) as an asynchrenous serial signal. The signal
should idle high when no data is being transmitted.

Each data byte consists of a start bit (low), 8 data bits (least significant bit first) and a stop bit
{high}). The following figure illustrates the serial bit pattern of data passing through the moedule.
Figure 2-02. UART data packet 0x1F (de cimal number *317) as transmitte d through the RF module

!'_'xample Data Format is 8-M-1 (bits - parity - Fcll"stclp bits)
Least Sigrficant Bik {first] [~
ifirss] | =

1 1 1 1 1 1] o o
[dle [high) |
e Lo UART Signal
0
Signal o wDe |—| : |[
Voltage Jl“rl o |
Start Bt {low) Stop Bit {highl

Time

-

The module UART performs tasks, such as timing and parity checking, that are needed for data
communications. Serial cemmunications depend on the two UARTs to be configured with
compatible settings (baud rate, parity, start bits, stop bits, data bits).

2.1.2. Serial Buffers

The ¥XBee ZMet 2.5 modules maintain small buffers to collect received serial and RF data, which is
illustrated in the figure below. The serial receive buffer collects incoming serial characters and

helds them until they can be processed. The serial transmit buffer cellects data that is received via
the RF link that will be transmitted cut the UART.
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Figure 2-03. Internal Data Flow Diagram

DIN - Receiver
Buller
CTs

DouT

RT3

RF Switch

e

.
h d
A

Serial
RF TX
Bufter Transmimer
Pracassar
Sarial Tramsmii RFRX
— Bular Buller Receiver
I

Serial Receive Buffer

Anfenna
Part

When serial data enters the RF medule through the DIN Pin (pin 3), the data is stored in the serial
receive buffer until it can be processed. Under certain conditions, the module may not be able to
process data in the serial receive buffer immediately. If large amounts of serial data are sent to
the module, CTS flow control may be required to aveoid overflowing the serial receive buffer.

Cases in which the serial receive buffer may become full and possibly overflow:
1.If the moedule is receiving a continucus stream of RF data, the data in the serial receive buffer
will not be transmitted until the module is no longer receiving RF data.

2.If the module is transmitting an RF data packet, the module may need to discover the desti-
nation address or establish a route to the destination. After transmitting the data, the module
may need to retransmit the data if an acknowledgment is not received, or if the transmission is
a broadcast. These issues could delay the processing of data in the serial receive buffer.

Serial Transmit Buffer

When RF data is received, the data is moved inte the serial transmit buffer and sent cut the UART.
If the serial transmit buffer becomes full enough such that all data in a received RF packet won‘t fit
in the serial transmit buffer, the entire RF data packet is dropped.

Cases in which the serial tra nsmit buffer may become full resulting in dropped RF
packets
If the RF data rate is set higher than the interface data rate of the module, the module

could receive data faster than it can send the data to the host.

1.

2.
because of being held off by hardware flow control.

2.1.3. Serial Flow Control

If the host dees not allow the module to transmit data cut from the serial transmit buffer

The RTS and C15 medule pins can be used to provide RTS andfor TT5 flow control. TT5 flow
centrel provides an indication to the hest to stop sending serial data te the medule. RTS flow

control allows the host to signal the module to not send data in the serial transmit buffer out the
uart. RTS and TI5 flow control are enabled using the D& and D7 commands.

CTS Flow Control

If CTS flew centrel is enabled (7 coemmand), when the serial receive buffer is 17 bytes away
from being full, the module de-asserts CTS (sets it high) to signal to the host device to stop
sending serial data. CTS is re-asserted after the serial receive buffer has 34 bytes of space.
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RTS Flow Control

If RTS flow centrel is enabled (D6 command), data in the serial transmit buffer will not be sent out
the DOUT pin asleng as RIS is de-asserted (set high). The host device should not de-assert BE
for long periods of time to aveid filling the serial transmit buffer. If an RF data packet is received,
and the serial transmit buffer does net have encugh space for all of the data bytes, the entire RF
data packet will be discarded.

2.1.4. Serial Interface Protocols

The XBee medules support beth transparent and API (Application Programming Interface) serial
interfaces.

Transparent Operation

When operating in transparent mode, the moedules act as a serial line replacement. All UART data
received through the DIN pin is gueued up for RF transmission. When RF data is received, the data
is sent out through the DOUT pin. The medule configuration parameters are configured using the
AT command mode interface.

Data is buffered in the serial receive buffer until one of the following causes the data to be
packetized and transmitted:

1. Mo serial characters are received for the amount of time determined by the RO (Packetization
Timeout) parameter. If RO = 0, packetization begins when a character is received.

2. Maximum number of characters that will fit in an RF packet is received (72 bytes).

3. The Command Mode Sequence (GT + CC + GT) is received. Any character buffered in the serial
receive buffer before the sequence is transmitted.

RF modules that contain the following firmware versiens will support Transparent Mode:
1.0xx (coerdinater) and 1.2xx (routerfend device).

API Operation

API operation is an alternative to transparent cperation. The frame-based AP extendsthe level to
which a heost application can interact with the netwerking capabilities of the medule. When in API
mode, all data entering and leaving the module is contained in frames that define cperations or
events within the module.
Transmit Data Frames (received through the DIN pin (pin 3]}) include:

+ RF Transmit Data Frame

+« Command Frame {eguivalent to AT commands)
Receive Data Frames (sent out the DOUT pin (pin 2)) include:

+ RF-received data frame

+« Command response

s Event notifications such as reset, associate, disassociate, etc.

The API provides alternative means of configuring medules and routing data at the host
applicatien layer. A host application can send data frames te the module that centain address and
paylead information instead of using command mode to modify addresses. The module will send
data frames to the application centaining status packets; as well as scurce, and payload
information frem received data packets.

The APL cperation option facilitates many cperations such as the examples cited below:
-=Transmitting data to multiple destinations without entering Command Mode
->Receive success/failure status of each transmitted RF packet

-=Identify the source address of each received packet

RF modules that contain the following firmware versions will support API operation: 1.1xx
(coordinator) and 1.3xx (router/end device).
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2.2. Modes of Operation

2.2.1. Idle Mode

When not receiving or transmitting data, the RF module is in Idle Mode. During Idle Mede, the RF

module is also checking for valid RF data. The module shifts into the other modes of operation

under the following conditions:

= Transmit Mede (Serial data in the serial receive buffer is ready to be packetized)

= Receive Mode (Valid RF data is received through the antenna)

= Sleep Mode (End Devices only)
= Command Mede (Command Mede Sequence is issued)

2.2.2. Transmit Mode

When serial data is received and is ready for packetization, the RF module will exit Idle Mode and
attempt te transmit the data. The destination address determines which node(s) will receive the

data.

Prier te transmitting the data, the module ensures that a 16-bit network address and route to the

destination node have been established.

If the destination 16-bit network address is not known, netwoerk address discovery will take place.
If & route is not known, route discovery will take place for the purpose of establishing a route te
the destination node. If a module with a matching netwerk address is not discovered, the packetis

discarded. The data will be transmitted cnce a route is established. If route discovery fails to

establish a route, the packet will be discarded.

Figure 2-04. Transmit Mode Sequence

S covssiin |

ek Ptk
Sudidss Frorn

TE-IaL Pk
Al pss Decoey

Dradas Dt rckind

B b B!

B o Dhsiwvoely

B b [ ki
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‘When data is transmitted from one node to anather, & netw arkJevel acknowledgement is
transmitted back aoass the established route ta the source nade. This acknoadedgement packet
indicates ta the source node that the data packet was recsived by the destination node. If a
netwark acknaowledgement is not received, the source node will re-transmit the data,

It is pa=sible in rare dircumestances for the destinstion o receive 8 data packet, bat for the saurcs
ta not recsive the netwark acknowledgment. In this case, the source will retransmit the data,
which cauld cause the destination ta raceiee the same data packet multiple times, The XBee THet
2.5 modules do not fllter aut dughicate packets. The application should indude provisions ta
address this potential issus

See Data Transmission and Routing in chapter 3 for more infarmation.

2.2.3. Receive Mode

Ifa valid AF packetis recsved, the data is transferred to the serial transmit buffer.

2.2.4. Command Mode

Ta madify or read RF Maodule parameters, the madule must first enter into Command Mode - &
state in which incoming =erial characters are interpreted as commands. Refer ta the APT Mode
saction in Chapter 7 for an alternate means of configuring modules.

AT Command Mode

To Enter AT Command Mode:
Zend the J-character command sequena "+++" and ab=erve quard imes befare and after the
cammand characters. [Referto the "Default AT Command Made Sequence” baaw. ]

Drefault AT Command Mode Sequence (far transition to Command Made):
# Nao characters sent far ane second [GT (Guard Times) parameter = Ox3ER]

« Input three plus characters {"+++") within ane secand [O (Command Sequence Character)
parameter = 2.

« Nao characters sent for ane secand [GT (Guard Times) paramater = Jx3EL]

Onece the AT command mode sequence has been issued, the module sends an "0#\r" out the
COUT gin.  The "0 characters can be delayed if the module has nat finished transmitting
recsived sarial data,

‘When command made has bean entered, the command mode timer is started (T command ), and
the module is able ta recsive AT commands on the DIN gin,

Al of the parameter values in the ssquence can be modifiad ta reflect user preferences,

WOTE: Fallure ta enter AT Command Mode is most commanly due to baud rave mism atch. By defauly,
the BD {Baud Rate) param eter = 3 {9600 bps).

To Send AT Commands:
Send AT commands and parameters using the syntax shawn belaw.

Figure 2406, Syniax for sending AT Commands

AT + ASCII + Space + Parameter + Carriage
Prefix Command {Outilﬁ-l‘lal:l [Optional, HEX) Return
L J

| I
Example: ATDT 1F<CR>

Ta read a parameter value stored in the RF module’s register, omit the param eter field.

The preceding example would changs the RF module Destination Address [Law) ta "0x1F". Ta
stare the new value ta non-valstile {lang term) memary, subsequently send the WR [Wiite )
camimand.
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Far maodified parameter values ta persist in the module's registry after a reset, changes must be
zaved to non-volatile memary using the WR [Write ) Command. Otherwise, parameters are
restared ta previously saved values after the modulle is resst.
Command Response
‘When a command i= =ant to the modulle, the module will parse and execute the command. Upan
suceessful execution of a command, the madule retums an "0 message. If execution of a
cammand results in an errar, the modue returns an "ERROR" message.
Applying Command Changes
Mny changes made ta the canfiguration @mmmand registers through AT commands will nat take
effect until the changes are apglisd. Far example, s=nding the BD command ta change the baud
rate will not change the actual baud rate until changes are applied. Changes can be applied in one
af the fallawing ways:

= The &C (Apply Changes) command is issued.

= AT command mode is exited.
To Exit AT Command Maode:

1. Send the ATCM [Exit Command Made) command (fallawed by & carmiage return ).

[2R]

2. Ifnaowvalid 4T Cammands are recsived within the time spedifisd by CT (Command Mode
Timeout) Command, the RF module sutomatically retums to Idle Made.

Far an example of programming the BF module using AT Caommands and descriptions of each config-
wurable parameter, refer to the "Examples” and “sBee 286t L 5 Command Reference Tables™ chapters.

2.2.5. Sleep Mode

Eleep modes allow the AF modulle to enter states of low power consumption when not in use. The
¥Bee IWet 2.5 OEM AF madules suppart both piin slesp [sleep mode entered on pin transition) and
cydic sheep (module sbesps for & fied time). (Bes ZHet 2.5 sdesp modes are discussad in detail in
=section §5.3.



3. ZigBee Networks

3.1. ZigBee Network Formation

Zighee netwarks are called personal area netwarks (PAN). Each netwark contains & 16-hit
identifizr called a PAN ID

ZigBee defines thres different device tyjpes - coardinatar, rauter, and end device. An example of
such a netwark is shown below.

Figure 3400, Node Types ! Sample of a Basic £ ghee Network Topology

Caordinalay

v oo AR
Ewiabb s rparrem o A% ®

Mool

&©
:.T._;:ltul.-u.l'q'\ E ® E
® :-.u.u...x-.-..-.u @ E ® @

B B

Coordinator - Responsible far selecing the channel and PAN ID. The coordinatar starts & nes
PAKN. Once it has started a PAN, the coordinator can allaw routers and end devices ta jain the PAN.
The coardinator can transmit and recsive AF data transmissions, and it can amistin routing data
through the mesh network. Coordinatars are natintended to be battery-powered devices. Since
the coardinatar must be able ta allow joins andfar route data, it shauld be mains powered.

