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ABSTRACT

The design study is all about PSoC based Blood Pressure Monitor. It is
developed using a Programmable System on Chip which is being manufactured
by Cypress Semiconductor Corporation. The systolic, diastolic and the pulse rate
reading are displayed on a Liquid Crystal Display or LCD making it digital. The
date and time is present in the display. It can also store the readings with the
date and time information included. Also, this prototype has a battery
rechargeable function. The purpose of the design is to create a low cost design
and to enhance the functionality of the blood pressure meter in the market using
the PSoC microcontroller. The design is conducted by gathering related literature
and studies which was used in determining the features that is needed in the
design. It is followed by creating the circuit diagram, studying the program to be
used and developing the design with all the gathered components. After
developing the design and did actual testing, the group can say that the
accuracy of the design is almost the same with the existing blood pressure
monitor in the market. The functionality of the design and all of its features are
properly working.

Keywords: Programmable System on Chip, systolic, diastolic, pulse rate,
rechargeable
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CHAPTER 1
DESIGN BACKGROUND AND INTRODUCTION

Introduction

Hypertension, or commonly referred to as high blood pressure, is one of
the most serious conditions our society is facing nowadays. It is dangerous in a
sense that it can lead to coronary heart disease, heart failure, stroke, kidney
failure, and other health problems. “Blood pressure” is the force of blood pushing
against the walls of the arteries as the heart pumps out blood. When this
pressure rises and stays high over time, it can damage the body in many ways.

There is a device that monitors the blood pressure condition of a person
and that is the blood pressure meter. A blood pressure meter is a device used to
measure blood pressure, comprising an inflatable cuff to restrict blood flow, and
a mercury or mechanical manometer to measure the pressure. It is always used
in conjunction with a means to determine at what pressure blood flow is just
starting, and at what pressure it is unimpeded. The device was invented by
Samuel Siegfried Karl Ritter von Basch. Scipione Riva-Rocci, an Italian physician,
introduced a more easily used version in 1896. Harvey Cushing discovered this
device in 1901 and popularized it. This device is also known as
sphygmomanometer, which came from the Greek word sphygmos or pulse, plus
the scientific term manometer which is a pressure meter.

A sphygmomanometer usually consists of an inflatable cuff, a measuring

unit, a tube to connect the two, and an inflation bulb also connected by a tube to



the cuff which is commonly found in models that don't inflate automatically. The
inflation bulb contains a one-way valve to prevent inadvertent leak of pressure
while there is an adjustable screw valve for the operator to allow the pressure in
the system to drop in a controlled manner. This device had been improved to
different kind of models that include application of modern technology having
microcontrollers in it.

Developing a digital blood pressure meter that does the same job as what
the analog devices do will have humerous advantages. There are existing digital
blood pressure meters but these are expensive because of the microcontrollers
and components used in these devices. That is why innovating the existing blood
pressure monitor that uses PSoC or the Programmable System on Chip will be
very efficient in terms of its functionality, portability and cost effectiveness. It
will read and display the pressure through the blood pressure cuff getting its
systolic and diastolic pressure. Systolic blood pressure is the pressure when the
heart beats while pumping blood. Diastolic blood pressure is the pressure when
the heart is at rest between beats. The unit of measurement for blood pressure
reading is millimeters of mercury (mmHg). The blood pressure readings can be
classified according to the range of systolic and diastolic reading to determine if
it is normal, hypotension or hypertension condition (see Table 4.1). The pulse
rate reading can be measured and can be classified if the user has bradycardia,

tachycardia or has normal pulse rate.



The Design Setting

Developing this PSoC based Blood Pressure Monitor will help avoid high
blood pressure condition. It can be used in monitoring the blood pressure status
of a person so that they are always aware of their heart condition even when
they are at home, office, or anywhere since this design is portable. The design is
also easy to use as compared to the usual blood pressure device because it is
automatic, meaning there is no need to pump air manually and to be
knowledgeable on how to use a stethoscope. By pushing the start button, the
design will automatically pump air and display the result in systolic and diastolic
reading as well as the pulse rate reading.

The user of the existing blood pressure meter in the market either analog
or digital requires them to record the readings that they got so that there is still
a record for future comparison of their blood pressure measurements. Doing this
design study will make it easier for them to automatically record and view their
blood pressure measurements.

In addition, current digital blood pressure meter in the market are quite
expensive and uses only a battery to make them work. This design would
enhance the usability and reliability of blood pressure meter by making it

rechargeable.



Statement of the Problem

High blood pressure is a serious condition that tends to rise with age. A
healthy lifestyle can prevent it but there is always a need to monitor our heart’s
condition. Having a personal blood pressure meter is a good way of monitoring
blood pressure.

At present, people spend their money on cheaper products without
considering the efficiency and functionality of the product. When it comes to
blood pressure meter, an aneroid blood pressure meter is still being used and
available at home because of its cheaper price compared to the digital blood
pressure meter. This requires a medical knowledge and a stethoscope in using
this device, and a companion who will assist you while getting the readings.

Although there is already an existing digital blood pressure meter in the
market which is easier to use, the price is not affordable. The company who
manufactures this device uses microcontrollers and other components that make
it expensive. People who will buy this device will spend more money in
maintaining its functionality and usability because it requires a battery to make it
work.

Due to the problems that arise, our group needs to create a low cost
digital blood pressure monitor that can reassure the user of its accuracy,

efficiency and reliability.



The Objective of the Design
The main objective of this design is to create a low-cost digital blood
pressure monitor prototype using Programmable System on Chip or PSoC
microcontroller. The group considered the following to implement the design
project:
1. To be able to store systolic reading, diastolic reading and pulse rate
reading.
2. To be able to store the readings into four different memory modules that
contain the date and time it was taken.
3. To be able to design a prototype that will work using either a battery
supply or a direct power supply as its main power source.
4. To be able to incorporate rechargeability feature through the use of
rechargeable battery supply.
The Significance of the Study
Having this design done will be very beneficial to people especially to
those who suffer high blood pressure condition. This study promotes health
awareness to people and that they can monitor their own blood pressure using
this prototype. Using this would be simple and some features were enhanced
making it valuable. This was created to minimize the expenses of the people who
are using a battery operated blood pressure meter which costs much and not

environment friendly. Through this study, the group was able to apply their



technical skills and knowledge learned not just in engineering but also their
research in the field of health and science.
The Conceptual Framework

In order to build this design, the group shared and discussed different
ideas and principles related to this study. Figure 1.1 shows the conceptualized
design of the system. This conceptual framework illustrates the flow of which the
device works starting from its input then how it will be processed until it

produces an output.

INPUT PROCESS OUTPUT

Detection of pressure

Blood Pressure

Arm cuff Conversion of signal reading
Pressure
Calculation of systolic, Pulse Rate
Pulse Beat diastolic and pulse rate reading
reading

Figure 1.1 Conceptual Framework of the System
Using the conceptual framework Figure 1.1 above, the design shows that
the arm cuff pressure and pulse beat are the input of the system. The pulse beat
is an independent variable which comes from the user. The arm cuff is
pressurized during inflation that will cause a series of pulse beat during deflation.

A change in pressure is detected by the pressure sensor which generates a signal



that will pass to the operational amplifier. The process of converting the signal
from analog to digital takes place in the microcontroller. The calculation of the
systolic, diastolic and pulse rate is also processed in the PSoC microcontroller.
The process will continue until deflation is finished. After the systolic, diastolic
and pulse rate has been determined, it will be sent to the LCD to display the
blood pressure reading and the pulse rate reading.
The Scope and Delimitations
The design will cover innovation and development of the Programmable
System on Chip based Blood Pressure Monitor. The group has set the scope and
delimitation of the design as follows:
The Scope:
1. The design uses a PSoC microcontroller as a substitute to the usual
microcontroller used in the market.
2. The blood pressure monitor works automatically once started.
3. The blood pressure monitor can also determine and display the pulse rate
reading.
4. It can record blood pressure reading and pulse rate reading including the
date and time it was taken.
5. It can record 30 blood pressure readings on each memory modules.
6. It consists of 4 memory modules which are A, B, C and D.
7. An indicator SA that means save is displayed every after blood pressure

reading.



8.

9.

An indicator EE that means error is displayed if the reading is out of range.

The prototype uses a rechargeable battery and a 6V-12V adaptor.

10.The prototype still works while charging.

11.The date and time can be set manually and updates automatically.

12.There is a light indicator when the prototype is charging.

13.There is a display indicator when the battery is drained or emptied.

Delimitations:

1.

5.

7.

The battery should not be emptied so that the records in the memory will not
be deleted.

The blood pressure monitor can only record up to a maximum of 120
readings.

The maximum range of the blood pressure reading is up to 190 mmHg.

The time setting in the device uses only 24 hour military time.

The arm cuff cannot be detached from the main device.

The prototype is unable to determine and display the hypertension

classification of the reading.

8. The prototype has a preset of memory locations A, B, C, and D and cannot

store names as indicator for each memory module.

9. There is no indicator when the battery is fully charged.

10. There is no display indicator of how much battery charge is remaining.



Definition of Terms

Adaptor is a device connecting electric appliances to a single socket. (Oxford,
2007).

Amplitude is the maximum value of a signal. (Alexander and Sadiku, 2003).
Artery is one of the tube-shaped blood vessels that carries blood away from the
heart; these are thick-walled, flexible and muscular. (Brueschke, 1993).
Auscultation is the technical term for listening to the internal sounds of the
body using a stethoscope. Auscultation is performed for the purposes of
examining the circulatory system and respiratory system (heart sounds and
breath sounds), as well as the gastrointestinal system (bowel sounds).
(Brueschke, 1993).

Bradycardia occurs when the pulse rate is below 60 per minute. (Brueschke,
1993).

Battery is a device containing electrical cells or cells used as a source of power.
(Oxford, 2007).

Brachial Artery is the major blood vessel of the upper arm. (Brueschke, 1993).
Blood Pressure is the pressure blood against the walls of the arteries.
(Brueschke, 1993).

Blood Pressure Meter also called as sphygmomanometer; is a device used to
measure blood pressure, comprising an inflatable cuff to restrict blood flow, and
a mercury or mechanical manometer to measure the pressure. It is always used

in conjunction with a means to determine at what pressure blood flow is just



starting, and at what pressure it is unimpeded. Manual sphygmomanometers are
used in conjunction with a stethoscope. (Brueschke, 1993).

Blood Vessel is any tube in the body through which blood circulates. The most
important vessels in the system are the capillaries, the microscopic vessels which
enable the actual exchange of water and chemicals between the blood and the
tissues, while the conduit vessels, arteries and veins, carry blood away from the
heart and through the capillaries or back towards the heart, respectively.
(Brueschke, 1993).

Capacitor is a passive element designed to store energy in its electric field, the
most common electrical components. It is consisted of two conducting plates
separated by an insulator (or dielectric). (Alexander and Sadiku, 2003).

Deflate means to let out air or gas from an inflatable object with the result that
it shrinks or collapses, or lose air or gas. (Encarta, 2007).

Diastole is the normal period of relaxation of the heart muscles. The diastolic
blood pressure is the point of least pressure in the arteries, because blood is not
being pumped by the heart during this phase. (Brueschke, 1993).

Diode is a semiconductor device with a single pn junction that conducts current
in only one direction. (Floyd, 2002).

Fuse is a protective device that burns open when the current exceeds a rated
limit. (Floyd, 2002).

Hypertension is a condition in which a person’s blood pressure is persistently

above normal. (Brueschke, 1993).
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Hypotension is a condition in which the blood pressure is reduced or below
normal. (Brueschke, 1993).

Inflate means to fill something such as a ball, mattress, tire, or boat with air or
gas to bring it to the proper size, shape, and firmness for use, or to become filled
with air or gas. (Encarta, 2007).

Korotkoff Method is a non-invasive auscultatory technique for determining
both systolic and diastolic blood pressure levels. The method requires a
sphygmomanometer and a stethoscope. Due to ease and accuracy, it is
considered a "gold standard" for blood pressure measurement. (Brueschke,
1993).

Korotkoff Sounds are the sounds that medical personnel listen for when they
are taking blood pressure using non-invasive measurement. (Brueschke, 1993).
LED (Light Emitting Diode) is a type of diode that emits light when there is
forward current. (Floyd, 2002).

Manometer could also be referring to a pressure measuring instrument, usually
limited to measuring pressures near to atmospheric. The term manometer is
often used to refer specifically to liquid column hydrostatic instruments. (Encarta,
2007).

Microcontroller consists of an integrated CPU, memory (a small amount of
RAM, program memory, or both) and peripherals capable of input and output. A
microcontroller (also MCU) is a functional computer system-on-a-chip. (Ashby,

2005).
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Normal Pulse Rate for a healthy adult, while resting, can range from 60 to 100
beats per minute (BPM), although well-conditioned athletes may have a healthy
pulse rate lower than 60 BPM. During sleep, the pulse can drop to as low as 40
BPM; during strenuous exercise, it can rise as high as 150-200 BPM. Generally,
pulse rates are higher in infants and young children. The resting heart rate for an
infant is usually close to an adult's pulse rate during strenuous exercise (average
110 BPM for an infant). (Brueschke, 1993).

Occlusion is an obstruction or a closure of a passageway or vessel. (Brueschke,
1993).

Operational Amplifier which is often called an op-amp is a DC-coupled high-
gain electronic voltage amplifier with differential inputs and, usually, a single
output. (Floyd, 2002).

Pressure is an expression of the force required to stop a fluid from expanding,
and is usually stated in terms of force per unit area. (Encarta, 2007).

Pressure Sensor generates a signal related to the pressure imposed. Typically,
such a signal is electrical, but optical, visual, and auditory signals are not
uncommon. (Encarta, 2007).

PSoC (Programmable System on Chip) is a device, configurable mixed
signal arrays that integrate the microcontroller and related peripheral circuits
typically found in an embedded design. (Ashby, 2005).

Pulse is the rhythmical expansion and contraction of an artery that can be felt

near the surface of the body. It can be palpated in any place that allows for an
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artery to be compressed against a bone, such as at the neck (carotid artery), at
the wrist (radial artery), behind the knee (popliteal artery), on the inside of the
elbow (brachial artery), and near the ankle joint (posterior tibial artery). The
pulse rate can also be measured by measuring the heart beats directly (the
apical pulse). (Brueschke, 1993).

Relay is essentially an electromagnetic device used to open or close a switch
that controls another circuit. (Alexander and Sadiku, 2003).

Resistor is the simplest passive element. It is a device that has the ability to
resist the flow of electric current that is measured in ohms. It is usually made
from metallic alloys and carbon compounds. (Alexander and Sadiku, 2003).
Solenoid Valve is an electromechanical valve used for liquid or gas controlled
by running or stopping an electric current through the solenoid, which is a coil of
wire, thus changing the state of the valve. (Encarta, 2007).

Stethoscope is an instrument for listening to the internal sounds of the body.
(Brueschke, 1993).

Systole is the contraction of the heart muscle that causes the forceful ejection
of blood into the arterial system. (Brueschke, 1993).

Tachycardia occurs when the pulse rate is above 100 BPM. (Brueschke, 1993).
Transistor is a semiconductor device commonly used for amplification or
switching appliances. (Floyd, 2002).

Voltage Regulator is an electrical device that maintains an essentially constant

output voltage for a range of input voltage or load values. (Floyd, 2002).
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Chapter 2

REVIEW OF RELATED LITERATURE AND RELATED STUDIES

The concept of doing the system of the design was brought up through
the ideas of the existing studies and principles from related literatures while
conducting the research.

According to the concepts from the book Blood Pressure Measurements by
Shyam Rithalia, et al. in 2000 stated that indirect measurement is often called as
non-invasive blood pressure measurement. The upper arm, containing the
brachial artery, is the common site for indirect measurement because of its
closeness to the heart and convenience of measurement, although many other
sites may have been used such as forearm or radial artery, finger etc. Distal sites
such as the wrist may give much higher systolic pressure than brachial or central
sites as the result of the phenomena of impedance mismatch or reflective waves
(Saul, 1995). A cuff is normally placed over the upper arm and is inflated to a
pressure greater than the systolic blood pressure. The cuff is then gradually
deflated, while a detector system simultaneously employed determines the point
at which the blood flow restored to the limb.

The author explained non-invasive blood pressure measurement as well
the comparison of upper arm and wrist in getting blood pressure. These
concepts were used and gave the group an idea of implementing the design

using the upper arm as the source of indirect blood pressure measurement.
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There are two common methods of indirect blood pressure measurement
that we have learned based from the Blood Pressure Measurements book. These
methods were analyzed and studied by the group to determine the method that
is applicable to our design.

Auscultatory method uses sphygmomanometer, a cuff and a stethoscope.
The stethoscope is placed over the blood vessel for auscultation of the Korotkoff
sounds, which defines the systolic pressure and diastolic pressure. The Korotkoff
sounds are mainly generated by the pulse wave propagating through the brachial
artery. The Korotkoff sounds consist of five phases. The onset Phase I Korotkoff
sounds (first appearance of clear, repetitive tapping sounds) signifies systolic
pressure and the onset of Phase V Korotkoff sounds (sounds disappear

completely) often defines diastolic pressure.
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Figure 2.1 Indirect Blood Pressure Measurements
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The Figure 2.1 illustrates the methods for indirect blood pressure
measurements. It shows how the pressure wave or sound wave moves during
the process of detecting the blood pressure. The information illustrated was used
in the study to understand the behavior of the signal from the pressure in the
arm cuff during the deflation period at a given pressure.

In recent years, electronic pressure and pulse monitors based on
oscillometry have become popular for their simplicity of use and reliability. The
measurement principle of the Oscillometric Method is a measurement of the
amplitude of the pressure change in the cuff as it is inflated from above the
systolic pressure. The amplitude suddenly grows larger as the pulse breaks to
the occlusion. This is very close to systolic pressure. As the cuff pressure is
further reduced, the pulsation increase in amplitude reaches a maximum and
then diminishes rapidly. The index of the diastolic pressure is taken where this
rapid transition begins. Therefore, the systolic blood pressure and diastolic blood
pressure is obtained by identifying the region where there is a rapid increase
then decrease in the amplitude of the pulses respectively. An approach using this
technique could start with a cuff placed around the upper arm and rapidly
inflated to about 30 mmHg above the systolic blood pressure, occluding blood
flow to the brachial artery (Rithalia et al., 2000).

It is important to know on how blood pressure is measured using those
two techniques. The oscillometric method is the technique which was used to the

design because of its simplicity to use. There is no need for a small improvised
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stethoscope to determine which Korotkoff sound is the systolic and diastolic but
instead a pressure sensor will be used in the arm cuff of the design to determine
the amplitude of the pressure during deflation. This information helped the group
to understand the principles in getting the blood pressure measurements
automatically.

A study entitled “Development of Automatic Blood Pressure Meter at
Home” by Nan H. Kim, et al. published in Annual International Conference of the
IEEE Engineering in Medicine and Biology Society (1990), it is stated that most
clinical measurements of arterial blood pressure are made by
sphygmomanometer. Automated blood pressure meter has been developed as a
substitute for the manual sphygmomanometer. The design in this study is named
SE-1000 which has been manufactured by Sein Electronic Co. in Korea.

Using oscillometric method and a microcomputer MN175451 the digital
blood pressure meter was developed to measure blood pressure automatically
and the composition of this equipment is divided into three parts such as
hardware, software and specifications how the blood pressure meter is
developed.

Using this article, it helped the group to bring out an idea on how the

design will be developed as shown in Figure 2.2 on page 18.
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Figure 2.2 Hardware Block Diagram of SE-1000

The figure above gave the idea about the components that are going to
use for the design. It shows the different components used in SE-1000 such as
micro computer, LCD display, battery, speaker, power supply, motor, solenoid
valve, timer, pressure/frequency converter and cuff. It shows the interaction
between the components and the micro computer that was used. Some of the
components here were applied in the hardware construction of the design.

The software part in the article explains the controls on the hardware and
processes the input signal. These are the functions of the software of SE-1000
written in the article such as auto zeroing, auto power off, removal of artifacts,
display of the blood pressure and pulse rate readings. These functions that were
stated in the article are used to conceptualize the process and form the

programming part of the design.
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The article also gave us the concept of improving the functions of this
study, and helped us to plan on how to record the measurements displayed from
the design. The function of SE-1000 is only to display the readings.

In the article “Oscillometric Blood Pressure Monitor Identification”
published in the journal 30" Annual International IEEE EMBS Conference by
Eduardo C. Pinheiro in year 2008, demonstrated a study and experiment that he
conducted. The experiments were conducted using a wrist-OBPM air pump KOGE
KPM14A, a KOGE KSVO5A solenoid valve, the MEASUREMENT SPECIALITIES
1451 pressure sensor and a NATIONAL INSTRUMENTS USB-6008 Multifunction
I/0 board with a defined sampling and writing rate of 50 Samples/second.

The OBPM identification tests were developed connecting the air flow
circuit output to a wrist inflatable cuff, and repeated in a constant volume
reservoir, to perceive the differences in the system behavior induced by the
reservoir inflation.

This information helped the researchers to know the type of motor and
valve that will be used in the design prototype. The idea of using KOGE as brand
of motor and solenoid valve was also adapted to our design to guarantee the
function of the inflation and deflation process. The motor to be used is important
in producing an air during the inflation process. Every motor has its own
specifications and pressure range. The solenoid valve is also needed to consider

in the design.
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Another related study that was used in the design is the article entitled
“Integrating Analog and Digital Signal Conditioning in a Programmable System on
Chip” published by Dennis Seguine from IEEE journal in 2000, it is stated that
sensors are analog and modern communication methods are digital.
Programmable System on Chip (PSoC) mixed signal microcontrollers offer
interconnect and signal processing techniques for the design of very low cost
smart sensors. Interface requirements of the sensors drive the analog design of
the PSoC microcontroller application in multiplexer, amplifier, filter, and digitizing
methodologies to support creation of the basic blocks which can be configured to
meet system needs.