Router - A router mus=t join 8 figBes PAN before it can aperate. After joining & PAN, the router
can allaw other routers and end devices to join the PAN. The router can allso transmiit and recsive
RF data transmissions, and it can route data packets through the neteark. Sincoe routers can allow
joins and participate in routing data, routers cannat sleep and should be mains powered.

End Device - An end device must jain 8 Jighee PAN, similar to &8 router. The and device,
howmeawver, cannot albow other devices to jain the PAKN, nor can it assist in routing data through the
neteark. &nend device can transmit or receive RF data transmissions End devices are intended
ta bhe hattery pawered devices. Since the and device may sleap, the rauter ar coardinatar that
allows the end device to jain must collect all data packsts intended far the end device, and buffer
them until the &nd device wakes and is able to recsive them. The router ar coordinatar that
allowad the and device ta jain and that manages AF data an behalf of the end devics is known as
the and device's parent, The and device is considerad & child of its parent.

3.2. figBee PANs

ZigBes netwarks are farmed when a coardinatar first selects & channa and PAN ID. After the
coardinator has started the PAN, routers and end devices may jain the PAN. The PAN ID is selectad
by the coordinatar when it starts the PAN. Routers and end devices bacome a part of the PAN (and
inharit the coardinatar's PAN ID) when they join a PAN.

ZigBee supparts mesh rauting in the netwark, allawing data packets ta traverse multiple nades
{multigle “haps”) in arder to reach the destination node. This allows ZigBes nodes to be spread
out aver a large region, and =§ll suppart communications amaongst all devices in the netwark.

Al devices in a JigBes network receive a 16-hit address [netwark address) when they jain a PAN.
The 16-hit address of the coardinatar is abwvays 0.

3.2.1. Starting a PAN

Since the coordinator is responsible for starting a ZigBes network, all Zighe e networks must have
a coordinator present initially. To start a PAN, the coordinatar performs a seres of scans ta
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dismver the level of RF activity on different channels (energy scan), and to discover any nearby
aperating PANs [PAN =can). Energy Scan

‘When a coardinatar comes up for the first time, it peiforms an energy scan an multiple channels
(frequendes) ta detect energy bevels an each channd. Channels with excessive detacted anergy
levals are ramoved from its list of potential channels to =tart an.

Fagguere 3400 Fotenlial Channels

Listof Poteniial Charnals

Perorming am energ y scan alkws the oo ondinater to avel
starting om chanmel with kgh ene gy lewls.

PAN Scan

‘When the energy scan campletes, the coardinator scans the remaining quist channas {found iin
the energy scan) for existing P4Ns. To do this, the coordinator sends a broadcast, ane-hap beacan
request. Any nearby coardinatars and routers will respand ta the bescan request by sanding a
beacan frame back to the coardinator. The beascon frame contains information about the PAN the
sender is an, induding the PAN identiier (PAN ID), and whether or not the devics is allowing
jaining. (The PAN scan is maore commanky called an active scan ar a bescan scan. )

Figure 303, AN Scans

A FAH Soan alloves e coondirmbor bo detesdt ey PAK IDs bo anoid
duplcatirg ecdstirg PAH 0=

Onee the coordinator has completed the energy and PAN scans, it parses all recsived beacons and
attempts to startan an unussd PAY DD and channel. ‘When the coordinator starts a PAN, it can
then allaw routers andfor end devices to jain the PAN. A coordinator retains the channeland PAN
I sttributes thraugh power cydle or resst events,

3.3. Joining a PAN

Router and end device types must discaver and join a Zighes PAN. To do this, they first issue a
PAN scan, just like the coordinator does when it starts a PAN. From the PAN scan, the router ar
end device recsves a it of beascans fram nearby FigBee devices. Therouter ar end device parses
this list to find & valid ZigBee netwark to join.
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Routers and end devices can be configured to jain any ZigBes PAN, ar o anly join a PAN with &
certain PAN I Howewver, they must abvays find & coardinatar ar router that is allowing jains.

Figuwe 344 |adning a PAN

® Exch bescon conisine
h Esloawing iiribuion:
FiR D = a3
Al [oin = ins (S hs

A B B e |

A e R

A router of and deWes sends o be o i quest b discover neanky Zighee netwarke. M a devics is found that & ep erating oma
valld Zig bee netwerk, that is alewing pins, the rouler of end devics sende an assecition request o that deviee 1@ altempt @ jein
Lhe fabw ok

Once & joining device (rauter ar end device) discovers a devios operating an a valid ZigBes
netwark thatis allowing jaining, it sttempts to join the PAN by sending an assodstion request to
that device,

3.3.1. Allowing Joining

The coardinator and all routers can allow new routers and end devices to join to them. Whather ar
nat a particular coardinatar ar router will allow a new device ta join depends upan twa things:

* iits permit-joining attribute (if joins are allowed )

& the number af end deviee children it already has
Permit-Joining Attribute
The coordinatar and all routers have a permit-jaining attribute. This attribute on a coordinatar
and any joined rauters can be configured to abways allaw joins, allow joins for & shart time, ar to
nat allaw any mare jains. In arderfor a new devics ta jain the netwark, this attribute must be ==t
an & nearby device such that joins are enabled.

End Dewvice Child ren

Since end devices rely an their parent router or coardinator to buffer incomiing AF packets, the
coordinator and =ach router can suppart a finite number of and device chilldran, Oncs that number
af end devices has joined a particular router ar coardinatar, the device can na langer allaw end
devices ta jain to it

3.3.2. Security

If security is enabled, the coordinatar will start up using & 128-hit AES encryption key. Only
devices that have the same security key can communicate on the PAN, Routers and end devices
that will jain & secure PAN must abtsin the correct sscurity key. The security key can be abtsined
in ane of two ways

= pre-installation

® oy is received aver-the-air (in the dear) during jaining
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3.4. ZigBee Network Communications

Zighes supparts device addressing and application layer add ing. Devics add dng =pecifies
the destination address of the device a packet is destined to. Application layer addressing indicates
a particular application redpi=nt, known as a Zighes endpaint, along with a message type fisld
called a Juster 1D

3.4.1. ZigBea Device Addressing

The 812.154 protacal upan which the Zighee pratoool is built spedfies two address types:

= 16-hit netwaork add re sses
« §4-hit Addresses

16-bit Network Addresses

& 16-hit network address is assigned to a node when the node joins a netwark. The netwark
address s unique to =ach node in the neteark. Howsever, netwark addressss are not static - it can
changea.
The fallawing twa canditions will csuse 8 nade ta recsive 8 new netwark address:
1. Ifan end device cannaot communicate with its parent it may nesd to leave the netwark and
rejain ta find & new parent.
2. Ifthe device type changes fram rauter to and devics, ar vice-versa, the device willl leave the
netwark and rejoin as the new devics type.
ZigBes requires that data be sent ta the 16-bit netwark address of the destination device. This
requires that the 16-bit address be discoversd before transmitting data. See 3.2.3 Netwark
B dr ews Diseavery far mare infarmation.

Bid-bit Addresses

Each node contains a unique &§4-bit address. The 64-hit address uniquely identifizs a node and is
permanent.

3.4.2. ZigBee Application-layer Addressing

The JigBes applicstion layers define andpaints and duster identifiers (duster D) that areused ta
address individual services ar applications an adewvice, An andpoint is & distinct task or apglication
that runsan a fighes device, similar to a TCP part. Each ZigBes device may support ane ar mare
endpaints. Cluster ID< define & particular funchian ar action an a device. Cluster [0 in the JigBes
hame cantrolls lighting profile, for example, would indude actions such as "TumLightOn?,
“TumlightOfF”, "DimLight”, ete.

Suppose a single radia contralls a light dimmer and ane ar mare lght switches The dimmer and
switches could be assigned to different endpaint values. To send 8 mesage ta the dimmer, a
remate radio would transmit a message o the dimmer endpaint an the radio. In this example, the
radia might support duster I0= to "TurnLightdn”, "TurnLightOff, ar "DimLight”. Thus, for radio & ta
turn aff a Bght an radia B, radio & would s2nd & transmis=ian ta the Bght switch endpaint an radia
B, using duster II " TurnLightOfF”, This is shown in the figure below.
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Figure 305, Fighee Livers\d dressing Example

LigBes Devioe & Jgles Devce B
Endpanl 1 Endpaint 4
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3.4.3. Data Transmission and Routing

Al data packets are addressed using bath deviee and application layer addressing fidlds. Data can

be sant as a brosdcast, or unicast transmissian.

Broad cast Transmissions

Broadcast transmissians within the ZigBes praotocal are intended ta be propagated throughaut the
antire netwark such that all nodes recsive the transmission. To sccomplish this, all devices that
recshy s 8 brosdcast transmission will retransmit the packet 3 tGimes,

Figure 340%. Broadast Data Transmi sl on

E
E
R
R
[+
B
Lagend
C=Goordinator £ R
RzRouter
E=End Dewios

Each node that transmits the broadcast will also oreate an entry in a local broad cast transmissian
table. This entry is used to keep track of each recsived broadcast packet to ensure the packets ane
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naot endlesdy transmitted. Each entry persists for 8 seconds. The brosdcast transmission table
haolds 8 entries,

Far =ach broadcast transmissian, the figBes stack must reserve buffer space for a copy of the
data packet. This copy is used ta retransmit the packet as neaded Large broadcast packets will
require mare bulffer spacs,

Lince broadcast transmi are vitted by each device in the netwark, broadcast
messages should be used sparingly.

Unicast Transmissions

Unicast Zighes transmissions are abways addressed ta the 16-hit address of the destination
device. However, anly the 64-hit address of & device is permanent; the 16-bit address can change.
Therefore, fighee devices may employ netwark address discavery to identify the current 16-hit
addre=s that cormespands ta & knawn 64-hit addres=s, and route discovery to establish a routs.

Network Address Discowery

[rata transmissions are always sent to the 16-hit network address of the destination device.
Hawever, since the 64- bt address is unique to sadch device and is generally known, Zighes devices
must discover the network address that was assigned to a particular device when it joiined the PAN
befare they can transmit data.

Ta dao this, the device initiating a transmission sends a broadcast netwaork address discovery
tran=smizsian throughout the netwark . This packet contsins the 64-hit address of the device the
initistor ne=ds to send data to. Devices that receive this brosdcast transmission check to ses if
their G4-hit address matches the 64-bit address contained in the broadcast transmission. If the
addresses match, the device sends 8 response packet back ta the initiatar, providing the netwark
address of the device with the matching 64-bit address. ‘When this response is recsived, the
initistar can then transmit data.

Rowte Disoowve ry

ZigBee employs mesh routing to establish a routs betwesn the source device and the desfination.
Mesh routing allows data packets to traverse multinle nodes (haps) in a netwark to route data
fram a source ta a destination. Routers and coordinators can partidpats in establishing routes
betwsen source and destination devices using a process called route discovery. The Routs
discovery process is based an the A0V (Ad-hoc On-demand Distance Wedtar routing ) pratocal.

Fagwe 307 Sample Tranamissson Theougha Mesh Nelwork
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A0DV [Ad-hoc On-demand Distance Vector) Routing Algorithm

Routing under the AODY protocal is accomplished using tables in sach node that store the next
hap (intermediary node between source and destination nodes) for & destination node. If & next
hap is nat known, route discovery must take place in order ta find a path. Since anly a limited
number of routes can be stored an a Router, route discovery will ake place mare often an a large
netwark with communication between many different nodes.

Table 3400,
Mode D stination Address Bt Mop Acddress
B Rouerd G oord nator
o Foderd Router 5
e Rogerd Router &

‘Whan a saurce node must dizcover 8 routs to 8 destination node, it =ends 8 brosdeast routs
regquest cammand . The route request command contsins the source natwark address, the
destination netwark address and a path cast field (& metric for measuring route quality). As the
raute request cammand is propagated through the netwark [refer to the Broadcast Transmissian ),
=ach nade that re-broadcasts the message updates the path cost fisld and creates a temparary
entry in its route discovery tabls.