The group is going to use a pressure sensor that will be interfaced in a
CY8C29466 microcontroller. An example in the article uses a CY8C25xxx type of
PSoC microcontroller. The microcontroller architecture has analog module and
digital module. The analog functions are organized as groups of general purpose
analog blocks that can be configured into a user determined functions. The
controls of these blocks are register based and may be programmed or
reprogrammed by the user at run time. The analog array has twelve
programmable blocks that are connected to direct port inputs, input multiplexers,
column clock resources and output buffers.

The digital module blocks include preprogrammed functions for basic

timer, counter and pulse width modulator. Flexible interconnect to analog and
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digital blocks, General Purpose Input/Output (GPIO) and run-time
programmability makes the blocks an essential part of the analog acquisition.

These concepts about the analog and digital module of the PSoC
microcontrollers helped the group to understand how the analog to digital
conversion takes place after the pressure has been detected by the sensor.
Specialized features in the CPU of the PSoC include a decimator for conversion of
delta sigma Analog-Digital Converter outputs to parallel data. The idea on
interfacing the sensor of the design to a PSoC microcontroller was also learned
from the article.

In our design, the use of PSoC microcontroller offers a unique set of
flexible resources to accomplish sensor interface and system control. The ability
to reprogram analog and digital hardware functionality allows the design to be

implemented in a microcontroller.
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Chapter 3
DESIGN METHODOLOGY AND PROCEDURES

Design Methodology

The design methodology used is developmental research. It is a process
of finding or developing a better design that has been available. Using this type
of research is important in improving this field of technology. The group research
focused on the different studies from the past up to the present in relation to the
design project. To further understand the design concepts, additional information
and concepts needed were gathered from books, journals and internet. The data
gathered provides a solution to the process of the system. This method helps the
design obtain balance objectives and expectations from the actual results of the
produced design prototype.
Design Procedure

Figure 3.1 on page 23 shows the process on how the research study is
done. The first step is to identify the problem of the study; the group has
gathered information about the problems that were encountered using the
existing digital blood pressure meter available in the market. After gathering
information, we researched on different related literature and studies through
books, journals and internet to support our design. Using all the articles that we
selected, the group discussed all the concepts that we are going to apply in our
design. We determined the features and functions it will cover. The circuit

diagram was then created, and we gathered all the appropriate components that
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we are going to use considering its usability and functionality in the design. Since
we already have all the tools and components for our design, the development of

the PSoC based blood pressure monitor was started.

( Start )

v

Identify the problem with
the existing digital blood
pressure in the market

y

Gather all related literature
and studies

A

Are data

sufficient
9

Determine the features and
functions of the design

A 4

Design the circuit and gather
the materials needed

A 4

Develop the design

A 4

Test the design

End

Figure 3.1 Design Procedure Flowchart
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Design Procedure for Actual Design

The design started after gathering all the components and information

needed for the development.

1.

9.

Here are the steps that we followed in creating the design:
Develop the PCB layout of the blood pressure monitor using the PCB Wizard
software. Print the PCB layout on acetate.
Cut the printed circuit board acetate.
Place the acetate with PCB layout on top of the printed circuit board. Expose
it to UV light.
Dissolve developer into the right amount of water. Place the printed circuit
board into the solution and wait for a few minutes until the solution reacts
with the PCB.
Etch the layout on the printed circuit board.
When the layout is visible, wash the PCB with water. Place the etched circuit
board on a ferric chloride to dissolve unwanted copper.
Test all the connections of the circuit board using VOM, and check for
continuity. Drill holes for all the proper layout of the components.
Mount all the components needed for the design except for the
microcontroller.

Solder all the components properly.

10. Make a program for the design using PSoC Express 3.0 or PSoC Programmer

using C language and Assembly language.
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11. Simulate program in the PSoC Express if all the functions are working and if
there are no errors.

12. Transfer the program on the PSoC microcontroller using a compatible PSoC
Burner device.

13. Mount the microcontroller on the corresponding IC socket on the circuit
board.

14. Place and screw the circuit board inside the casing.

15. Measure the dimensions of the LCD module. Mark the outline on the center
of the cover of the plastic case. Cut the edges on the marked outline, and
position the LCD module, and screw it on.

16.Mark outlines for the push buttons, and AC adaptor slot. Cut holes on the
outlines that fit the components.

17.Place the motor, solenoid valve, relay and batteries inside the case properly.
Make sure to attach each of them by using adhesive.

18.Connect all the ports from the circuit board to the LCD module.

19.Create a hole on the box and attach the arm cuff. Glue it properly so that
there is no opening for the air to leak.

20.Test if the design is working according to its functions. Troubleshoot if
necessary.

Hardware Design

Figure 3.2 on page 27 is an illustration of the block diagram of the

hardware design. Initially, the user will press the push button to start the
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operation. The prototype is using CY8C29466 PSoC microcontroller which
triggers the air pump motor to inflate the arm cuff. After the inflation period, the
microcontroller activates the solenoid valve to deflate the arm cuff gradually.
During deflation period, the pressure sensor detects all the pressure change
produced by the pulse beat of the user. The pressure sensor outputs a signal
that travels to the op-amp and will be amplified so that it will not lose the
efficiency of the data. This amplified signal will go to the ADC Module of PSoC
microcontroller to convert the signal from analog to digital. The CY8C29466
handles the process of determining the blood pressure and pulse rate as it is
being stored temporarily to the memory of the microcontroller. After that, the
microcontroller will send a signal to the LCD driver to open the segments of the
I/O ports of the LCD. The results of the readings will be displayed and then

stored to the memory of the microcontroller.
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Figure 3.2 Block Diagram of Hardware Design
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List of Materials

Description Quantity | Price per unit Total

28 pin CY8C29466-24PXI 1pc Php 360.00 Php 360.00
28 pin IC Socket 1pc Php 8.00 Php 8.00
6V KMP27C Motor pump 1pc Php 180.00 Php 180.00
6V KSV05B Solenoid valve 1pc Php 87.00 Php 87.00
MPS 2000 dip pressure sensor 1pc Php 600.00 Php 600.00
LM324 1pc Php 9.00 Php 9.00
12V SPST Relay 1pc Php 35.00 Php 35.00
12V/1A DC Fuse 1pc Php 12.00 Php 12.00
L7806CV Regulator 1pc Php 12.50 Php 12.50
LCD Module 1pc Php 1,500.00 Php 1,500.00
625-ohm 1/4 watt Resistor 1pc Php 0.50 Php 0.50
125-ohm 1/4 watt Resistor 1pc Php 0.50 Php 0.50
5k-ohm 1/4 watt Resistor 4pcs Php 0.50 Php 2.00
1k-ohm 1/4 watt Resistor 4pcs Php 0.50 Php 2.00
160k-ohm 1/4 watt Resistor 2pcs Php 0.50 Php 1.00
100k-ohm 1/4 watt Resistor 2pcs Php 0.50 Php 1.00
1.6M-ohm 1/4 watt Resistor 1pc Php 0.50 Php 0.50
0.01mF Capacitor 2pcs Php 2.00 Php 4.00
2N3702 pnp Transistor 2pcs Php 5.00 Php 10.00
LED Indicator 1pc Php 0.50 Php 0.50
1N4001 Diode 1pc Php 1.00 Php 1.00
Printed Circuit Board 2pcs Php 50.00 Php 100.00
Push button 4pcs Php 16.25 Php 65.00
Plastic casing 1pc Php 140.00 Php 140.00
Wires 3m Php 1.50 Php 4.50
AC Adaptor 1pc Php 150.00 Php 150.00
Rechargeable AA Battery 5pcs Php 40.00 Php 200.00
Arm cuff 1pc Php 175.00 Php 175.00

Total Price

Php 3,661.00

Table 3.1 List of Materials and Cost
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Hardware Component

The blood pressure monitor that was designed consists of different
components such as push button, rechargeable battery, pressure sensor,
operational amplifier, air pump motor, solenoid valve, LCD module, resistor,
transistor, relay, voltage regulator and 28 pin PSoC microcontroller.

The push buttons serve as input for the design. It is used for switching on
and off the power, setting the mode, searching for recorded data and changing
the date and time. The rechargeable batteries are the source of power of the
prototype to make it work. Once the prototype is on and is set to start the
operation, the air pump motor produces air to inflate the arm cuff. The solenoid
valve role is to release the pressure from the arm cuff if it is triggered by the
microcontroller. The pressure sensor is a component which generates a signal
from the pressure change detected in the arm cuff. That signal will be amplified
as it passes through the op amp then it goes to the microcontroller and will be
converted from analog to digital signal. The LCD module utilizes a built-in LCD
driver which is used to activate the segments of the LCD display. Resistors are
used to limit the flow of the electric current in the entire circuit. A relay is used
as a switch in transferring an electric power while charging the device.
Transistors are used as a switch also to drive the positive signal to run the air
pump motor and the solenoid valve. The voltage regulator is used to regulate the

voltage supply for the PSoC and to the components of the entire circuit. The
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PSoC is the IC that was programmed to call and do the functions of the
components of the entire circuit.

Circuit Design
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Figure 3.3 Schematic Diagram of the Design

This figure shows the whole circuitry of the design including the
microcontroller’s connection to the LCD module. There are four push buttons in
the design: Up and Down which can be used to navigate through the stored
readings in the memory and help in setting the time and date; Mode or Set
which is used to invoke the set time and date function and also to start viewing
of the stored readings; Power or Start or Stop which will power on the device,
and start or stop the inflation of the cuff. When the adaptor is plugged or
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connected on the power outlet, the circuit will automatically get the regulated
current from the adaptor while charging the battery. If not plugged, the circuit
will get electric current from its rechargeable battery. See Figure 6.1 for the
enhanced version of the circuit diagram.
Hardware Implementation

In the implementation of the circuit design, a 6V voltage regulator is used
to control the voltage coming from either the DC voltage from the adaptor (while
the device is charging), or from the battery (while operating on battery power).
The output of 6V is used to power other components such as the solenoid valve,
the air pump motor, the pressure sensor, the operational amplifier, and the LCD
module. A voltage divider circuit, composed of a 125 ohm and a 625 ohm
resistor, is used to obtain a 5V input for powering the PSoC. The computation of
the voltage is shown below.

The typical PSoC input current is 8mA, at input voltage of 5V:

A

Ry =
EmA
Ry — 6255
1|i"'r«:nut R2

Vin B Ri + R

Ry — (Ry) [ =
e 2 1|i"rcnut_

Ry = 12502

Where Vi, is the input voltage coming from the 6V voltage regulator, and

Vout is the voltage used for powering the PSoC.
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Software Design

The program was created using the free software of the Cypress
Company for the beginners. PSoC Express 3.0 is the software that we have used
in developing the program. The software is designed for the PSoC
microcontroller to handle the process of getting blood pressure up to the
function of displaying the reading. The software was created by selecting all the
components needed for the design in the PSoC Express 3.0; and was developed
using C Language. Assembly Language is also used in doing the software, a low-
level language that implements numeric machine code since port addressing is
very important to make all the components working.
Software Component

PSoC Express is the development tool that we used to develop a
microcontroller-based design. Due to its features, we are able to create, simulate
and program the software for our design. Assembly language and C Language
are the languages that we used.
System Flowchart

The system flowchart of the design project is illustrated in Figure 3.4 on
page 34. It shows how the operation of the system works under different
conditions.