Figuee 308, Simpl Roule Request ibroadias ) Transmiss on Where B3 & Trving be Discover a Houle jo Rel

‘When the destination node recefves & route request, it compares the ‘path @st’ fisdld against
previously received route request commands. If the path cast stared in the route request is better
than any previously recsived , the destination node will transmit a route reply packet to the node
that ariginated the route request. Intermediate nodes receive and farward the route reply packet
ta the source node (the node that ariginated route request).
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Legend

Figuee 309, Houle Reply Sample Houle Heply {Unicast) Where & Sends a Houle Reply to B3,

— Fir sl Route Reply
———=3 Second Route Reply

Mate: RS could sand mulbhpls replies if itidentifies 8 bettar routs,

Retries and Ack now lesdg meznts

Zighes indudes acknowledgment packsts at bath the Mac and Spglication Suppart [APS) layers.
‘When data is transmitted to remate devics, it may traverss multiple hops to reach the destination.
M= data is transmitted fram ane node to il neghbar, an acknowledgment packet (Ack) is
tranzmitted in the apposite direction to indicats that the transmission was sucessfully received. If
the Ack is nat received, the transmitting device will retransmit the data, up to 4 times, This Aok is
called the Mac layer acknawledgment.

In additian, the device that aniginated the transmission expects to receive an acknowledgment
packet (&ck ) from the destination device. This Ack willl traverse the same path that the data
traversed, butin the oppasite direction. If the orginator faills to recsive this Ack, it will retransmit
the data, up to 2 times untll an Ack is recsived . This Ack is called the ZigBes APS layer
acknasledgment.

Foefer to the ZigBee specification for more details.
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Legend

Figuee 300 Unsast Dala Teams msson

—e  [ata Transmission
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Introduction

Filog’s 28 Facore! XP* MCU product family is a line of Zilop microcontrollers based on
the f-bit ¢#8 CPU. Z8 Encore! XP® FORX? Serica, herealter refemred m 28 Encore! XP or
the 8K Serica adds Flash memory to Zilog's extensive line of §-bit micocontrollem. The
Flash in-circuit programming allows faster development time and program changes in the
ficld. The new 8 CPU & upward-compatible with the existing Z8% nstmctions. The
rich paripheral set of Z8 Encore! NI maka it suitable For a variaty of applications includ-
ing motor control, security systam s, home appliances, pemonal clectronic devices, and
BCILAONE.

Features

The features of £ Encore! NP MCU product family include:

* 0 WHz cZE CTU core

= Lpto # KB Flash with in-cireuit programmin g capability

* 1 KB Fegister RAM

= Optional 2- to 5-channel, 10-bit Analog -to-Digital Convertar { ADC)

*  Full-duplex 9-bit Universal Asynchronous Recciver Transmitter {UART ) with bus
transceiver Driver Enable Control

o InterIntegrated Cireuit {I°0)

*  Sarial Peripheral Intarface (SPT)

*  Infrared Data Association (DA Feom pliant infrared e oderidocoders
*  Two l6-bit timem with Capture, Comparne, asnd PWM capahility

= Watchdog Timer (WDT) with internal RC oscillator

= 11 to 19 Input/Owtput pins depending upon package

= LUpto 19 intermupts with configurable prionity

*  On-Chip Debugger (OCTN)

= oltage Brownout {(VBO) protection

= Power-On Resat (POR)

*  Crystal oscillator with three power scettings and RC oacillator option

= 2TV o 3.6V operating voltage with 5 V-tolkerant inputs
*  H-pin and 2 8-pin packages

= 0% o +70 *C standard temparature and -40 *C to +105 *C adended tem paratun:
operating ranges

Part Selection Guide
Table 1 identifics the basic featuras and package styles available forcach device within the

#8 Encore! XI* FOE2T Serics product line.

Table 1. Z8 Encoral XP* FOB22 Series Part Selection Guide

16bit Pagl;afne:ln
Part Flash RAM Timers ADC UARTs
Number (KB) (KB} IO with PWW Inputs withirDA 1%C SPI 20 28
ZBFORZ2 B 1 18 2 5 1 1 1 X
ZBFO&21 B 1 1 2 2 1 1 X
Z8FO8 12 8 1 1 2 o 1 11 ¥
ZeFoB 1 8 1 11 2 o 1 1 X
Z8FM422 4 119 2 5 1 11 X
Z8F0421 4 11 2 2 1 1 X
Z8F0412 4 119 2 0 1 11 X
ZEFO4 1 4 11 2 0 1 1 3




Block Diagram

Figure 1 dis plays the blodk diagram of the archiecture of 28 Encore! XP® FOET? Serics

devices.
Crystal On-Chin
Cscillator [ 1 J, *| Demugger
PORNBO
“ra & Resel ;
cPU Inte gt WDT with
Caontraler Conimiler RC Oscllator

Merrary Buses

Register Bus
Tirers UART 12c SP ADC Flash RAM
Cantmilar Coantraler
[ 3
L 3
L
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KA Frash
y Masviery RAM
0 i 0
fel=Ta

Figure 1. ZEEncore! XP* FO822 Series Block Diagram

CPU and Peripheral Overview

eZB CPU Features

Lilog's latest e & B-bit CPU7, mees the continuing dem and Por faster asnd m ore code-cffi-
cient microcontrollens . The < CPU excontes a suparsat of the original ZE¥ instruction
Al



The eZBCPU features inchide:

*  Directregister-to-register architecture allows cach register to function as an
accumulator, improving execution time and decreming the required Program Memory.

=  Saoftware stack allows much greater depth in subroutine calls and intemrupts than
hardware stacks.

=  Compatible with existing ZE* code.
*  FExpanded intemal Register File allows acces of up to 4 KR,

= Mow instructions improve execution cificiency for code developed using higher-level
programming languages, including C.

*  Pipelined instmction fetch and execution.

= Mow instructions forimproved paformance including BIT, BEWAP, BTI, CPC, LIDC,
LDCL LEA, MULT, and SEL.

=  Mow instructions support 1 2-bit lincar addressing of the Register File.
= Upto 10 MIPS operation.
*  CCom piler friendly.
*  Tio9clockeyels per instruction.
For more information regarding the <8 CPU, refor to 0 28 CPU Cora Uker Ldanal
(U0 280 available for dovwnload at wownw zilog oo,
General Purpose Input/Output

78 Encore! XP® FOS22 Serics features 1110 19 port pina {Ports A—C) for General Purpose
InputOutput (GPTO). The number of GPIO pins available & a function of package. Each
pin is individually programmable. Ports A and C suppons 5 Vaolamt inpus .

Flash Confroller
The Flash Controllar program s and crsas the Flash memory.

10-Bit Analog-to-Digital Converter

The optional Analog-to-Digital Converter { ADC) converts an analo g input signal to a
10-bit binary number. The ADC accepts inputs from T o 5 different analog input sources.

UART

The Univesal Asyndhronous Receivar/T ansmitter {UART ) is full-duplex and capable of
handling @ynchronous data transfers. The UART supports 8-bit and 9-bit data modes and
sclectable parity.

The Inter-Integrated Circuit ﬂzc]umuollcr makes the 28 Encore! X compatible with the
protocal. The PC Controller consiss of twe bidirzctionsl bus linea, a scrial data
{5DA) line, and a serial clodk (SCL) line.

Serial Peripheral Interface

The Serial Peripheral Interface (SPI) allows the Z8 Encore! X1 to exchange data betwesn
other peripheral devices such as EEPROMs, ASD converters, and ISDMN device. The SPI
is a full-duplex, synchronous, and character-oriented channel that supports a four-wine
intarface.

Timers

Twin 16-bit reloadable timers ane used for timingfcounting events or for motor contro]
operations. These timars provide a 16 -hit programmahble reload counter snd operate in
UOne-5Shot, Continuous, Gated, Capture, Compare, Capture and Com pare, and PWI
mindes.

Interrupt Confroller

78 Encore! XP* FOEX2 Serica products suppont up o 1§ inermpts. These intesrupts con-
sistof 7 internal peripheral intermpts and 11 GPIO pin ntermpt sources. The intermpts
have 3 levels of programm able intarmpt priority.
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Signal and Pin Descriptions

#% Encore! XP® FOE2? Serica products are available in a variety of packapes, styles, and
pin configurations. This chapter describes the signals and available pin configurations for
cach ofthe package styles. For infomation regarding the physical package specifications,
sce Packaging on page 233.

Available Packages

Table 2 identifics the padiage stylas available for cach device within Z8 Encone! XP
FOEZ? Series product line.

Table 2. Z8§ Encore! XP Fi&22 Series Package Options

Part Number 10-Bit ADC 20-Pin S50P and POIF Z8-Pin 530IC and PDIP

ZRFADEZ2 Yes X
ZBFRDE2 Yes X
ZBFD&12 Mo X
ZBFDE11 Mo X
ZRRD4Z2 Yes X
ZBRD421 Yes X
ZBFD412 Mo X
ZBFR0411 Mo X

Pin Configurations

Figure 2through Figure 5 display the pin configurations for all of the packages available
in 28 Encorc! X1 FOE22 Serics. Sce Table 4 for a dascnption of dhe signals.

} Mote: The analop bt altermate fionctions LANAx) ane nor avatiable on Z8 Encore! XP® F0822

Hartas davices.

BAE! SEL =t 20 |- BCO TN
BAT {S0A —— 2 1z = FE0/ MM
BEET 2 1z |- ey mm
g —4 17| wmes
M —1 & 16| vy
HOUT =t 18 =
Vo=t 7 14 |- pac
BAD TOM —1 8 13| Eas) THOO
BRI TOOUT — & 12 |- ends Ex00
PAZI DED =T 10 1= P T

Figure 2. ZBF0B21 and ZBF0421 in 20-Pin SS0P and PDIP Packages

PO T - 2 e PO ASAD
EAGSOL— 2 T E Y a0
BT 50N 3 2 PR A
RESET = 4 IF e PRI ANAT
gz = & 24| BB AL
E Ve I3 VREF
xouT = 7 22| figg
v =] # 21|~ fvpg
AR IMIES — 9 an] it
Boa sl — 10 18- sor i micuT
PO ) S - 11 18 e FAS THDO
Bz ias — 12 17— EA4! BXDO
B0 Tl —] 13 16 |- =02/ TTED
B TOOUT = 14 18 = B2 ) DEO

Figure 3. ZBF0B22 and ZBF0422 in 28-Pin S0OIC and PDIP Packages
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EhE! 501 — 1 20 = B0/ TEN
AT iS00 — 2 18 |- #m0
REEET —| 2 18| em
Vas— 4 17 |— Mo Conrect
- 16 = Az
HOUT = & 18 |= Mg
v — 7 14 |- oac
Eno ) TR —| B 13 | B4/ TXOO
B ToouT —{ 12 |- Ead { EXO0
Paz DED =] B 11 [~ P83/ TTE0

Figure 4. ZBFO811 and Z8F0411 in 20-Pin S50P and PDIP Packages

PO TN - g B e PO
PG | SO =— 2 27 - PE
FATIEDA — 3 e o e
RESET — 4 25— PR3
gy =t 5 24 |- PB4
HIN — & 3 - Mo Sormect
XOUT — 7 2= |- avgg
Vipg =t & 21 = Avipg
POS I MBSO — 8 20— DBG
o4 oSl — 10 19 = FC1 TISUT
PCH) SO -t i il = EAS ) THDO
P2 JEE =1 12 17 = Paad | R0
Pag TON — 13 16 |— Pa3 /TTED
AT TOOUT = 14 165 = P02 ¢ DEQ

Figure 5. ZBF0812 and ZBF0412 in 28-Pin S0OIC and PDIP Packages

Signal Descriptions

Table 3 describes 28 Encore! XP® FOEX? Serics aionak. See Fin Confipusations on page 7
to determine the signals av ailable for the specific package atyles

Table 3. Slgna-l Descriptions

Signal

Mremonic 0 Description

General-Purpose /O Ports A-H

Pa[T:0 D Port E—These pins are used for generalpurpose 110 and
supports 5 W-bolerant inputs.

PE{4:0] D  Port B—These pins are used for generalpunpose 110,

P50 D  Port €—These pins are used for generalpunpose /0 and

support S 'W-tolerant inputs.

[*C Controller

SCL %]

5¢eriaIG Inck—'l-'his ope n-draiin pin clocks data transfers in accordance with the
1°C standard profocol. This pin is mulfiplexed with a GPIO pin. When the GPIO
pin is configured for altermafe function to enable the SCL funciion, this pin is
open-drain .

SDA Ko

Serial Data— This open-drain pintransfers data between the 1°C and a slave.
This pin is multiplexed with a GRIO pin. When the GPIO pin is configuned for
alemate funciion io enable the 5 0A function, this pin is

open-drain .
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Table 3. Signal Descriptions (Continued)

Signal

Mremonic D Description

SPI Controller

55 "D Slave Select—This signal can be an oulput or aninput. Ifthe Z8 Encora! X Pe
is the SPl Masier, this pin can be configured as the Slave Select output. if the
Z8 Encora! XP is the 5P| Slave, this pin is the input slave seled. Itis
mulfiplexed with a GPIO pin.

SCK '3 SPlSerial Clock—The SP| Master supplies this pin. Ifthe Z8 Encone! XP is
the 5P| Master, this pinis the output. Ifthe £8 Encorel XP is the SP| Slave,
this pin is the inpat. Itis muliplexed with a GPIO pin.

MO51 o Master-Out!Slavedn—This signal is the data output from fhe 5P Master
device and the datainput to the 5P| Slave device. &t is muliplexed with a GRIO
[pin.

MISO o Mas terdn/Slave-Out—This pin is the dafa input to fhe 5P Master device and

the data oufput from fhe 5P| Slave device. K is multiplexed with a GPIO pin.

UART Controllers

TADO O Transmit Data—Tris signal 15 the ansmit output from the UART and I10A.
The TAD signaks are muliplexed with GPIO pins.

RxDO | Receive Data—This signal is the receiver input for the UART and Ir0A. The
R D signals are muliplexed with GPIO pins.

CTED | Clear To Send—This signal is control inputs. for the UART. The CTS signals
are multiplexed with GPIO pins.

DED O Driver Enable—This signal allows automatic control of external RS-485
drivers. This signal is approximaiely the inverse of the TXE (Tramsmit Empty)
bitin the UART Status O Register. The DE signal can be used fo ensure the
external R5-485 diver is enabled when data is frarsmitted by fhe UART.

Timers

TOOUT s} Timer Qutput @—1—These s@ignals are oulput pins from fhe imers. The Timer

T1OUT Cutput signals are maultiplexed with GPID pins.

TOIM S T1IM | Timer Input —1—These signals are used as the Capture, Gating and Counter
inputs. The Timer Input signals are mukiplexed with GPIO pins.

Analog

AMA O] | Analog Input—These signals are inputs to fhe Analog-to-Digiial Converer
{ADC). The ADC analog inputs are multiplexed with GP IO pins.

WREF | Analog-to-Digital Converter reference voltage input—As an cufpwt, the

W REF signal is not recommended for use as a reference volfage for external
devices. If the ADC is configured fo use the internal reference voltage
generaior, fhis pin should be left unconnected or capacifively coupled o
analog ground {Av55).
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Pin Characteristics
Table 4 provides detailed information on the chamactaristica for cach pin available on

78 Encorc! XP® FOE22 Serics products. Table 4 data is soned alphabetically by the pin
aymbol mncmonic.

Table 4. Pin Characteristics

Active Low Internal

Symbaol Reset ar Tri-5tate Pull-up or Schmitt-Trigger ©pen Drain
Mnemanic Direction Direction Active High Qutput  Pull-down Input Output
Aon M KA MeA MA 5] 5] KIA
Allge MdA KA MeA MeA 5] 5] MIA
0BG 140 | M Yes ] Yes Yes
Pa[T:0) 150 | M Yes Programmable Yes fes,

Pull-up Programma ble
FE{4:0] 18 | WA Yes. Programmable Yes es,

Pull-up Programma ble
POE:0) 180 | I Yes Programmable Yes fes,

Pull-up Programma ble
RESET | | Lo MeA Pull-up Yes MIA
Von MdA MEA MEA MeA ] ] NFA
WREF Analey  NIA MA MeA ] ] NFA
L MdA KA MA MOA Mo Mo MNIA
XIN | | MA MA 5] 5] MNIA
HOUT a [#] MEA Mo 5] 5] Mo

Address Space

The <28 CPU acccsacs three disting address spaces:
*  The Register File contains addresses for the general-purpose registers and
the 8 CPLU, Peripheral, and GFIO Port Control Fegisters.
*  The Program Memory contains addresses Por all memaory locations having executable
code and'or data.
*  The Data Memory contains addresacs Por all memory locations that hold data only.
These three addness spaces are covared briefly in the following sections. For more infor-
mation on the <% 8 CPU and its address space, refer to eZ8 CPU Core Uker Manual
(UMD 28) available for down load at wwazilos com.

Register File

The Register File address apace in the 28 Encorel X% is 4 KB (4096 bytes). It is com-
poscd of two seations—Control Repiiers and General-Purpose Registers. When instruc-
tions are executed, regiten ane read from when defined as sources and written to when
defined s destinations. The archiectune of the ¢ Z8 CPL allows all general-purpose regis-
tars to function as accumulatom, address pointen, index repistem, stack arcas, or saratch
pad m amory.

The upper 236 byies of the 1 KB Register File address space is reacrved for contraol

af the ¢ Z8 CPU, the on-chip paripherals, and the 180 pors. These regsten ane located at
addreascs from FOoH to FEFH. Some of the addrasscs within the 23 6-byte Control Register
scction is resarved (unavailable ) Reading from the raserved Register File addrases
retums an undefined value. Writing o raerv od Register File addresss is not recom -
mended and can produce unpredictable reaults.

The on-chip AN always boeging at address 000H in the Registar File address space.

Z8 Encore! NP FOE22 Serics containg | KB of on-chip RAM. Reading from Register File
addrcsscs outside the available RAN addresscs (and not within the contro ] register address
apace ) meturns an undelined value. Writing to thee Register Fike addmesscs produces no
effect.
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Pragram Memaory

The eZ8 CPU supports &4 KB of Program Memory addness space. Z8 Encone! 3P Fosr
Serica contain 4 KB to 8 KB on-chip Flah in the Propram Memory address space,
depanding on the device. Reading from Program Maemory addresses outside the available
Flash addresses relums FPH. Writing to unimplemented Program Memory address s pro-
duces no effect. Table 5 decribes the Program Memory Maps for Z8 Encore! XP FOE22
Searies devices.

Table 5. Z8 Encore! XP* FO822 Series Program Memory Maps

Program Memory Address (Hex) Function

ZBF 08 2x and Z8FO8 1x Products

Q0000001 Ciplion Bits
00020003 Reset Vecior
Q0040005 WDT Infernupt \iector
Q00s0007 IBegal Instruction Trap
QO0E-0037 Interrupt Vectors*
OO38-1FFF Program Memory
Z8F 04 2x and ZBF04 1x Products

Q0000001 Ciption Bits
00020003 Reset Vecior
Q004-0005 WDT Infernupt e clor
Q00E-0007 IBzgal Instruction Trap
Q0080037 Interrupt Vectors®
O038-0FFF Program Memory

Hate: “See Table 24 an page 57 for a st afthe htemupt vechors.

Data Memory

#8 Encore! X FOE2? Serics docs not use the &8 CPU % 64 KB Data Memory addrea
APAGE.

Information Area

Table & describes the 28 Encone! XP FOEXZ Saric Information Arca. This 512 byte Infor-
mation Anea is accased by setting bit 7 of the Page Select Register to 1. When access is
angbled, the Information Anca is mapped into the Program Memory and ovarlays the 512
bytes at addressss FEAOH to FFEFFH Whan the Information Area acces is enabled, all

reads from these Program Mamory addresses retwm the Information Area data rather than
the Program MMem ory data. Accas to the Information Anca is read-only.

Table 6. Information Area Map

Program Memory Address (Hex) Function

FEOOH-FE3FH Reserved

FE40H-FES3H Part Number
20-character ASCl| alphanumeric code
Left justified and flled with zeros

FES4H-FFFFH Reserved
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MICROCHIP

PIC16F627A/628A/648A
Data Sheet

Flash-Based, 8-Bit CMOS
Microcontrollers with nanoWatt Technology
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MicrocHIP PIC16F627A/628A/648A

18-pin Flash-Based, 8-Bit CMOS Microcontrollers
with nanoWatt Technology

High-Performance RISC CPU:

+ Operafing speeds fam DT — 20 MHz
+ Inferrup! capakbility
« B-devel deap hardware stack
« Direct, Indirect and Relafive Addressing mades
« 35 single-ward instructions:
- Al hstruelions single cyde axcenl banches

Special Microcont roller Featu res:

+ Internal and edtamal ascliator aplions:

- PredEion intermal 4 MHz oscillator Tacory
califrated ta 11%

- Llow-power intermal 43 kHz oscillator

- Exfermal Os:Batar suppart for crystals and
s anaons

+ Powersaving Skeep made
» Programmable weak pull-ups on PORTB
« Muliplexed Master Cleadingul-pin
« Wakthdag Timer with independent ascillatar far
refiable operaton
» Law-valage pragramming
+ In-Circuil Serial Programming ™ (wa tyo pins)
« Pragrammable code prabeciion
+ Brown-outl Reset
+ Paweran Resat
+ Powerup Timer and Oscllator Stad-up Timer
+ Wide operafing voRage mnge (2.0-5.5v)
+ Indusirial and axdendad lemperature range
* High-Endurancs Flash/EEPROM calt
- 100,000 write Flsh endurancs
= 1,000,000 write EEPROM endurancs
- 40 year data refenfion

Low-Power Features:

Sandby Curment:

- 100 nA @ 2.00, typical

Operafing Curent:

- 12 pA 32 kHz, 200, typical

- 120 pA @ 1 MHz, 2.0, by gical

Wialchdag Tirmer Curmant

= 1 pA @ 2.0V, Iypcal

Tirer Oscillatar Currant:

- 12 pA @ 32 kHz, 2.0V, typical

Dualspeed Internal Oscillton:

- Run-iime sekcable bebween 4 MHz and
48 kHz

- 4 pswake-up from Sleep, 3.0V, typical

Peripheral Features:

16 VD gins with indiwidual disection cantml

High current sinklsource fof dinecd LED drive

Anabag eamparatar madule with:

- Twa analsy cofrparalons

- Pragearmimable an-chip volage refemnce
{WVAEF) madube

- Gebeciable internal ar extermal referencs

- Corrgarator oulpuls ane exbermallly acses sk

Tirrenl: 3-hit Grmeroountar with 3-bit

programmable prescaler

Tirmerl : 16-bi merfcounter with external crystalf

chack capability

Tired2: 8-hit Gmerfoounter with 3-bit period

register, pressder and pastscaler

Capture, Compane, PO M madube:

- 16-bil Caplura/Campare

- 10-bE P

Addressable U nivesal Syncivanousiis yrchranous
Recever Tanarite IS ARTSCH

Proggram Dats Memo
Device Memory " w | S°P lusant | comparaiers | JMeE
Flash SRAM | EEPROM (PN are-bit
[words) | (bytes) fbyles)
[ PICIGFE2TA 024 724 128 16 1 ¥ 7 L
PIC 16FE28A 2043 224 1238 16 1 ¥ 2 21
PIC 16FE434 4055 256 756 16 1 ¥ 2 n
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Pin Diagrams

FOIR, SOIC
RAZENIWRER 1 ® RAEN
AAEN TP : 7 RAENHD
BAHTOCERCU P2 ] § L FAATADEC 1AL BN
Aesiicane —f| 4 F o REEICEC20CLOUT
[ —...[ [ E u ]-_'.m
MWTH{ & E Ses }.— AETTICEMPGD
ABVANDT deee[1 7 [ 2 || ABETH0EOTICHIAGE
o
AmT K a—s| & 1 [fr—eres
mzcce—{| s [ |+— AB4Pcu
SS0OF 28-PinQFN
, £
i3 o8
dq 58 8.
58 2 3 LY
i1 EQ e 30F .
HFEEFLEEE 28 =8
L M mm 5‘1 g ; g
FEE Ea
EEELEEES R 4 3
— wob- o T ey
A e —f 15 5 A A S . | mamcesiacuom
PIC1EFEIT ARIAA488 Hefz . A AEATE CHC LN OUT
e | —
N!’-‘li FICAEFEITAREA oo v
D e D - 2 v —af . PIC1EFEEA —m
1™ |
ucle - R ETIT O G0
BT =l 7 e A BT CEONT 1 C PG
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1N4001/L - 1N4007/L

I M € 0O R P O R A T E hln 1-0ARECTIFIER
SPICE MODELS: 1N4001 1N4002 1N4003 1N4004 1N4005 1N4006 1N4007

Features
o Diffused Junction
®  High Current Capability and Low Forward Voltage Drop

*  Surge Overload Rating to 30A Peak | A B A |
¢  Low Beverse Leakage Current 4
s  Lead Free Finish, ReHS Compliant (Note 4) | I | 2N
- T
Mechanical Data T C
D

e Case: DO-41, A-405

e (Case Material: Molded Plastic. UL Flammability
Classification Rating 94V-0 . DO-41 Plastic A-405

®  Moisture Sensitivity: Level 1 per J-STD-020C Min Max Min Max

e  Terminals: Finish - Bright Tin. Plated Leads Solderable per 25.40 25 .40
MIL-S_TD-202, Method 208 206 | 521 210 | 520

. F‘olant_y: Calht.zfie Band 071 | oges | 0s3 06d

*  Mounting Position: Any

*  Ordering Information: See Last Page 200 | 272 200 270

o Marking: Type Number All Dimensions in mm

e Weight: DO-41 0.30 grams (approximate) °L” Suffix Designates A-405 Package
A-405 0.20 grams (approximate) No Suffix Designates DO-41 Package

o0 o e

Maximum Ratings and Electrical Characteristics @ T =25°C unless otherwise specified

Single phase, half wave, 60Hz, resistive or inductive load.
For capacitive load, derate current by 20%.