To start the system, press and hold the power button to switch on the

device. There are two operations that a user can choose from: to get blood
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pressure reading or to recall previous reading. An option to configure the date
and time can be done before starting the operation.

If the user chooses an operation to get blood pressure reading, wrap the
arm cuff at the upper arm and press start button; inflation of the arm cuff will
follow. Anytime during this process, the user may stop the inflation by pressing
the stop button. Upon reaching the required pressure, it will start to deflate
gradually. The systolic and diastolic pressures, as well as the pulse rate, are
detected and calculated until the arm cuff deflates completely. Readings will be
displayed and then will be stored in the memory of the microcontroller.

If the user chooses an operation to recall previous reading, press the
mode button and select which memory module. Previous readings can be viewed
using the up and down buttons.

The system will still continue working every after operation unless the
user chose to turn off the device by pressing and holding the start button. The

device automatically switches off when left idle for a few minutes.
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Figure 3.4 System Flowchart of the Design Prototype
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Prototype Development

Figure 3.5 Actual Photo of the Prototype

Figure 3.5 show the actual picture of the PSoC based Blood Pressure
Monitor. It shows here how each component is properly placed inside the case.
The arm cuff is connected outside of the case and cannot be detached. The
components of the design were tested and chosen according to its function.
After doing all research and study, the ideas came in and were applied through
developing the correct circuit and program for the design. Testing and
troubleshooting were conducted to make this design working correctly. The

reliability and accuracy are the main features that we considered accordingly.
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CHAPTER 4

TESTING, PRESENTATION AND INTERPRETATION OF DATA

Majority of the concepts behind the design are generally based on many
of the existing types of blood pressure monitoring devices that are currently
available in the market. Therefore, it is necessary to test whether the device
would yield similar results as compared to the existing ones. We are to test the
design prototype for its accuracy, reliability, and efficiency. This chapter covers
all the tests done and the discussions of the results, as well as the significance
to the study.

Testing of Accuracy

It is very important to determine how accurate the design prototype is
when obtaining results. This test is conducted to prove that the accuracy of the
design is as consistent as any other blood pressure measuring device available in
the market. As for this test, the blood pressure monitor that the prototype will
be compared to is the Full Automatic Kodea® Blood Pressure Monitor, which
also utilizes arm cuff automated inflation and pressure sensor to obtain pulse
readings.

Before the test is conducted, there were several pointers to obtain
accurate results. When measuring blood pressure, an accurate reading requires
that one should not drink coffee, smoke cigarettes, or engage in strenuous
exercise for 30 minutes before taking the reading. A full bladder may have a

small effect on blood pressure readings, so if the urge to urinate exists, one
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should do so before the reading. For 5 minutes before the reading, one should

sit upright in a chair with one's feet flat on the floor and with limbs uncrossed.

The blood pressure cuff should always be against bare skin, as readings taken

over a shirt sleeve are less accurate. During the reading, the arm that is used

should be relaxed and kept at heart level, for example by resting it on a table

(National Heart, Lung and Blood Institute. 7ips for having your blood pressure

taken.). The following procedures are done for testing the accuracy of the

prototype device:

1.

2.

Choose four random persons to be the test subjects.

Gather information about each test subject through a simple interview.
Make necessary preparations before obtaining the readings. Refer to
Appendix H: User’s Manual for step-by-step procedures.

After each reading, rest the test subject for five minutes before
performing another reading.

After obtaining ten readings, follow the same procedures to get results
using the Kodea® BPM.

Follow the same procedures for all test subjects.

Compute for the average of the systolic, diastolic, and pulse rate readings
for both devices respectively.

Compute for the percentage difference and analyze the results.

There are certain assumptions that should first be considered when

conducting the test. The readings are determined to be correct, or at least
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reliable, based on the classification of blood pressure. The following table
indicates how the readings are being classified according to WHO (World Health

Organization).

Category Systolic, mmHg Diastolic, mmHg
Optimal less than 120 or less than 80
Normal less than 130 or less than 85
High Normal 130 - 139 85 -89

Stage 1 140 — 159 90 - 99
Hypertension

Stage 2 160 - 179 100 - 109
Hypertension

Stage 3

: greater than or equal to 180 | greater than or equal to 110

Hypertension

Table 4.1 Classification of Blood Pressure Reading for Adults

There are many physical factors that influence arterial pressure. Each of
these may in turn be influenced by physiological factors, such as diet, exercise,
disease, drugs or alcohol, obesity, excess weight and so-forth. Therefore, to tell
whether the readings are acceptable, we determined physical information on the
test subjects, as well as their medical background. This is to distinguish if the
readings are still in accordance with these physical factors.

There are four different persons to undertake the tests. Two of which has
been determined to have medical illness which is critical in the analysis of the
results. The following tables show the systolic and diastolic readings of the test
subjects, as well as the pulse rate readings. For comparison, the readings from
the prototype and from the Kodea® BPM are made adjacent in each table. A

total of ten readings shall be taken from each test subjects. Since the blood

38




pressure readings vary from time to time, we shall take the average of the ten
readings to determine the most accurate value of the reading.
The first test subject is a 53 year-old female, weighing 100 pounds,

standing at 4-feet-3-inches, with no known medical disorder.

Test Subject A
Prototype Kodea® BPM
Systolic Diastolic Pulse Systolic Diastolic Pulse
(mmHg) | (mmHg) Rate (mmHg) | (mmHg) Rate
111 73 61 112 70 62
104 61 60 114 71 62
108 67 59 110 70 61
112 70 64 115 72 63
117 77 62 111 69 61
116 70 60 115 74 63
112 65 58 109 67 60
118 77 69 112 70 62
115 71 65 113 71 62
108 70 58 112 70 62

Table 4.2 Test Results of Test Subject A
The second test subject is a 25 year-old female, weighing 105 pounds,

standing at 5-feet, also without any known medical disorder.

Test Subject B

Prototype Kodea® BPM
Systolic Diastolic Pulse Systolic Diastolic Pulse
(mmHg) | (mmHg) Rate (mmHg) | (mmHg) Rate
103 69 81 107 67 85
100 66 88 101 63 87
103 70 84 113 72 84
109 69 85 107 67 83
107 66 84 108 67 88
103 72 81 104 64 85
113 66 80 111 71 86
114 74 89 107 67 85
105 66 86 105 68 84
109 68 84 107 67 85

Table 4.3 Test Results of Test Subject B
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As observed, the test results for both test subjects A and B have been
identified to be in the optimal category, which shows no hint of hypertension
conditions. That is, the systolic and diastolic readings are all below 120 and 80
respectively for both test subjects. This supports the fact that both test subjects
are in healthy condition.

Moreover, all readings obtained from both blood pressure monitors
indicate only a very minor differential compared to the readings from each other.
When averaged, the prototype test results yield 112.1 over 70.1 with average
pulse rate of 61.6, while the branded BPM test results yield 112.3 over 70.4 with
average pulse rate of 61.8 for the test subject A. The prototype test results yield
106.6 over 68.6 with average pulse rate of 84.2, while the branded BPM test
results yield 107.0 over 67.3 with average pulse rate of 85.2 for the test subject
B. There is only a differential of less than 1.0 mmHg obtained for the averaged
value of blood pressure readings.

The next test subject is a 24 year-old male, weighing 144 pounds,
standing at 5-feet-4-inches, and is known to have developed an asthmatic

condition.
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Test Subject C

Prototype Kodea® BPM
Systolic Diastolic Pulse Systolic Diastolic Pulse
(mmHg) | (mmHg) Rate (mmHg) | (mmHg) Rate
134 81 68 126 86 64
131 81 65 128 79 62
127 73 61 135 77 61
123 73 65 128 77 68
125 79 68 127 83 67
137 88 67 128 85 72
129 87 66 127 85 73
128 75 71 136 84 71
131 85 66 136 84 72
130 77 69 128 85 72

Table 4.4 Test Results of Test Subject C

The test results for test subject C yielded a more distinct range of values
and are observed to be above the normal readings. The test subject has been
identified to be at the High Normal category, in which the readings are
considered to be at pre-hypertension level. The readings may have been
influenced by the condition of the test subject of having asthma.

Similarly from the results of the previous test subjects, the readings from
both blood pressure monitor indicate a very minimal differential. When
averaged, the prototype test results yield 129.5 over 79.9 with average pulse
rate of 66.6, while the branded BPM test results yield 129.9 over 82.5 with
average pulse rate of 68.2 for the test subject. There is a differential of 2.6
mmHg obtained for the averaged value of the blood pressure readings.

The last test subject is a 62 year-old male, weighing 140 pounds,

standing at 5-feet-4-inches, and is known to have diabetes.
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Test Subject D

Prototype Kodea® BPM
Systolic Diastolic Pulse Systolic Diastolic Pulse
(mmHg) | (mmHg) Rate (mmHg) | (mmHg) Rate
140 92 85 138 82 78
136 88 84 140 84 80
136 86 84 140 85 81
144 90 84 139 87 81
145 92 88 140 90 80
140 92 84 142 90 86
134 86 80 139 88 83
138 89 79 141 90 84
143 90 85 140 88 85
138 86 82 141 89 85

Table 4.5 Test Results of Test Subject D

The test results for test subject D yielded the highest range of values and
are observed also to be above normal readings. The test subject has been
identified to be between the High Normal category and the Stage 1
Hypertension category. The readings may have been influenced by the condition
of the test subject of having diabetes.

The readings for the test subject from both blood pressure monitor also
indicate a very minimal differential. The prototype test results yield an average
of 139.4 over 89.1 with average pulse rate of 83.5, while the branded BPM test
results yield an average of 140.0 over 87.3 with average pulse rate of 82.3 for
the test subject. There is a differential of 1.8 mmHg obtained for the averaged
value of the blood pressure readings.

Having obtained these data, we can determine the accuracy of the
prototype as compared to the branded BPM. Table 4.6 shows the tabulated

values of the averaged readings for the four test subjects.
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Test Prototype Kodea® BPM
Subject Systolic | Diastolic Pulse Systolic | Diastolic Pulse
(mmHg) | (mmHg) Rate (mmHg) | (mmHg) Rate
A 112.1 70.1 61.6 112.3 70.4 61.8
B 106.6 68.6 84.2 107 67.3 85.2
C 129.5 79.9 66.6 129.9 82.5 68.2
D 139.4 89.1 83.5 140 87.3 82.3
Table 4.6 Computed Average of Test Results

The following are the formulas used to obtain the average values:

. Y systolic values
systolicayerage =

number of tests

. . 3" diastolic values
diastolicayerage =

num ber of tests

> pulse rate values
pulse rate,yerage =

numbrer of tests

The formula below is used to obtain the percentage difference

5 o
Percent Diff = (1 x?|,] X
[}{1 =+ }{2)]

100

where x; and x; indicates the value obtained from the Kodea® BPM and the

value obtained from the prototype correspondingly.

Here is a sample computation of the percentage difference using the

average systolic readings for test subject A.

2((|112.3 Hg — 1121 Hgl)
Percent Diff — 211123 mmHg mmtg])
(1123 mmHg + 112.1 mmHg)

Percent Diff = 0.18 9%
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. Percentage Difference (%)
ezl Systolic Diastolic Pulse Rate
A 0.18 0.43 0.32
B 0.37 1.91 1.18
C 0.31 3.20 2.37
D 0.43 2.04 1.45

Table 4.7 Computed Percentage Errors for Accuracy

The largest percentage difference computed based on the table is at
3.20%, the percentage difference obtained for the diastolic pressure of test
subject C. This basically means that the PSoC-based Blood Pressure Monitor
prototype operates at 96.80% accuracy compared to the Kodea® BPM.

Since the Kodea® BPM operates at a percentage difference of 3% or a
+5 mmHg differential of blood pressure readings, we may conclude that the
prototype is as accurate as the market-based BPM based on its specifications.
Testing of Reliability

The design prototype may be operated either while on battery supply, or
while the device is being charged. It is necessary to determine whether the
device, while being charged, behaves and functions similarly when operating on
battery supply. This is to prove that the direct connection to the power outlet of
220V does not affect the operation of the system.

Similar assumptions from the previous test conducted are to be followed.
The following procedures are done for testing the reliability of the prototype
device:

1. Choose ten random persons to be the test subjects.

44



2. Make necessary preparations before obtaining the readings. Refer to
Appendix H: User’s Manual for step-by-step procedures. Make sure that
the battery of the device is charged before operating.

3. After the first reading, rest the test subject for five minutes before
obtaining the second reading.

4. Record the average of the two readings.

5. Follow the same procedures for all the test subjects.

6. Do the same procedures, this time connect the adaptor to the device and
the power outlet. This allows the device to operate while being charged.

7. Compute for the percentage difference and analyze the results.

By following these procedures, we have come up with these results:

Test Res:;t;:ﬂ::; 23:;?;"19 Results While Charging
Subject Systolic, Diastolic, Systolic, Diastolic,
mmHg mmHg mmHg mmHg

1 97 63 95 65

2 124 88 127 85

3 121 92 118 95

4 132 92 130 90

5 127 89 130 93

6 112 70 120 70

7 118 84 110 81

8 123 87 118 90

9 127 94 125 92

10 130 80 132 79

Table 4.8 Test Results for Reliability Testing
Having obtained these data, we can determine the reliability of the
prototype while being charged compared to when the device is being operated

on battery supply. The reliability of the design prototype is measured according
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to the percentage difference of the readings. The formula below is used to
obtain the percentage difference:

2 [ |X1 — K2|:]

Percent Diff = % 100

(x1 + x2)
where the x; and x; is assumed to be the values obtained from the results while
the prototype operates on battery supply and the values obtained from the
results while prototype is being charged respectively.
Here is a sample computation of the percentage difference using the
systolic values of the first test subject.

2 (|97 mmHg — 95 mmHg|)

Percent Diff = ‘
(97 mmHg + 95 mmHg)

= 100

Percent Diff = 2.08 9%

Test Subject Percentage Difference (%)
Systolic Diastolic
1 2.08 3.13
2 2.39 3.47
3 2.51 3.21
4 1.53 2.20
5 2.33 4.40
6 6.90 0.00
7 7.02 3.64
8 4.15 3.39
9 1.59 2.15
10 1.53 1.26

Table 4.9 Computed Percentage Differences for Reliability

The largest percentage difference computed based on the table is at
7.02%, the percentage difference obtained for the systolic pressure of sixth test
subject. This basically means that the PSoC-based Blood Pressure Monitor
prototype operates at 92.98% accuracy while being charged compared to when

the prototype operates on battery supply.
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Chapter 5
CONCLUSION AND RECOMMENDATION
Conclusion

A Programmable System on Chip based Blood Pressure Monitor was
created. The design prototype was tested for its accuracy, reliability, and
efficiency. The design prototype has been determined to operate at an accurate
percentage as compared to a similar blood pressure monitor available in the
market.

The design prototype is capable of accurately reading systolic reading,
diastolic reading and pulse rate reading. The prototype is successfully designed
to be able to store the readings into four different memory modules that contain
the date and time it was taken. This functionality was incorporated into the
design for the user to have future reference of the previous readings.

The design prototype is also capable of operating using either a battery
supply or a direct power supply as its main power source. The design
implements the concept of a rechargeability function, through the use of
rechargeable batteries. The battery supply can be recharged when a direct
power supply is used by the circuit. The hardware implementation utilizes a relay
to toggle operation while recharging the battery supply.

Recommendation
There could be further improvements or studies on this design. One way

to innovate this is by creating a sugar level monitor aside from its main function,
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which is getting the blood pressure of a person. A detachable arm cuff can also
be implemented in this design so that it will not be limited to a specific arm
circumference range. Lastly, it is also recommended to study the process on

how a user creates a personal profile for storing their own readings properly.
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Circuit / Schematic Diagram
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Figure 6.2 PCB Layout with components of the design

Figure 6.3 PCB Layout of the design
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APPENDIX B



#include
#include

#include
#include
#include
#include

#include
#include
#include

<m8c.h>
"PSoCAPI.h"

"driverdecl.h"
"CMXSystem.h"
"CMXSystemExtern.h"
"TransferFunction.h"

"cmx.h"
"ProjectProperties.h"
"Custom.h"

// Channel includes
// ADC_00 Include
#include "CMX_ADC_CHAN.h"

void main ()
{
// Initialize Project
M8C EnableGInt;
I2C CFG &= OxFC;
it's not used.
SystemTimer Start();
SystemTimer SetlInterval (SystemTimer 64 HZ);
SystemTimer EnablelInt();

// Turn on
// Disable

// Initialize Channels

// ADC_00 Initialization

ADCBUF Start(3); // Power up ADC Buffer PGA
ADC Start(3); // Power up ADC
AdcScanReset (); // Initialize ADC scanner
ADC_GetSamples(0); // Turn on GetSamples

// Initialize Variables

SystemVars.ReadOnlyVars.pse Minus = 0;
SystemVars.ReadOnlyVars.pse Mode = 0;
SystemVars.ReadOnlyVars.pse Plus = 0;
SystemVars.ReadOnlyVars.pse Switch on = 0;
SystemVars.ReadOnlyVars.pse air = 0;
SystemVars.ReadOnlyVars.pse air switch = 0;
SystemVars.ReadOnlyVars.pse motor = 0;
SystemVars.ReadOnlyVars.pse neg = 0;
SystemVars.ReadOnlyVars.pse pos = 0;
SystemVars.ReadOnlyVars.pse power = 0;
SystemVars.ReadOnlyVars.pse pump = 0;
SystemVars.ReadOnlyVars.pse set = 0;

// Driver instantiations
CMX DIO Instantiate (&pse neq);
CMX DIO Instantiate (&pse motor);
CMX DIO Instantiate (&pse_air);

// part specific constants and macros
// PSoC API definitions for all User Modules

interrupts
I2C in case
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CMX GSWITCH Instantiate (&pse Switch on);
CMX DIO Instantiate (&pse power) ;

CMX GSWITCH Instantiate (&pse Mode);

CMX DIO Instantiate (&pse_set);

CMX GSWITCH Instantiate (&pse Plus);

CMX DIO Instantiate (&pse_pos);

CMX GSWITCH Instantiate (&pse Minus);

CMX mVolts Instantiate (&pse pump) ;

CMX mVolts Instantiate (&pse air switch);

// Custom initization code.
CustomInit () ;
// End Initialize Project

while (1)
{
// Sync loop sample rate
#if ( SAMPLE DIVIDER )
SystemTimer SyncWait (SAMPLE DIVIDER, SystemTimer WAIT RELOAD) ;
#endif
// update input variables
SystemVars.ReadOnlyVars.pse Minus =
CMX GSWITCH GetValue (&pse Minus);
SystemVars.ReadOnlyVars.pse Mode
CMX GSWITCH GetValue (&pse Mode) ;
SystemVars.ReadOnlyVars.pse Plus =
CMX GSWITCH GetValue (&pse Plus);
SystemVars.ReadOnlyVars.pse Switch on =
CMX GSWITCH GetValue (&pse Switch on);
SystemVars.ReadOnlyVars.pse air switch =
CMX mVolts GetValue (&pse_air switch);
SystemVars.ReadOnlyVars.pse pump =
CMX mVolts GetValue (&pse pump) ;

// Custom Post Input function
CustomPostInputUpdate () ;

// run transfer function and update output variables
TransferFunction () ;

// CustomPreOutputUpdate () ;
CustomPreOutputUpdate () ;

// set outputs
CMX DIO_SetValue (&pse air,
(BYTE) SystemVars.ReadOnlyVars.pse air);
CMX DIO_SetValue (&pse motor,
(BYTE) SystemVars.ReadOnlyVars.pse motor);
CMX DIO_SetValue (&pse neg,
(BYTE) SystemVars.ReadOnlyVars.pse neg);
CMX DIO_SetValue (&pse pos,
(BYTE) SystemVars.ReadOnlyVars.pse pos);
CMX DIO_SetValue (&pse power,
(BYTE) SystemVars.ReadOnlyVars.pse power);
CMX DIO_SetValue (&pse_set,
(BYTE) SystemVars.ReadOnlyVars.pse set);



}
}

//*********************************************************************
*kkk kK kkk
//*********************************************************************
*kkkkKkkKkKk

// FILENAME: calibration.c

// @VersionQ@

// ~@PSOC_VERSION®

//

// DESCRIPTION: This files contains the calibration constansts for
the

// ADC. Currently these values are default values that
// are not calibrated.

//
-
// Copyright (c) Cypress MicroSystems 2004. All Rights Reserved.

//*********************************************************************
*kkkKkKkkKkKk
//*********************************************************************
*kkkkKkkKkKk

#pragma abs address:0x7FCO
const int CountsPerVolt = 25206; // ADC gain for 0 to 2.6 volt range.
const int ADC Offset = 0; // ADC offset in counts

// This array of offsets allows for custom calibration

// of each input that uses the mVolts channel. The offset
// will be in the drivers native units. For the mVolts
// driver it will be in mVolts. For a temperature driver
// it will be in tenths of degrees, etc.

const int imVolts Chan Offset([8] = {0,0,0,0,0,0,0,0};
#pragma end abs address

; Generated by PSoC Designer 2?27

;@Id: boot.tpl#101 @

; FILENAME: boot.asm
;  VERSION: 4.15
;  DATE: 2 August 2004

; DESCRIPTION:
;  M8C Boot Code for CY8C29xxx microcontroller family.