- 1N 1N 1N 1N 1N 1N 1N .
H o Characteristic Symbol | 4001/L I a007/L | Unit “

8 e X

Moges: 1. Loads mainiainod b ambiont iemmporature at 4 distance of 9.5mm from the cass.
<. Moasured at 1. M bz and appliod roverse voltage of A0V 1.
&G Value.
& LU Direciive Annex Nodes 5 and 7. A, DohlS rovision 1222000, Class and High Temporature Soldor | xemptions Appliod, so
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lmyys AVERAGE FORWARD RECTIFIED CURRENT (A)

lgg. PEAK FORWARD SURGE CURRENT (A)
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Fig. 1 Forward Current Derating Curve
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Fig. 4 Typical Junction Capacitance
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r ST24C04, ST25C04
Y/ ST24W04, ST25W04
4 Kbit Serial I2C Bus EEPROM

with User-Defined Block Write Protection

m 1 MILLION ERASE/WRITE CYCLES with
40 YEARS DATA RETENTION

m SINGLE SUPPLY VOLTAGE:
— 3V 1o 5.5V for ST24x04 versions
— 2.5V to 5.5V for ST25x04 versions \; /
] | N
= HARDWARE WRITE CONTROL VERSIONS: 8 }1
ST24W04 and ST25W04 [

= PROGRAMMABLE WRITE PROTECTION 1 1

m TWO WIRE SERIAL INTERFACE, FULLY I°C PSDIPS (B) S08 (M)
BUS COMPATIBLE
0.25mm Frame 150mil Width

m BYTE and MULTIBYTE WRITE (up to 4
BYTES)

m PAGE WRITE (up to 8 BYTES)
m BYTE, RANDOM and SEQUENTIAL READ

MODES Figure 1. Logic Diagram
m SELF TIMED PROGRAMMING CYCLE

= AUTOMATIC ADDRESS INCREMENTING

m ENHANCED ESD/LATCH UP
PERFORMANCES

e

Ve
DESCRIPTION

This specification covers a range of 4 Kbits I°C bus
EEPROM products, the ST24/25C04 and the
ST24/25W04. In the text, products are referred to E1-E2
as ST24/25x04, where "x" is: "C" for Standard
version and "W" for hardware Write Control ver- PRE
sion.

—— SDA

ST24x04

ST25x04
SCL

[

Table 1. Signal Names MODEMWG*

PRE Wite Protect Enable
E1-E2 Chip Enable Inputs

SDA Serial Data Address Input/Output Vgg
SCL Serial Clock

Multibyte/Page Write Mode
(C version)

WC Write Confrol (W version)

Al00BS1E

MODE

Vee Supply Voltage

Vas Ground Note: WC signal is only available for ST24/25W04 products.
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S5T24/25C04, ST24/25W04

Figure 2A. DIP Pin Connections

Figure 2B. SO Pin Connections

ST24x04 ST24x04
ST25x04 ST25x04
PRE[[1 ~ 8flvee PRE D 8 Ivee
Ei[2 7 I MODEMWC E1C2 7 — MODEWC
E2[]3 6] SCL E2C3 6 sCL
Vgg[l 4 5[1SDA Vgg T4 5= SDA
AIDDBSZE ANT107TE
Table 2. Absolute Maximum Ratings "
Symbol Parameter Value Unit
T Ambient Operating Temperature —40to 125 °C
Tsta Storage Temperature —65 10 150 °C
TiLeaD Lead Temperature, Soldering (S0O8 package) 40 sec 215 o
(PSDIPS package) 10 sec 260
Vio Input or Output Voltages 061065 v
Vee Supply Voltage 03t065 W
v Electrostatic Discharge Voltage (Human Body model) 2! 4000 Y
ESD
Electrostatic Discharge Voltage (Machine model) ! 500 v

Notes: 1. Except for the rating "Operating Temperature Range”, siresses above those listed in the Table "Absolute Maximum Rafings”
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum
Rating conditions for extended periods may affect device reliability. Refer also to the STMicroelectronics SURE Program and other

relevant quality documents.
2. MIL-STD-883C, 3015.7 {(100pF, 1500 41).
3. BIAJ 1C-121 (Condition C) (200pF, 0 £2).

DESCRIPTION (cont'd)

The ST24/25x04 are 4 Kbit electrically erasable
programmable memories (EEPROM), organized
as 2 blocks of 256 x8 bits. They are manufactured
in STMicroelectronics’s Hi-Endurance Advanced
CMOS technology which guarantees an endur-
ance of one million erasefwrite cycles with a data
retention of 40 years.

Both Plastic Dual-in-Line and Plastic Small Outline
packages are available.

The memories are compatible with the 12C stand-
ard, two wire senal interface which uses a bi-direc-
tional data bus and serial clock. The memories

carry a built-in 4 bit, unigue device identification
code (1010) corresponding to the 1°C bus defini-
tion. Thisis used togetherwith 2 chip enable inputs
(E2, E1) s0 that up to 4 x 4K devices may be
attached to the I°C bus and selected individually.
The memories behave as a slave device in the I°C
protocol with all memory operations synchronized
by the serial clock. Read and write operations are
initiated by a START condition generated by the
bus master. The START condition is followed by a
stream of 7 bits (identification code 1010), plus one
readfwrite bit and terminated by an acknowledge
bit.
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ST24/25C04, ST24/25W04

Table 3. Device Select Code

Device Code Chip Enable Sock RW
Bit b7 b6 b5 b4 b3 b2 b1 b0
Device Select 1 0 1 0 E2 E1 AS RW
Note: The MSB b7 is sent first.
Table 4. Operating Modes (!
Mode RW bit MODE Bytes Initial Sequence
Current Address Read 1 X 1 START, Device Select, RW="1
Random Address Read o X 1 START, Device Select, RW: ‘0", Address,
1 reSTART, Device Select, RW ="1
Sequential Read 1 X 110512 Similar to Current or Random Mode
Byte Write 0 X 1 START, Device Select, RW =0
Multibyte Write @ o Vin 4 START, Device Select, RW =0’
Page Write 0 VL 8 START, Device Select, RW ="0°

Notes: 1. X =V or Vi
2. Multibyte Write not availahle in ST24/25W04 versions.

When writing data to the memaory it responds to the
8 bits received by asserting an acknowledge bit
during the 9th bit time. When data is read by the
bus master, it acknowledges the receipt of the data
bytes in the same way. Data transfers are termi-
nated with a STOP condition.

Power On Reset: Vcc lock out write protect. In
order to prevent data corruption and inadvertent
write operations during power up, a Power On
Reset (POR) circuit is implementad. Until the Vee
voltage has reached the POR threshold value, the
internal reset is active, all operations are disabled
and the device will not respond to any command.
In the same way, when Ve drops down from the
operating voltage to below the POR threshold
value, all operations are disabled and the device
will not respond to any command. A stable Vce
must be applied befare applying any logic signal.

SIGNAL DESCRIPTIONS

Serial Clock (SCL). The SCL input pin is used to
synchronize all data in and out of the memory. A
resistor can be connected from the SCL line to Veo
to act as a pull up (see Figure 3).

Serial Data (SDA). The SDA pin is bi-directional
and is used to transfer data in or out of the memory.
It is an open drain output that may be wire-OR’ed

with other open drain or open collector signals on
the bus. Aresistor must be connected fromthe SDA
bus line to Ve to act as pull up (see Figure 3).

Chip Enable (E1 - E2). These chip enable inputs
are used to set the 2 least significant bits (b2, b3)
of the 7 bit device select code. These inputs may
be driven dynamically or tied to Veo or Vss to
establish the device select code.

Protect Enable (PRE). The PRE input pin, in ad-
dition to the status of the Block Address Pointer bit
(b2, location 1FFh as in Figure 7), sets the PRE
write protection active.

Mode (MODE). The MODE input is available on pin
7 (see also WC feature) and may be driven dynami-
cally. It must be at V. or Viu for the Byte Write
made, ViH for Multibyte Write mode or Vi for Page
Write mode. When unconnected, the MODE input
is internally read as iy (Multibyte Write mode).

Write Control (WC). An hardware Write Control
feature (WC) is offered only for ST24W04 and
ST25W04 versions on pin 7. This feature is usefull
to protect the contents of the memory from any
erroneous erase/write cycle. The Write Control sig-
nal is used to enable (WC = Vi4) or disable (WC =
Vi) the internal write protection. When uncon-
nected, the WC input is internally read as ViL and

the memory area is not write protected.
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ST24/25C04, ST24/25W04

Table 5. Input Parameters (! (Ta=25°C, f= 100 kHz )

Symbol Parameter Test Condition Min Max Unit
Cin Input Capacitance (SDA) 8 pF
Cin Input Capacitance (other pins) 6 pF

ZwecL WC Input Impedance (ST24/25W04) Vin £ 0.3 Ve 5 20 kQ
ZwcH WC Input Impedance (ST24/25W04) Vin 2 0.7 Vee 500 kQ
Low-pass filter input time constant
ip (SDA and SCL) 100 ns
Note: 1. Sampled only, not 100% tested.
Table 6. DC Characteristics
(Ta=01o 70°C, 20 to 85°C or 40 to 85°C; Vg =3V 10 5.5V or 2.5V to 5.5V)
Symbol Parameter Test Condition Min Max Unit
I |npUt Leakage Current 0V =V = Voo +2 HA
0OV < Vout € Vee
Lo Output Leakage Cument SDAIN Hi-Z +2 Il
i Vee = 5V, fc = 100kHz
lec Supply Current (ST24 series) (Rise/Fall time < 10ns) 2 mA
Supply Current (ST25 series) Vee = 2.5V, T = 100kHz 1 mA
Vin = Vs OF Ve,
| Supply Current (Standby) Ve = 3V 100 HA
ce (ST24 series) _
Vin = Vag Or Ve, 300 A
Vee = 5V, fc = 100kHz w
Win = Wss OF Ve, 5 uA
| Supply Current (Standby) Vg =2.5V
ce2 (ST25 series) _
Vin = Vss or Viee, 50 A
Vee = 2.5V, fc = 100kHz K
WiL Input Low Voltage (SCL, SDA) -0.3 0.3 Vee W
ViH Input High Voltage (SCL, SDA) 0.7 Vec Voo + 1 W
Input Low Voltage -
Vi (E1-E2, PRE, MODE, WC) —0.3 05 v
Input High Voltage  ____ _ .
Vin (E1E2, PRE, MODE, WC) Vee=05] Veer1 |V
v Output Low Voltage (ST24 series) lor = 3mMA, Ve = 5V 04 v
oL
Output Low Voltage (ST25 series) loL = 2. 1MA, Ve = 2.5V 04 W
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L7800
SERIES

POSITIVE VOLTAGE REGULATORS

OUTPUT CURRENT UPTO 1.5 A
OUTPUT VOLTAGESOF 5;5.2;6; 8;8.5,9;
12;15;18; 24V

» THERMAL OVERLOADPROTECTION

» SHORTCIRCUIT PROTECTION

» OUTPUT TRANSITION SOAPROTECTION

DESCRIPTION

The L7800 series of three-terminal positive
regulators is available in TO-220 TO-220FP TO-3
and D°PAK packages and several fixed output
voltages, making it useful in a wide range of
applications These regulators can provide local
on-card regulation, eliminating the distribution
problems associated with single point regulation.
Each type employs internal current limiting,
thermal shut-down and safe area protection,
making it essentially indestructible. If adequate
heat sinking is provided, they can deliver over 1A
output current. Although designed primarily as
fixed voltage regulators, these devices can be
used with external components to obtain
adjustable voltages and currents.