;  Copyright (C) Cypress MicroSystems 2000-2004. All rights reserved.

; NOTES:

; PSoC Designer's Device Editor uses a template file, BOOT.TPL, located
in

; the project's root directory to create BOOT.ASM. Any changes made to
; BOOT.ASM will be overwritten every time the project is generated;
therfore

; changes should be made to BOOT.TPL not BOOT.ASM. Care must be taken
when
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; modifying BOOT.TPL so that replacement strings (such as
@PROJECT_ NAME)
; are not accidentally modified.

include ".\lib\GlobalParams.inc"
include "m8c.inc"

include "m8ssc.inc"

include "memory.inc"

export  Start
export  bss start

export  data start
export  idata start
export  func lit start
export  text start

export  DbGetPowerSetting
export bGetPowerSetting

; To change the value of these flags, modify the file boot.tpl, not
; boot.asm. See the notes in the banner comment at the beginning of
; this file.

; Optimization for Assembly language (only) projects and C-language
projects

; that do not depend on the C compiler to initialize the values of RAM
variables.

; Set to 1: Support for C Run-time Environment initialization

; Set to 0: Support for C not included. Faster start up, smaller code
space.

C_LANGUAGE SUPPORT: equ 1

; The following equate is required for proper operation. Reseting its
value

; is discouraged. WAIT FOR 32K is effective only if the crystal
oscillator is

; selected. 1If the designer chooses to not wait then stabilization of
the ECO

; and PLL Lock must take place within user code. See the family data
sheet for

; the requirements of starting the ECO and PLL lock mode.

; Set to 1: Wait for XTAL (& PLL if selected) to stabilize before

; invoking main
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; Set to 0: Boot code does not wait; clock may not have stabilized by
; the time code in main starts executing.

WAIT FOR 32K: equ 1

; For historical reasons, by default the boot code uses an lcall
instruction

; to invoke the user's main code. If main executes a return
instruction,

; boot provides an infinite loop. By changing the following equate from
zero

; to 1, boot's lcall will be replaced by a ljmp instruction, saving two
; bytes on the stack which are otherwise required for the return
address. If

; this option is enabled, main must not return. (Beginning with the
4.2

; release, the C compiler automatically places an infinite loop at the
end

; of main, rather than a return instruction.)

ENABLE LJMP TO MAIN: equ 0

; Interrupt vector table entries are 4 bytes long. Each one contains
; a Jump instruction to an ISR (Interrupt Service Routine), although

; very short ISRs could be encoded within the table itself. Normally,
; vector jump targets are modified automatically according to the user
; modules selected. This occurs when the 'Generate Application' opera-
; tion is run causing PSoC Designer to create boot.asm and the other

; configuration files. If you need to hard code a vector, update the

; file boot.tpl, not boot.asm. See the banner comment at the beginning
; of this file.

AREA TOP (ROM, ABS, CON)

org 0 ;Reset Interrupt Vector
jmp __Start ;First instruction executed
following a Reset

org 04h ;Supply Monitor Interrupt Vector

halt ;Stop execution if power falls too
low

org 08h ;jAnalog Column 0 Interrupt Vector

// call void handler

reti

org 0Ch ;Analog Column 1 Interrupt Vector
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// call void handler
reti

org 10h
// call void handler
reti

org 14h
// call void handler
reti

org 18h
// call void handler
reti

org 1Ch
// call void handler
reti

org 20h
// call void handler
reti

org 24h
1jmp
reti
org 28h

// call void handler
reti

org 2Ch
// call void handler
reti

org 30h
// call void handler
reti

org 34h
// call void handler
reti

org 38h
// call void handler
reti

org 3Ch
// call void handler
reti

org 40h
// call void handler
reti

org 44h
// call void handler

_ADC_ADConversion ISR

;Analog Column 2 Interrupt Vector

;Analog Column 3 Interrupt Vector

;VC3 Interrupt Vector

;GPIO

; PSoC

; PSoC

; PSoC

; PSoC

; PSoC

; PSoC

; PSoC

; PSoC

; PSoC

; PSoC

Interrupt Vector

Block

Block

Block

Block

Block

Block

Block

Block

Block

Block

DBBO0O

DBBO1

DCBO02

DCB03

DBB10

DBB11

DCB12

DCB13

DBB20

DBB21

Interrupt

Interrupt

Interrupt

Interrupt

Interrupt

Interrupt

Interrupt

Interrupt

Interrupt

Interrupt

Vector

Vector

Vector

Vector

Vector

Vector

Vector

Vector

Vector

Vector
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reti

org 48h ;PSoC Block DCB22 Interrupt Vector
// call void handler

reti

org 4Ch ;PSoC Block DCB23 Interrupt Vector
// call void handler

reti

org 50h ;PSoC Block DBB30 Interrupt Vector
// call void handler

reti

org 54h ;PSoC Block DBB31 Interrupt Vector
// call void handler

reti

org 58h ;PSoC Block DCB32 Interrupt Vector
// call void handler

reti

org 5Ch ;PSoC Block DCB33 Interrupt Vector
// call void handler

reti

org 60h ;PSoC I2C Interrupt Vector

// call void handler

reti

org 64h ;Sleep Timer Interrupt Vector

1limp _SystemTimer ISR

reti

;  The Supervisory ROM SWBootReset function has already completed the
; calibratel process, loading trim values for 5 volt operation.

org 68h
___Start:

; initialize SMP values for voltage stabilization, if required,
; leaving power-on reset (POR) level at the default (low) level, at
; least for now.

M8C SetBankl

mov  reg[VLT CR], SWITCH MODE PUMP JUST | LVD TBEN JUST |
TRIP_VOLTAGE_JUST

M8C SetBankO

IF ( WATCHDOG ENABLE ) ; WDT selected in Global Params

M8C EnableWatchDog
ENDIF
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IF ( SELECT 32K )

or reg[CPU_SCR1], CPU SCR1 ECO ALLOWED ; ECO will be used in
this project
ELSE

and reg[CPU_SCR1], ~CPU_SCR1 ECO ALLOWED ; Prevent ECO from being
enabled
ENDIF

; A temporary stack is set up for the SSC instructions.
; The real stack start will be assigned later.

_stack_start: equ 80h

mov A, stack start ; Set top of stack to end of used
RAM

swap SP, A ; This is only temporary if going to
LMM

IF ( POWER _SETTING & POWER SET 5V0) ; *** 5.0 Volt operation
* k%
IF ( POWER _SETTING & POWER SET SLOW IMO) ; *** EMHZ Main

Oscillator ***
or reg[CPU _SCR1], CPU_SCR1_ SLIMO
M8SSC_Set2TableTrims 2, SSCTBL2 TRIM IMO 5V 6MHZ, 1,
SSCTBL1 TRIM BGR 5V, AGND BYPASS JUST
ELSE ; *** 12MHZ Main
Oscillator ***
IF ( AGND_BYPASS )

’

; The 5V trim has already been set, but we need to update the
AGNDBYP
; bit in the write-only BDG TR register. Recalculate the register
; value using the proper trim values.
M8SSC SetTableVoltageTrim 1, SSCTBL1 TRIM BGR 5V, AGND BYPASS JUST
ENDIF
ENDIF
ENDIF ; 5.0 V Operation

IF ( POWER SETTING & POWER SET 3V3) ; *** 3.3 Volt operation
* kK
IF ( POWER SETTING & POWER SET SLOW IMO) ; *** 6MHZ Main

Oscillator ***

or reg[CPU SCR1], CPU_SCR1 SLIMO

M8SSC_Set2TableTrims 2, SSCTBL2 TRIM IMO 3V 6MHZ, 1,
SSCTBL1 TRIM BGR 3V, AGND_BYPASS_JUST
ELSE - ; *** 12MHZ Main
Oscillator ***
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M8SSC_SetTableTrims 1, SSCTBL1 TRIM IMO 3V 24MHZ,
SSCTBL1 TRIM BGR 3V, AGND BYPASS JUST
ENDIF
ENDIF ; 3.3 Volt Operation

mov  [bSSC _KEY1], 0 ; Lock out Flash and Supervisiory
operations
mov [bSsSC_KEYSP], O

IF ( SELECT 32K & WAIT FOR 32K )

; If the user has requested the External Crystal Oscillator (ECO)
then turn it

; on and wait for it to stabilize and the system to switch over to
it. The PLL

; 1s left off. Set the SleepTimer period is set to 1 sec to time
the wait for

; the ECO to stabilize.

M8C SetBankl

mov ~ reg[OSC CROJ], (SELECT 32K JUST | OSC _CRO SLEEP 1Hz |
OSC_CRO_CPU_12MHz)

M8C SetBankO

M8C ClearWDTAndSleep ; Reset the sleep timer to
get a full second

or reg[INT MSKO], INT MSKO SLEEP ; Enable latching of
SleepTimer interrupt

mov reg[INT VC], 0 ; Clear all pending
interrupts
.WaitForls:

tst reg[INT CLRO], INT MSKO SLEEP ; Test the SleepTimer
Interrupt Status

jz .WaitForls ; Interrupt will latch but
will not dispatch

; since interrupts are not

globally enabled
ELSE ; !( SELECT 32K & WAIT FOR 32K )

; Either no ECO, or waiting for stable clock is to be done in main

M8C SetBankl

mov reg[OSC CRO], (SELECT 32K JUST | PLL MODE JUST |
SLEEP_TIMER JUST | OSC CRO CPU 12MHz)

M8C SetBankO

M8C ClearWDTAndSleep ; Reset the watch dog

ENDIF ; ( SELECT 32K & WAIT FOR 32K )

IF ( PLL MODE )

; Crystal is now fully operational (assuming WAIT FOR 32K was
enabled) .

; Now start up PLL if selected, and wait 16 msec for it to
stabilize.