TO-220FP
BLOCK DIAGRAM
INPUT SERIES ouTRUT
10 PASS 2
CURRENT SOA
GENERATOR PROTECTION
|
STARTING REFERENCE ERFOR
CIRCUIT YOLTAGE AMPLIFIER
THE Al

PROTECTION

1 -
G- 156G
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L7800

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vi DC Input Voltage (for Vo = 5to 18V) 30 \'%
(forVo = 20, 24V) 40 \'%
lg Qutput Current Internally limited
Pt | Power Dissipation Internally limited
Top | Operating Junction Temperature Range (for L7800) -55 to 150 °c
(for LT800C) 0 to 150 °c
Tsyg | Storage Temperature Range -65 to 150 °c
THERMAL DATA
Symbol Parameter D°PAK TO-220 TO-220FP TO-3 Unit
Rinj-case | Themmal Resistance Junction-case Max 3 3 5 4 SCIW
Rinj-ams | Themmal Resistance Junctionambient  Max 62.5 50 60 35 “Ciw
CONNECTION DIAGRAM AND ORDERING NUMBERS (top view)
H m——— T ~ QUTPUT
1 OUTPUT
oMo @ 3[———emwm  gNp |
. GND
———1 INPUT
V= e o INPUT
FCITEZ0
5= 156503
5= 25631
TO-220 & TO-220FP D’PAK TO-3
Type TO-220 D'PAK (%) TO-220FP TO-3 Output Voltage
L7805 L7805T 5v
L7805C L7805CY L7805CD2T L7805CP L7805CT 5v
L7852C L7852CV L7852CD2T L7852CP L7852CT 5.2v
L7806 L7806T 6Y
L7a06C L780sCy L7806CD2T L7806CP L7806CT B
L7808 L7808T a8V
L7808C L7808CY L7808CD2T L7808CP L7808CT av
L7885C L7885CY L7885CD2T L7885CP L7885CT 8.5V
L7809C L7809CY L7809CD2T L7809CP L7809CT v
L7812 L7812T 12v
L7812C L7812CV L7812CD2T L7812CP L7812CT 12v
L7815 L7815T 15V
L7815C L7815CV L7815CD2T L7815CP L7815CT 15V
L7818 L7818T 8v
L7a18C L7818Cv L7818CD2T L7818CP L7818CT 8v
L7820 L7820T 20V
L7820C L7820CY L7820CD2T L7820CP L7820CT 20V
L7824 L7824T 24V
L7a24c Lrg24cy L7824CD2T L7824CP L7824CT 24V

(*) AVAILABLE IN TAPE AND REEL WITH *TR" SUFFIX
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L7800

APPLICATION CIRCUIT

SCHEMATIC DIAGRAM
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L7800

Figure 2 : Load Regulation.

TESTCIRCUITS
Figure 1 : DC Parameter
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Figure 3 : Ripple Rejection.
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L7800

ELECTRICAL CHARACTERISTICS FOR L7805 (refer to the test circuits, Tj =-55 to 150 °C,

Vi=10V, lo =500 mA, Ci =0.33 uF, Co = 0.1 puF unless otherwise specified)

Symbeol Parameter Test Conditions Min. Typ. Max. Unit
Va Output Voltage T,=25°C 4.8 5 52 v
Va Output Voltage lo=omAto1A P,=19W 4.65 5 5.35 v

Vi=8to20V
AVs* | Line Reguiation Vi=7t025V T;=25°C 3 50 mVv
Vi=81t012V T;=25°C 1 25 mVv
AV,* | Load Reguation lo=5t01500mA T;=25°C 100 mV
lo=250t0750mA T;=25°C 25 mv
la |Quiescent Cument T,=25°C 6 mA
Alg Quiescent Cumrent Change lo =510 1000 mA 0.5 mA
Alg Quiescent Cumrent Change Vi=8to2aV 0.8 mA
AVy | OutputVoltage Drift lo =5 mA 0.6 mv/°C
AT
eN Output Noise Voltage B=10Hzto 100KHz T;=25°C 40 uViveg
SVR | Supply Voltage Rejection V;=81018V  f=120Hz 68 dB
Va Dropout Voltage lo=TA T,=25°C 2 2.5 v
Ra Output Resistance f=1KHz 17 mg2
lse Short Circuit Current Vi=35V T,=25°C 0.75 1.2 A
lscp Short Circuit Peak Current T;=25°C 1.3 22 3.3 A
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Philips Semiconductors

Product specification

PNP 5 GHz wideband transistor

BFT92

DESCRIPTION PINNING
PNP transistor in a plastic SOT23 PIN DESCRIPTION
lope.
SERe Code: Wip
It.ls primarily me-_Jnded for use in R!?' 1 hate 5
wideband amplifiers, such as in aerial 5 . :
amplifiers, radar systems, qier
oscilloscopes, spectrum analyzers, 3 collector
etc. The transistor features low
intermodulation distortion and high 1] 2
power gain; due to its very high Top view -
transition frequency, it also has
excellent wideband properties and
low noise up to high frequencies.
Fig.1 SOT23.
NFMN complements are BFR92 and
BFR92A.
QUICK REFERENCE DATA
SYMBOL PARAMETER CONDITIONS TYP. | MAX. | UNIT
Vero collector-base voltage open emitter - -20 V
Veeo collector-emitter voltage open base - -15 A
Ic DC collector current - -25 mA
Pict total power dissipation up to T; = 95 °C; note 1 - 300 mwW
r transition frequency le =14 mA; Vee =10V, f=500 MHz |5 - GHz
Cre feedback capacitance lc =-2mA; Vee=-10V;f=1MHz 0.7 - pF
Gum maximum unilateral power gain le = =14 mA; Vg = -10'V, 18 - dB
f=1500 MHz; Ty, =25 °C
F noise figure le =5 mA; Vg =-10V; f=500 MHz; |25 - dB
Tamp =25 °C
dim intermodulation distortion le ==14 mA; Vee =10V, R. =75 Q; -60 - dB
Vo =150 mV; Tamp = 25 °C;
fip+rgr) = 493.25 MHz
Note

1. T, is the temperature at the soldering point of the collector tab.
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Philips Semiconductors

Product specification

PNP 5 GHz wideband transistor BFT92
LIMITING VALUES
In accordance with the Absolute Maximum System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Veso collector-base voltage open emitter - =20 W
Veeo collector-emitter voltage open base — -15 vV
Veso emitter-base voltage open collector - -2 v
Ic DC collector current - -25 mA
lem peak collector current f>1MHz - -35 mA
Piot total power dissipation upto Tg=95°C; note 1 |- 300 mwW
Tstg storage temperature -65 150 °C
T Junction temperature - 175 °C
THERMAL RESISTANCE
SYMBOL PARAMETER CONDITIONS THERMAL RESISTANCE
Rnjs thermal resistance from junction to up to T = 95 °C; note 1 260 KW
soldering point
Note

1. Tsis the temperature at the soldering point of the collector tab.
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Philips Semiconductors

Product specification

PNP 5 GHz wideband transistor BFT92
CHARACTERISTICS
T; = 25 °C unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Iceo collector cut-off current le=0; Ve =-10V; - - -50 nA
hee DC current gain lc=-14 mA; Vcg =10V 20 50 -
fr transition frequency lc =-14 mA; Vcg=-10V; - 5 - GHz
f =500 MHz
Ce collector capacitance lE=ie=0; Ve =-10V;f=1MHz - 0.75 | - pF
Ce emitter capacitance le=1.=0;Vgg =05V, f=1MHz - 08 |- pF
Cre feedback capacitance le==-2mA; Vg =-10V; f=1MHz - 07 |- pF
Gum maximum unilateral power gain lg==14 mA; Vg =-10V; - 18 - dB
(note 1) f =500 MHz; Tgy, =25 °C
F noise figure le =-5mA; Ve =-10V; - 25 |- dB
f =500 MHz; Tamp =25 °C
Vo output voltage note 2 - 150 |- mY
Notes

1. Gy is the maximum unilateral power gain, assuming S, is zero and
2
[S24]

dB
( 1 _|S11|2J‘L1 _|52:|2)

2. di, =60 dB (DIN 45004B); Ic = -14 mA; Ve =10V, R =75 Q;
Vp =V, at dip, = 60 dB; f, = 495.25 MHz;
Vg =V, —6dB; f; = 503.25 MHz;
V=V, -6 dB; f, = 505.25 MHz;
measured at fi,, 4.y = 493.25 MHz.

Gyn = 10 log
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PNP 5 GHz wideband transistor

BFT92

—24V

390 0

660 pF

75 00—} l

16 02

MEADTE

L2 = L3 = 5 pH Femoxcube choke, catalogue
number 3122 108 20130.

L1 = 4 tumns 0.35 mm copper wire;
winding pitch 1 mm; internal diameter 4 mm.

Fig.2 Intermodulation distortion test circuit.

MEAT

100
Nee

75

———
50 B
25
D
0 10 0 . (may 30
Veg=-10V; Tj=25°C.
Fig.3 DC current gain as a function of collector
current.

MEAG2D
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I e e
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0.4
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le=ie=0;T=1MHz Tj= 25°C.

Fig4 Collector capacitance as a function of
collector-base voltage.
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!
2
0
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Veg=-10'V; f=500 MHz; Tj= 25 °C.
Fig.5 Transition frequency as a function of
collector current.
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I
FAIRCHILD
I

SEMICONDUCTOR®

LM317

3-Terminal Positive Adjustable Regulator

www.fairchildsemi.com

Features Description
* Qutput Current In Excess of 1.5A This monolithic mtegrated circuit 1s an adjustable 3-terminal
+ QOutput Adjustable Between 1.2V and 37V positive voltage regulator designed to supply more than 1.5A
+ Internal Thermal Overload Protection of load current with an output voltage adjustable overa 1.2
» Internal Short Circuit Current Limiting to 37V. It employs mternal current limiting, thermal
* QOutput Transistor Safe Operating Area Compensation shut-down and safe area compensation.
+ TO-220 Package

TO-220 Output

V4

1

1. Adj 2. Output 3. Input

Internal Block Diagram

Input

N
I .ﬁ] ",
Or—e

A R
™.
s
‘H\H“x—

Voltage Protection

Reference Circuitry
‘f‘ Rlimit
* 2

Clutput
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LM317

Absolute Maximum Ratings

Parameter Symbol Value Unit
Input-Cutput Voltage Differential Vi-Vo 40 Ay
Lead Temperature TLEAD 230 °C
Power Dissipation PD Internally limited W
Operating Junction Temperature Range Tj 0-~+125 °C
Storage Temperature Range TsTG -65 ~ +125 °C
Temperature Coefficient of Output Voltage AVo/AT +0.02 %/*C

Note 1: Absolute Maximum Ratings: are those values beyond which the safety of the device cannot be guaranteed. The device
should not be operated at these limits. The parametric values defined in the Electrical Characteristics tables are not guaranteed
at the absolute maximum ratings. The "Recommended Operating Conditions" table will define the conditions for actual device
operation.