M8C SetBankl
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mov  reg[OSC_CRO], (SELECT 32K JUST | PLL MODE JUST |
0OSC_CRO_SLEEP 64Hz | OSC_CRO CPU 3MHz)
M8C SetBankO

M8C ClearWDTAndSleep ; Reset the sleep timer to
get full period

mov reg[INT VvC], O ; Clear all pending
interrupts
.WaitForléms:

tst reg[INT CLRO],INT MSKO SLEEP ; Test the SleepTimer
Interrupt Status

jz .WaitForléms

M8C SetBankl ; continue boot at CPU Speed
of SYSCLK/2

mov ~ reg[OSC CRO], (SELECT 32K JUST | PLL MODE JUST |

0SC_CRO_SLEEP 64Hz | OSC_CRO_CPU 12MHz)
M8C SetBankO

IF ( WAIT FOR 32K )
ELSE ; !'( WAIT_FOR_32K )

; Option settings (PLL-Yes, ECO-No) are incompatible - force a
syntax error

ERROR_PSoC Disabling WAIT FOR 32K requires that the PLL Lock must
be enabled in user code.
ENDIF ; (WAIT FOR 32K)
ENDIF ;(PLL_MODE)

mov reg[ACBOOCRO], 05h
mov reg[ACBO1CRO], 05h
mov reg[ACBO2CRO], O05h
mov reg[ACBO3CRO], 05h

; Enter the Large Memory Model, if applicable

IF ( SYSTEM LARGE MEMORY MODEL )

RAM SETPAGE STK SYSTEM STACK PAGE ; relocate stack page
mov A, SYSTEM STACK BASE ADDR ; and offset, if any
swap A, SP

RAM SETPAGE IDX2STK ; initialize other page pointers

RAM SETPAGE CUR 0
RAM SETPAGE MVW 0
RAM SETPAGE MVR 0

IF ( SYSTEM IDXPG TRACKS STK PP ); Now enable paging:
or F, FLAG PGMODE 11b ; LMM w/ IndexPage<==>StackPage
ELSE
or F, FLAG PGMODE 10b ; LMM w/ independent IndexPage
ENDIF ; SYSTEM IDXPG TRACKS STK PP
ELSE
mov A,  ramareas_end ; Set top of stack to end of used
RAM

swap SP, A
ENDIF ; SYSTEM LARGE MEMORY MODEL
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; Load global parameter settings and load the user modules in the

; base configuration. Exceptions: (1) Leave CPU Speed fast as
possible

; to minimize start up time; (2) We may still need to play with the

; Sleep Timer.

lcall LoadConfigInit

IF ( C_LANGUAGE SUPPORT )
IF ( SYSTEM SMALL MEMORY MODEL )

mov A,O0 ; clear the 'bss' segment to
zero

mov [ r0],< Dbss start
BssLoop:

cmp [ r0],< Dbss_end

jz BssDone

mvi [ r0],A

Jmp BssLoop
BssDone:

mov A,> idata start ; copy idata to data segment

mov X,< idata start

mov [ r0],< data start
IDataLoop:

cmp [ r0],< data end

jz C_RTE Done

push A

romx

mvi [ r0],A

pop A

inc X

adc A,O0

4

jmp IDataLoop
ENDIF ; SYSTEM SMALL MEMORY MODEL

IF ( SYSTEM LARGE MEMORY MODEL )
mov reg[CUR _PP], > r0 ; force direct addr mode
instructions
; to use the Virtual Register

page.

; Dereference the constant (flash) pointer pXIData to access the
start
; of the extended idata area, "xidata." Xidata follows the end of

the
; text segment and may have been relocated by the Code Compressor.
mov A, > pXIData ; Get the address of the flash
mov X, < _pXIData ; pointer to the xidata area.
push A
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romx ; get the MSB of xidata's
address

mov [ r0], A

pop A

inc X

adc A, O

romx ; get the LSB of xidata's
address

swap A, X

mov A, [ r0] ; pXIData (in [A,X]) points to
the

; XIData structure list in

flash

Jmp .AccessStruct

; Unpack one element in the xidata "structure list" that specifies
the

; values of C variables. Each structure contains 3 member elements.

; The first is a pointer to a contiguous block of RAM to be
initial-

; ized. Blocks are always 255 bytes or less in length and never
cross

; RAM page boundaries. The list terminates when the MSB of the
pointer

; contains OxFF. There are two formats for the struct depending on
the

; value in the second member element, an unsigned byte:

; (1) If the value of the second element is non-zero, it represent

; the 'size' of the block of RAM to be initialized. In this case,
the

; third member of the struct is an array of bytes of length 'size'
and

; the bytes are copied to the block of RAM.

; (2) If the value of the second element is zero, the block of RAM
is

; to be cleared to zero. In this case, the third member of the
struct

; 1s an unsigned byte containing the number of bytes to clear.

.AccessNextStructLoop:

inc X ; pXIData++
adc A, O
.AccessStruct: ; Entry point for first block

; Assert: pXIData in [A,X] points to the beginning of an XIData
struct.

M8C ClearWDT ; Clear the watchdog for long
inits

push A

romx ; MSB of RAM addr (CPU.A <-
*pXIData)

mov reg[MVW_PP], A ; for use with MVI write
operations

inc A ; End of Struct List?
(MSB==0xFF?)

S
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Jjz .C_RTE WrapUp
complete

pop A

inc X

adc A, O

push A

romx
*pXIData)

mov [
[reg[MVW _PP], [

pop A

inc X

adc A, 0

A

romx
*pXIData)

jz .ClearRAMBlockToZero

mov [ rl], A
_rl

pop A

.CopyNextByteLoop:

’

Yes, C runtime environment
restore pXIData to [A,X]
pXIData++
LSB of RAM addr (CPU.A <-
RAM Addr now in
restore pXIData to [A,X]
pXIData++ (point to size)
Get the size (CPU.A <-

If Size==0, then go clear RAM
else downcount in

restore pXIData to [A,X]

; For each byte in the structure's array member, copy from flash t

RAM.
; Assert: pXIData in [A,X]

; [reg[MVW_PP], [ rO0]] points to next RAM destination;
; __rl holds a non-zero count of the number of bytes

remaining.

inc X
byte)

adc A, O

push A

romx
*pXIData)

mvi [ r0], A

tst [ r0], Oxff

jnz .CopyLoopTail

mov A, reg[ MVW_ PP]
reg

inc A

mov reg[ MVW_PP], A
.CopyLoopTail:

pop A

dec [ rl]

Jnz .CopyNextByteLoop

jmp .AccessNextStructLoop
block

.ClearRAMBlockToZero:

pop A

inc X
byte)

adc A, 0

push A

romx
*pXIData)

’

pXIDatat++ (point to next data

Get the data value (CPU.A <-

Transfer the data to RAM
Check for page crossing

No crossing, keep going

If crossing, bump MVW page

restore pXIData to [A,X]

End of this array in flash?
No, more bytes to copy
Yes, initialize another RAM

restore pXIData to [A,X]
pXIDatat+ (point to next data

Get the run length (CPU.A <-

o

points to previous byte of flash source;
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mov [ rl], A ; Initialize downcounter

mov A, O ; Initialize source data
.ClearRAMBlockLoop:

; Assert: [reg[MVW PP],[ rO]] points to next RAM destination and

; __rl holds a non-zero count of the number of bytes
remaining.

mvi [ r0], A ; Clear a byte

tst [ r0], Oxff ; Check for page crossing

jnz .ClearLoopTail ; No crossing, keep going

mov A, reg[ MVW_PP] ; If crossing, bump MVW page
reg

inc A

mov reg[ MVW_PP], A

mov A, O ; Restore the zero used for
clearing
.ClearLoopTail:

dec [ rl] ; Was this the last byte?

jnz .ClearRAMBlockLoop ; No, continue

pop A ; Yes, restore pXIData to
[A,X] and

Jmp .AccessNextStructLoop ; initialize another RAM
block

.C_RTE WrapUp:
pop A ; balance stack

ENDIF ; SYSTEM LARGE MEMORY MODEL
C_RTE Done:

ENDIF ; C_LANGUAGE SUPPORT

IF ( POWER SETTING & POWER SET 5VO0) ; 5.0V Operation
IF ( SWITCH MODE PUMP ~ 1 ) ; SMP is operational

’

; When using the SMP at 5V, we must wait for Vdd to slew from 3.1V

to
; 5V before enabling the Precision Power-On Reset (PPOR).

’

or reg[INT MSKO],INT MSKO SLEEP

M8C SetBankl

and reg[OSC CRO], ~OSC _CRO_SLEEP

or reg[OSC CRO], 0OSC _CRO_SLEEP 512Hz

M8C SetBankO

M8C ClearWDTAndSleep ; Restart the sleep timer

mov reg[INT VvC], O ; Clear all pending
interrupts
.WaitFor2ms:
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tst reg[INT CLRO], INT MSKO SLEEP ; Test the SleepTimer
Interrupt Status

jz .WaitFor2ms ; Branch fails when 2 msec
has passed
ENDIF ; SMP is operational
ENDIF ; 5.0V Operation

; Set Power-On Reset (POR) Level

M8C SetBankl

IF (POWERfSETTING & POWERfSET75VO) ; 5.0V Operation?
IF (POWERfSETTING & POWER SET SLOW IMO) ; and Slow Mode?
ELSE ; No, fast mode
IF ( CPU_CLOCK JUST "~ OSC_CRO_CPU _24MHz ) ; As fast as 24MHz?
; no, set midpoint
POR in user code, if desired
ELSE ; 24HMz ;
or reg[VLT CR], VLT CR POR HIGH ; yes, highest POR

trip point required
ENDIF ; 24MHz

ENDIF ; Slow Mode

ENDIF ; 5.0V Operation

M8C SetBankO

; Disable the Sleep interrupt that was used for timing above. 1In
fact,

; no interrupts should be enabled now, so may as well clear the
register.

’

mov reg[INT MSKO],O0

; Everything has started OK. Now select requested CPU & sleep
frequency.

M8C SetBankl

mov reg[OSC_CRO},(SELECT_32K_JUST | PLL MODE JUST |
SLEEP TIMER JUST \ CPU_CLOCK_JUST)

M8C SetBankO

; Global Interrupt are NOT enabled, this should be done in main().

; LVD is set but will not occur unless Global Interrupts are
enabled.

; Global Interrupts should be enabled as soon as possible in
main () .

mov reg[INT VC],O0 ; Clear any pending interrupts which
may

; have been set during the boot

process.
IF ENABLE LJMP TO MAIN
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ljmp main ; goto main (no return)
ELSE

lcall main ; call main
CExite

Jmp  .Exit ; Wait here after return till power-
off or reset
ENDIF

bGetPowerSetting:
_bGetPowerSetting:
; Returns value of POWER SETTING in the A register.
; No inputs. No Side Effects.
mov A, POWER SETTING
ret

;  ROM AREAs for C CONST, static & global items
AREA 1it (ROM, REL, CON) ; 'const' definitions
AREA idata (ROM, REL, CON) ; Constants for
initializing RAM
___idata_start:

AREA func 1lit (ROM, REL, CON) ; Function Pointers
~ func 1lit start:

IF ( SYSTEM LARGE MEMORY MODEL )
; We use the func_lit area to store a pointer to extended
initialized
; data (xidata) area that follows the text area. Func lit isn't
; relocated by the code compressor, but the text area may shrink

and

; that moves xidata around.
__pXIData: word  text end ; ptr to extended idata
ENDIF

AREA psoc _config (ROM, REL, CON) ; Configuration Load &
Unload

AREA UserModules (ROM, REL, CON) ; User Module APIs

; CODE segment for general use
AREA text (ROM, REL, CON)
__text start:

; RAM area usage

’
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’

AREA data

__data_start:

AREA virtual registers
AREA InterruptRAM
AREA Dbss

bss start:

end of file boot.asm

REL,

REL,
REL,
REL,

CON)

CON)
CON)
CON)

initialized RAM

Temp vars of C compiler

Interrupts,
general use

on Page 0
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APPENDIX C

Actual Photos



Figure 6.4 Internal View of the Prototype

Figure 6.5 Top View of the Prototype
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Figure 6.6 Front View of the Prototype