Electrical Characteristics
(VI-VO =5V, 10 =05A, 0°C £TJ £+125°C, IMAX = 1.5A, PDMAX = 20W, unless otherwise specified)

Parameter Symbol Conditions Min. | Typ. | Max. Unit
Ta = +25°C
i - 001 | 0.04 %/ WV
Line Regulation (Note2) Rline | 3V =VI-V0=40V
AV =VI-Vo =40V - 002 | 0.07 %/ V
Ta=+25°C, 10mA =10 = Imax
Vo< 5V - 18 25 [mV%/Vo
) Vo z 5V 0.4 05
Load Regulation (Note2) Rload -
10mA <o = Imax
Vo <5V - 40 70 [(mV%NVo
Voz BV 08 15
Adjustable Pin Current lADJ - - 46 100 nA
) i 3V =V -Vo =40V
Adjustable Pin Current Change Alapy 10mA £ 10 < ImAx PD < PMax | 20 5 JTLy
3V EVIN-VO =40V
Reference Voltage VREF | 10mA <10 < IMaXx 120 125 | 1.30 V'
PD = Pmax
Temperature Stability STT - - 0.7 - %/NO
Minimum Load Current to Maintain _
Regulation LNy | VI-Vo =40V - 3.5 12 mA
Vi-Vo =15V, PD = Pmax 29
Maximum Output Current lomaxy | Vi-Vo <40V, Pp < Pmax 1.0 0'3 - A
TA=25°C )
RMS Noise, % of VouT enN Ta=+25°C, 10Hz =f = 10kHz - 0.003 | 0.01 %O
Vo =10V, f=120Hz
Ripple Rejection RR without CADJ B6 60 - dB
CaDJ = 10uF (Note3) 75
- _ Ta = +25°C for end point o
Long-Term Stability, TJ = THIGH ST measurements, 1000HR ) 0.3 L o
Thermal Resistance Junction to Case| RsgJc - - 5 - °CIW

Note 2: Load and line regulation are specified at constant junction temperature. Change in VD due to heating effects must be
taken into account separately. Pulse testing with low duty is used. (Ppmax = 20W)
Note 3: CaDJ, when used, is connected between the adjustment pin and ground.
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LM317

Typical Performance Characteristics

OUTPUT VOLTAGE DEVIATION{%)
H

&

e

INFUT-OUTFUT DIFFERENTIAL(V)
in

b= 058
P
|L=f|—_-.n.\\
W, =18V
Wa = W
@ = L 00 125
TEMPERATURE (*C)
Figure 1. Load Regulation
Vg = 100mY
I-"."""'--. =14
h--_‘-'--
e
"""'--.. — .= 200ma,
\h"‘--...______
a x 50 k] 100 125
TEMPERATURE (°C)

Figure 3. Dropout Voltage

ADJUSTMENT CURRENT{uA)

REFERENCE VOLTAGE(Y)

s ——
50 =
| —

4 -

AD

e |
-0 -25 o 25 E0 75 100 125

TEMPERATURE (°C)

Figure 2. Adjustment Current

128
"
L — T~
1255
1.25
1245
124
1.23m
-5 -pm ) P 50 5 wr 12s
TEMPERATURE (*C)

Figure 4. Reference Voltage
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LM317

Typical Application

Wiy

w LM317
Input
ci I Jr
0. 1l lag
Rz Il

Fi

v 0 Output
Co

1uF

Vo=1.25V (1+ R2/ Ri}+lagiR2

Figure 5. Programmable Regulator

+ Ci is required when regulator is located an appreciable distance from power supply filter.

Cg 1s not needed for stability, however, it does improve transient response.

Since IADJ is controlled to less than 100uA. the error associated with this term 1s negligible in most applications.
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LM158, LM158A, LM258, LM258A
LM358, LM358A, LM2904, LM2904V
DUAL OPERATIONAL AMPLIFIERS

SLOS0EEP - JUME 1976 - REVISED SEFTEMBER 2004

Wide Supply Range:

- Single Supply...3Vto32V
(26 V for LM2904)

- or Dual Supplies...+1.5Vio+16V
(+13 V for LM2904)

Low Supply-Current Drain, Independent of
Supply Voltage . .. 0.7 mA Typ

Common-Mode Input Voltage Range
Includes Ground, Allowing Direct Sensing
Near Ground

Low Input Bias and Offset Parameters:
- Input Offset Voltage . . . 3 mV Typ
A Versions ... 2 mV Typ
- Input Offset Current. .. 2 nA Typ
- Input Bias Current . . . 20 nA Typ
AVersions ... 15 nA Typ

Differential Input Voltage Range Equal to
Maximum-Rated Supply Voltage ... 32V
(26 V for LM2904)

Open-Loop Differential Voltage
Amplification . . . 100 VimV Typ

Internal Frequency Compensation

description/ordering information

These devices consist of two independent,
high-gain, frequency-compensated operational
amplifiers designed to operate from a single
supply over a wide range of voltages. Operation from split supplies also is possible if the difference between
the two supplies is 3 V to 32 V (3 V to 26 V for the LM2904), and V. is at least 1.5 V more positive than the
input common-mode voltage. The low supply-current drain is independent of the magnitude of the supply
voltage.

LM158, LM158A.. .. JG PACKAGE
LM258, LM258A . .. D, DGK, OR P PACKAGE
LM358. .. D, DGK, P, PS, OR PW PACKAGE

LM358A . .. D, DGK, P, OR PW PACKAGE
LM2904 . ..D, DGK, P, PS, OR PW PACKAGE

(TOP VIEW)

~ afivec
] 20UT
] 21N-
] 21N+

10UT [J1
1IN-[] 2
1N+ [] 3
GND []4

o =~

LM158, LM158A . .. FK PACKAGE
(TOP VIEW)

+

5 &
Up LoV
Z-oz> =z

NC NC
TIN- 20UT
NC NC
1IN+ 2IN-
NC NC

MNC — No intemal connection

Applications include transducer amplifiers, dc amplification blocks, and all the conventional operational
amplifier circuits that now can be implemented more easily in single-supply-voltage systems. For example,
these devices can be operated directly from the standard 5-V supply used in digital systems and easily can
provide the required interface electronics without additional £5-V supplies.
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LM158, LM158A, LM258, LM258A
LM358, LM358A, LM2904, LM2904V
DUAL OPERATIONAL AMPLIFIERS

SLOS06EP - JUNE 1976 — REVISED SEPTEMBER 2004

symbol (each amplifier)

IN+ ——— +>
out
IN- — >
schematic (each amplifier)
T * * * Vee+
~6uA =6-pA =100-uA
Current Current Current
Regulator Regulator Regulator
[ —
L] g
K/ [ .
. l out
T | S—
L
IN+ =50pA
| A& Current
L4 Regulator
L GND (or Voc-)
sl ea. s, » To Other Amplifier
COMPONENT COUNT
Epi-FET 1
Diodes 2
Resistors 7
Transistors 51
Capacitors 2

118



LM158, LM158A, LM258, LM258A
LM358, LM358A, LM2904, LM2904V
DUAL OPERATIONAL AMPLIFIERS

SLOS068P - JUNE 1576 - REVISED SEPTEMBER 2004

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)f

Li255, L250A
LM358: LM3584 LM2904 UNIT
LM2904V
Supply voltage, Vi (see Note 1) +16 or 32 +130r26 vV
Differential input voltage, V|0 (see Note 2) +32 +26 4
Input voltage, V| (either input) -03to0 32 -03to 26 v
e e e e o) rimied | rimied
D package a7 97
DGK package 172 172
Package thermal impedance, 6 4 (see Notes 4 and 5) P package a5 85 °CIW
PS package 95 95
PW package 149 149
. FK package 561
Package thermal impedance, 8 j¢ (see Notes 6 and 7) 1G package 5 “CW
LM158, LM158A -5510 125
] i LM258, LM258A -251t0 85
Operating free-air temperature range, Ta, LM358, LM358A 01070 °C
LM2904 -40to 125 -40 1o 125
Operating virtual junction temperature, T 150 150 °C
Case temperature for 60 seconds FK package 260 °C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds JG package 300 300 °C
Storage temperature range, Tstg —-65to 150 —65 1o 150 °C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions™ is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. All voltage values, except differential voltages and Vo specified for measurement of g, are with respect to the network ground

terminal.
. Differential voltages are at IN+ with respect to IN-.

2
3. Short circuits from outputs to Vo can cause excessive heating and eventual destruction.
4. Maximum power dissipation is a function of T j(max), 8 4. and Ta. The maximum allowable power dissipation at any allowable

ambient temperature is Ppy = (T j{max) - Ta)6 ja. Operating at the absolute maximum T of 150°C can affect reliability.

5. The package thermal impedance is calculated in accordance with JESD 51-7.
6. Maximum power dissipation is a function of T j(max), 8 )c. and T¢. The maximum allowable power dissipation at any allowable case
temperature is Pp = (T j(max) - T¢)Byc. Operating at the absclute maximum T of 150°C can affect reliability.

7. The package thermal impedance is calculated in accordance with MIL-STD-383.
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LM158, LM158A, LM258, LM258A
LM358, LM358A, LM2904, LM2904V
DUAL OPERATIONAL AMPLIFIERS

SLOS06EP — JUNE 1876 - REVISED SEFTEMBER 2004

operating conditions, Vo =+15V, Ta = 25°C

PARAMETER TEST CONDITIONS TYP | UNIT
) ; R =1MQ C =30pF Vi=+10V
SR Slew rate at unity gain (see Figure 1) 03| Vips
Bq Unity-gain bandwidth Rp =1MQ, C =20 pF (see Figure 1) 07] MHz
Vi Equivalent input noise voltage (F;g e: FIISS::; '2\;1 =0V, 1=1kHz 40 | n'vHHz

>

Figure 1. Unity-Gain Amplifier

Vo

Ry

9000
My
Vees
100
V=0V — A —
RS
Vee-

— \p

Figure 2. Noise-Test Circuit

120



MAX232, MAX232I
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047L - FEBRUARY 1989 — REVISED MARCH 2004

® Meets or Exceeds TIA/EIA-232-F and ITU MAX232. .. D, DW, N, OR NS PACKAGE
i MAX2321...D, DW, OR N PACKAGE
Recommendation \.f.28 (TOP VIEW)
® Operates From a Single 5-V Power Supply
With 1.0-uF Charge-Pump Capacitors 1 18]l vee
® Operates Up To 120 kbit/s 2 15]] GND
® Two Drivers and Two Receivers i :“31 ET:JT
® 30-V Input Levels . 5 2] R10UT
® Low Supply Current . .. 8 mA Typical 6 1l TN
® ESD Protection Exceeds JESD 22 7 10]] T2IN
— 2000-V Human-Body Model (A114-A) 8 9]] R2OUT
® Upgrade With Improved ESD (15-kV HEM)

and 0.1-uF Charge-Pump Capacitors is
Available With the MAX202
® Applications
- TIA/EIA-232-F, Battery-Powered Systems,
Terminals, Modems, and Computers

description/ordering information

The MAX232 is a dual driver/receiver that includes a capacitive voltage generator to supply TIA/EIA-232-F
voltage levels from a single 5-V supply. Each receiver converts TIA/EIA-232-F inputs to 5-V TTU/CMOS levels.
These receivers have a typical threshold of 1.3 V, a typical hysteresis of 0.5V, and can accept +30-V inputs.
Each driver converts TTL/CMOS input levels into TIA/EIA-232-F levels. The driver, receiver, and
voltage-generator functions are available as cells in the Texas Instruments LInASIC™ library.

ORDERING INFORMATION

™ PACKAGE! PARTRUMBER | MARIING
FDIP (N) Tube of 25 MAXZ32N MAXZ32N
Tube of 40 MAX232D
SOIC (D) Reel of 2500 MAXZ32DR MAX232
OClo70°C Tube of 40 MAX232DW
SOIC W) Freaor 7000 MAXZ32DWR MAX232
SOP (NS) | Reel of 2000 MAXZ32NSR MAXZ32
FDIP (N) Tube of 25 MAXZ32IN MAX232IN
Tube of 40 MAXZ32ID
_pcrossec | SOCD) Reel of 2500 MAX232IDR MAX232!
Tube of 40 MAX232IDW
SOIC(OW) =T of 2000 MAXZ32IDWR MAXZ32!

TPackage drawings, standard packing quantities, thermal data, symbolization, and PCB design
guidelines are available at www ti.com/sc/package.
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MAX232, MAX232|
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047L - FEBRUARY 1989 - REVISED MARCH 2004

Function Tables

EACH DRIVER
INPUT | OUTPUT
TIN TOUT
L H

H L

H = high level, L = low
level

EACH RECEIVER
INPUT | OUTPUT
RIN ROUT
L H
H L

H = high level, L = low
level

logic diagram (positive logic)

1 14

TIIN >o
10 7

T2IN >O
12 13

R1OUT o<
9 8

R20UT o<

T10uT

T20UT

R1IN

R2IN
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MAX232, MAX232I
DUAL EIA-232 DRIVERS/RECEIVERS

SLLSD47L - FEBRUARY 1989 - REVISED MARCH 2004

absolute maximum ratings over operating free-air temperature range (unless otherwise noted]'l'

Input supply voltage range, Ve (seeNote 1) ... -03Vto6vV
Positive output supply voltage range, Vg, ... ... ... Vee-03Vio 15V
Negative output supply voltage range, Vg— ... ... .. ... -03Vto-15V
Input voltage range, V- Driver ... .. -03VioVge+03V
Receiver ... .. +30V

Output voltage range, Vq: TIOUT, T20UT ... .. ... . . .. ... ... ... Vg -03VioVg, +03V
R1OUT, R20UT . . -03VioVee+03V

Short-circuit duration: T1OUT, T20UT . .. Unlimited
Package thermal impedance, 65 (see Notes 2and 3): Dpackage ...... ... .. ... ... ... ... ... 73°CIW
DWpackage .. ... . .. . ... . ... 57°C/W

Npackage . .. ... . . .. ... . ... B67°C/W

NSpackage .. ... .. .. ... ... .. ... . ... 64°C/W

Operating virtual junction temperature, Ty .. ... 150°C
Storage temperature range, Tstg __________________________________________________ -65°C to 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. All voltages are with respect to network GND.

2. Maximum power dissipation is a function of T j{max), 8 ja, and Ta. The maximum allowable power dissipation at any allowable
ambient temperature is Pp = (T j(max) — Ta¥ea. Operating at the absolute maximum T j of 150°C can affect reliability.
3. The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions

MIN  NOM  MAX | UNIT
Voo Supply voltage 45 5 55 \'
ViH High-level input voltage (T1IN, T2IN) 2 W
VL Low-level input voltage (TTIN, T2IN) 0.8 W
R1IN, RZIN Receiver input voltage +30 W
) i MAX232 0 70
TA Operating free-air temperature TSR] 0 3 °C

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (see Note 4 and Figure 4)

PARAMETER TEST CONDITIONS MIN TYPE MAX | unNIT
lcc  Supply current ¥§E ;E?g V. All outputs open, 8 0] mA

T All typical values are at Vo =5V and Ta = 25°C.
NOTE 4: Test conditions are C1-C4=1uF at Voo =5V 05V
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MAX232, MAX232l
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047L - FEBRUARY 1989 - REVISED MARCH 2004

PARAMETER MEASUREMENT INFORMATION

Ve

R1OUT ? RL =13k

R20UT See Note C

Pulse
,Gengrator

[ | L, -
=1 '.:,\.‘l:|::
R T+
P51 CCunT
=10ns —»| lk— —»| le—<10ns
| | |
Input | Ao o0 +|_ ______ 3V
PUL 409, I/ 50% 50% N 10%
- | I - nwv
T e] ] A

CavE

NOTES: A The pulse generator has the following characteristics: Zy = 50 Q, duty cycle = 50%.
B. Cp includes probe and jig capacitance.
C. All diodes are 1TN3064 or equivalent.

Figure 1. Receiver Test Circujt and Waveforms for tpyy and tp y Measurements
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MAX232, MAX232I
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047L - FEBRUARY 1989 - REVISED MARCH 2004

APPLICATION INFORMATION

5y
o
Cpypass=1TuF =~
1 16 1
L c3t == 1uF
1 Vee T
— L c1+ 2 “»
C1==1uF 3 \I’S+ meey
. c1- 6
IR by Vs |——4—— -85V
C2-=1pF 5 G 1wF
L T
Cu > 1 Eia 332 Output
From CMOS or TTL 10 > N EIA-232 Qutput
12
12 ] r < Ba232imput
ToCMOSorTILY o | o |<2% maza
0V 2t Input
15
GND

TC3 can be connected to Voo or GND.
NOTES: A Resistor values shown are nominal.

B. Nonpolarized ceramic capacitors are acceptable. If polarized tantalum or electrolytic capacitors are used, they should be
connected as shown. In addition to the 1-uF capacitors shown, the MAX202 can operate with 0.1-uF capacitors.

Figure 4. Typical Operating Circuit
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]
FAIRCHILD
]

SEMICONDUCTOR

PN100
PN100A

MMBT100
MMBT100A

SOT-23 B
Mark: MA T HA1

NPN General Purpose Amplifier

This device is designed for general purpose amplifier applications

at collector currents to 300 mA. Sourced from Process 10.

Absolute Maximum Ratings® 1, -25:c uness otherwise notea
Symbol Parameter Value Units
Veeo Collector-Emitter Voltage 45 WV
Veeo Collector-Base Voltage 75 v
Veso Emitter-Base Voltage 6.0 W
Iz Collector Current - Continuous 500 mA
Ty, Tag Operating and Sterage Junction Temperature Range -55 to +150 °C

*T"ese ratings are limiting walues above which the serviceability of any semiconductor device may be impaired.

NOTES:

1) These ratings are based on a maximem junction temperature of 150 degrees C.

2) These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations.

Thermal CharacteristiCs T, - 25:cunless oterwis noted
Symbol Characteristic Max Units

PN100 *MMBT100
PN100A “MMBT100A
Po Total Device Dissipation 625 350 mWW
Derate above 25°C 50 28 mW/=C

R Thermal Resistance, Junction to Case 833 W
= Thermal Resistance, Junction to Ambient 200 357 “CAW

*Devioe mounted on FR-4 PCB 1.8" X 1.6° X 0.06."
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Electrical Characteristics -

NPN General Purpose Amplifier

{continued)

&=25‘C unbess othenwise noted
Symbol Parameter Test Conditions Min | Max | Units
OFF CHARACTERISTICS
BV eeo Collector-Base Breakdown Voltage le=10pA. lg=0 75 v
BYeeo Collector-Emitter Breakdown Voltage® | le=1mA,lg=0 45 AU
BY=po Emitter-Base Breakdown Voltage le=10pA, Iz=0 6.0 W
) Collector Cutoff Current Veg =60V 50 nA
leg= Collector Cutoff Current Vee =40V 50 nA
leso Emitter Cutoff Current Veg =4V 50 nA
ONCHARACTERISTICS
NFe DC Current Gain le =100 pA, Vee=10V 100 80
100A 240
le =10 mMA, Vee=1.0V 100 100 450
100A 300 600
le =100 mA, Vee = 1.0 V* 100
le =150 mA, Vee =5.0V* 100 100 350
1004 | 100
Wigisay Collector-Emitter Saturation Yoltage | le =10 mA, le = 1.0 mA 02 A
lc =200 mA, le = 20 mA* 0.4 W
Wegeat Base-Emitter Saturation Voltage le =10 mA, lg = 1.0 mA 0.85 W
le =200 mA, lg = 20 mA* 1.0 3
SMALL SIGNAL CHARACTERISTICS
fr Current Gain - Bandwidth Product Vee =20V, lc =20 mA 250 MHz
Cobo Output Capacitance Ves =50V, f=1.0MHz 45 pF
MNF Moise Figure lc = 100 pA, Vee = 5.0V, 100 50 dB
Rg =20k, f=10kHz 100A 40 dB
5“F'..Is.\ETest: Pulse Width <300 ps. Duty Cycle <2.0%
Typical Characteristics
Typical Pulsed Current Gain Collector-Emitter Saturation
= vs Collector Current = Voltage vs Collector Current
& 400 I ] @04
E — 1 Ves = 5V E Jf
sl 125°C o =10
& 200 AN > 03 s /
a ] ES‘C-“- \ E ,f
o = ae L i
| = 25°¢C —_'z",
& 200 \ go2 %
& -40°C Bl R & A;
E‘ 100 'X\ 5 125:C .a/_'//l
Q N W o1 [ w0
E 5‘ g |
Boo bt | |
£ 10 20 30 50 100 200 200 500 i1 0 100 400
le - COLLECTOR CURRENT (mAj} =

lz- COLLECTOR CURRENT (mA)
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NPN General Purpose Amplifier

(continuad)

Typical Characteristics (continued)

| cgn~ COLLECTOR CURRENT (nA) Vigar- COLLECTOR-EMITTER VOLTAGE (V)

TIME (nS}

Base-Emitter Saturation
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APPENDIX C
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1. Install the accompanied software on the host PC before using this device.
The device needed the software to output the results on the PC through

the program’s GUI display.

Wireless Blood Pressure and Pulse
Rate Monitoring Device Using
ZigBee Technology

% ® ‘

Blood Pressure Pulse Rate

Exit

Ensure that the host PC has a serial port to connect the receiver part of

the system.

2. Connect the receiver part of the system to the serial port of the host PC.
If the computer is using Windows XP check the designated number of

the serial port to be used by the program. Please follow the steps below:
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a. Click Start > Control EERIEE

Panel - System

File Edit View Favorites Tools Help

Q-3 X DD IRE

Address (3 Control Panel

& X D W
" @& 9P =

Game Internet Internet Keyboard
Controllers  Connecti... Options

e @ 3 B

Printers and Regional and Scanners and Scheduled  Sounds and Speech
Faxes Language.. Cameras Tasks Audio De...

P & @

Accessibility Add Addor  Administrat... Automatic Date and Display Folder
Options Hardware Remov... Tools Updates Time Options

D @ b

Mouse Network  Phone and
Connections  Modem ...

Taskbar and
Start Menu

User
Accounts

b. Under the System Properties, Click the “Device Manager” Button

System Properties

el

[

System Restore I Automatic Updates [ Remote

\

General | ComputerName |  Hardware Advanced |

Add Hardware Wizard
% The Add Hardware Wizard helps you install hardware.

Add Hardware WEzard ]

Device Manager

@. The Device Manager lists all the hardware devices installed
on your computer. Use the Device Managerto change the
properties of any device.

L' Driver Signing J H Device Manager Q

Hardware Profiles

Hardware profiles provide a way for you to set up and store
different hardware corfigurations.

[ Hordware Profles

oK | [ Cancel |
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c. Expand the “Ports” category by clicking the plus sign beside it and look
for the number beside available communication port name, in this case

W 1" |S the £ Device Manager

File Action View Help
g 2 a

= ) —

[ ﬂ Bluetooth USB

port. : 4 Computer

available

< Disk drives

@ Display adapters

[+ DVD/CD-ROM drives

+-i=3 Floppy disk controllers

+ 89 Human Interface Devices

+ (=) IDE ATA/ATAPI controllers

+-» Keyboards

+- ) Mice and other pointing devices

+. %@ Monitors

+ H8 Network adapters

= Ports (COM & LPT)
F‘/ Communications Po
. ECP Printer Port (LPT1)

+ %% Processors

#- @, Sound, video and game controllers

+. ' System devices

+ Q Universal Serial Bus controllers

3.For the required voltage of the blood pressure and pulse rate measuring
system, it needs an AC source of 220 volts. After plugging the device to

a valid power outlet, turn the device on by turning the "ON" switch.

4. Run the accompanied program which is installed earlier in the host PC.
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5. Determine what function to be used in the device. To use the blood

pressure measuring part, push the “Enable BP” button.

To use the pulse rate measuring part of the device, push the “Pulse Rate”

button.

6.In the running program, choose between the pulse rate and the blood

pressure measurement.
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Click the button to select the function. In the “Port” textbox near the top
of the GUI of the program, input the humber of the port which is checked

earlier from step 2.

% (1] e o1
C nnect ‘ “onnect |
Catey.., Systalic Diastolic
Blood Pressure: Hypotensian < a0 <60 00
Normal 90-119  60-79
000 / 000 Prehypertension 120-139  80-89
Stage 2 Hypertension 5160 >=100 Pulse/Minute

Status

llowss o
i

If the blood pressure GUI is to be used, carefully place the arm-cuff
from the device to the arm of the patient, press the “Read Blood
Pressure” in the device to start inflating the arm-cuff and let the device
read the blood pressure of the patient. After the arm-cuff has released the
air which indicates that the device has finished taking the blood pressure,
press the “"Send BP” in the device to transfer the measurement to the PC

which will be displayed in the software
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If the pulse reading system is to be used, place the pointing finger
of the person to the pulse reading device. Please note the proper side of
the device before placing the finger in the input of the device. Upon using
the pulse rate measurement system, an indicator will flash in the GUI
program to indicate that the program is reading the pulse rate of the
person. A LED indicator is also present in the device to indicate this

measurement.
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