Figure 6.7 Back View of the Prototype
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APPENDIX D

28Pin CY8C29466 Datasheet
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PSoC® Mixed-Signal Array Final Data Sheet

CY8C29466, CYSC29566, 5
CY8C29666, and CYBC29865 J/ CrprESS
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M Two B Wby, 3058 Accumuizes T Z4i5 MHz weh Opfonal 32755 K-z Gl 400 kHz
M Low Fowes 2 High Spesd 7 Crfional Exemal Osclisiy, up o 24 MH 7 ‘ialtridog and iesn Timers
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T 15 Digitsl P5oC Blocks Provide: T 25 mA Bink on al GF0 :: _EFEF'E:E'-‘W:
- B~ 3250 Timers, Couniers, and PWSS T Full up, Pul down, High Z, Srong, or Jpen ek
e Dzl Drive: Mogies o all ARG 7 Compiers, Assembier, and Linker
- Up b4 Ful-Jupiex UART: 0 Up o 12 Anaicg Inpus on GFIO
- Wuipis SR jasters or Slaves T Four 40 mA Anaiog Cuipus on OFIC
- Comectobie ko gl G0 P 7 Confipurabie intemupt on &l GRID

1 Corpies Perpherals by Corbining Siocks

PSoC® Functional Overview

ot TPt 8 MEH“:-‘JHHIF.JHFH?HM"HMD“:
[ ] A 1 1 The P5oC® famiy consisis of many Mived-Signal Amay with
Y v On-Chip Confroller dewvices. These devices are designed to
- s & replace multiple traditional MCU-based system components
L ] with one, low cost sngle-chip programmable device. PSoC
devices include configurable blocks of analog and digital logic,
ot S Dhotal Arming. hiscorect as well 3 programmable interconnects. This architecture
- allows the user to create customized perpheral configurations
-l-t{ £ ook | rast v | PSOC CORE that match the requirements of each individual application.
- CRUCors|MEC] Seepan |l Additionally, a fast CPU, Flash program memory, SRAM data
* e ol ¥ ‘_"""";‘“‘ memory, and configurable 10 are included in a range of conve-
ent nd 1
i e - | nient pincuts and packapges

{Inciudes BAD, ILC, PLL and ECO) The PSolC archiftecture, a6 illusirated on the left, 5 comprised of
four main areas: PSoC Core, Digital System, Analog System,
| — Eall the device resources to be combined imto & complete custom
| system. The PSoC CYBC2Ew5 familly can have up fo =ight 10
1= m‘ Ansiog | i ports that connect to the giobal digital and analog mberconnacks,

- ey e — providing acoess to 16 digital blocks and 12 analog blocks.

] Irput
wes [ | The PSoC Core
- The PSol Core is a powerful engine that supports a rich fea-
—% % % % % 3— fure set. The core includes 3 CPU, memony, docks, and config-
gy | urable GPIO {General Purpose 10).
il and LD

iz ,':',,t',_’:’ - FRe—— "",:." Fump The MBC CFU core is a powerful processor with speeds up fo
TYSTEM RESOURCES 24 MHz, providing a four MIPS B-bit Hanvard architecture micro-

processor. The CPU utilizes an intermupt controller weth 25 vec-
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tors, to simplify programming of real fme emibedded events.
execution is tmed and protecied wsing the incuded
Sheep and Watch Dog Timers (WOT).

Memaory encompasses 32 KB of Flash for program storage, 2
KB of SRAM for data storege. and up to 2 KB of EEPROM emu-
lated wsing the Flash. Program Flash utiizes four profection lew-
els on Dhocks of 64 bytes, allowing customized software IP
probection.

The PSol: device incorporates flexible mtemal dock geners-
fiors, including a 24 MHz IMO {intemal miain oscillator) accurate
fir 25% over termperature and woltage. The 24 MHz IMO can
aiso be doubled to 48 MHz for use by the digial system. A low
power 32 kHz ILO {intemiat low spesd oscillator) s provided for
the Sleep timer and WOT. If crystal accuracy is desred, the
ECD (32788 kHe extemal crystal oscillator) is available for use
asa Real Time Clock (RTC) and can optionaly generate 3 cnyfs-
falaccurate 24 MHz system clock using @ PLL. The docks,
together with programmable clock dividers (as a System
Resource), prowide the fiexibdity to integrate almast any tming
requirement ints the PSol device.

PSol GRS prowide connection to the CPLU, digital and analog
respurces of the device. Each pin's drive mode may be selected
from eight cptions, abowing great flexhility in extemal interfac-

ing. Every pin also has the capabdity to generate 3 system inter-
rupt on high keved, low kevel, and change from Last read.

The Digital System

The Digital System 5 composed of 18 digital PSoC blocks.

Each block is an B-b# resource that can be used alone of com-

bined with other blocks to form B, 16, 24, and 32-bit penipherals,

which are called user module references. Digital peripheral con-

figurations include those listed below.

m PWWMs (B to 22 bet)

m PWhis with Dead band (3 to 32 bit)

m Counters (8 to 32 bit)

m Timers {8 to 32 bit)

m UART B bit with sefeciable parity (up to 4}

m 5Pl master and skave {up fo + sach)

m [T slave and mul-master (1 available as a System
Resourcz)

m Cyclical Redundancy Checker/Generator (3 to 32 bit)

m DA jupiod)

m Psaudo Random Sequence Generators (B to 32 bi)

The digital blocks can be conpected to any GPIO through a
senss of global buses that can route any signal to any pin. The
buses also alow for signal multiplexing and for perfoming logic
operations. This configurability frees your designs. from the con-
straints of a fived peripheral confroller

Digital blocks are provided in rows: of four, whese the number of
blocks wanes by PSoC device family. This allows you the opt-
mum choice of system resources for your application. Family
rescurces are shown in the table tiied PS50l Device Character-
stics on page 3.

Digital System Block Diagram
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The Analog System

The Analog System & composed of 12 configurable blocks,
each comprised of an opamp circuit Sllowing the creation of
complex analog signal fiows. Analog penpherals are very flex-
be and can be cusiomized to support specific application
requirements. Some of the more common PSoC analog func-
fiors (rmost avalable as user modules) are Fsted below

m Analog-to-digial converters {up fo 4, with & to 14-bit resolu-
tion, selectable as Incremental, Delta Sigma, and SAR)

m Fileers (2, 4, 8, or B pobe hand-pass, |low-pass, and nobch)

m Amplifiers (up to 4, with selectable gain bo 48x)

B Instrumentation amplfiers (up to 2, with selecble gain to

B3x)

Comparators (up to 4, with 18 selectable thresholds)

DACs (up to 4, with 6- to B-bit resokution)

Multiphsing DACs (up to 4, with 8- bo B-bit resclution))

High carment output drvers (four with 40 mA deive as a Core

Resourcs)

m 1.3V reference (as a System Resourcs)
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m CTMF Digler

m Modulators

m Comelators

m Peak Detectors

m Many other topologies possible

Analog blocks are provided in columns of three, which inchudes

one CT (Contnuous Time) and twoe SC (Switched Capacitor)
bhocks, as shown in the figure below.

Analog System Block Diagram
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Additional System Resources

System Resources, some of which have been previously Bsted,
provide additional capablity useful to complete systemns.
Resources include a multiplier, decimator, switth mode pump,
o woltage detection, and power on reset. Siatements desenb-
ng the merits of each system resourc are presented below

m Digital chock dividers prowide three customizable dock fre-
fuencies for us2 in applcations. The clocks can be routed to
both the digital and anabog systems. Additional clocks can be
penerated wsing digital PSoC blocks as clock dividers.

m Multiphy accurmulate (MAC) provides fast 3-bit multiplier with
J2-bit accurnulate, to assistin general math and digital fters,

m The decimator provides 3 custom hardware filter for digital
signal, processing applications incuding the creation of Delta
Sigma ADCs.

m The [2C module provides 100 and 400 kHz communication
ower two wires. Slave, master, and mult-master modes are
all supported.

m Low oltage Detection (VD) intemupts can signal the apoli-
cation of falling voltage levels, while the advanced POR
(Power On Reset) circuit efiminates the need for 3 system
SLIpEISOr.

B Aninternal 1.3 voltage reference provides an absolute refer-
ence fior the analog system, including ADCs and DACs.

B Anintegrated switch mode pump (SMP) generates nomal
operating voltages from a single 1.2V battery cell, providing a
low cost boost converter.

PSoC Device Characteristics

Diepending on your PSoC device charactenistics, the digital and
analog syshems can have 18, 8, or & digital blocks and 12, 6, or
4 analog blocks. The following table lists the resources
avalable for specific PSoC device groups. The PSaC device
covered by this data sheet is highlighted below

FSol Device Characteristics

e A S HAE
?lag)ad JHIERE
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Getting Started

The quickest path to understanding the PSoC silicon is by read-
g this da@ shest and using the PSol Designer Integrated
Development Environment (IDE). This data shest is an over-
view of the P5oC integrated cirult and presents specific pin,
register, and electrical specifications. For in-depth information,
along with detaled programming information, reference the
F5al Mived-Signal Amay Technical Reference Manusl.

For up-to-date Ordening, Packaging, and Elecineal Specification
nformation, reference the latest PSoC device data shests on
the web at hito: e cypress comipsoc.

Development Kits

Dievelopment Fits are avalable from the following distribuiors:
Dig-Key, Aunet, Amow, and Future The Cypress Online Store
at hitpcfwwwe.orfulfillment comdcypressstore/ contains: develop-
ment kits, C compilers, and all accessones for PSoC develop-

ment. Click on P3eC (Frogammable System-on-Chip) to view

a current list of available items.

Technical Training Modules

Free PSoC technical fraining modules are avalable for users
new to PSeC. Training modules cover designing. debugging,
advanced analogp and CapSense. Go o hifpdl
wiwwLcypress comitechirain,

Consultants

Certified P5oC Consulants offer everything from fechnical
assistance to completed PSoC designs. To contact or become 3
P50l Consultant, go to the following Cypress suppor web site;
hittpy- vy, cypess. comy/supporticypros. cfm.

Technical Support

PSol application engineers take pride in fast and acoumate
response. They can be reached with a 4-howr guarantesd
response at hitp:wan cypress. comdsupportlogn.cfm.
Application Notes

A long list of application notes will assist you in every aspect of
your design efioet. To wiew the PSoC application notes, go to
the hbipcfewsw.cypress.com web site and select Application

Motes under the Design Resources list located in the center of
the web page. Applcation notes are isted by date by default

Development Tools

PSol Designer is a Microsofi® Windows-based, infegrated
development envirenment for the Programmable System-on-
Chip (P3oC) devices. The PSoC Designer IDE and applicabon
muns on Windows NT 4.0, Windows 2000, Windows Millennium
(Mel or Windows XP. (Reference the PSoC Designer Func-
fional Flow diagram bebow)

PSolC Designer helps the customer to select an operating con-
figuration for the PSoC, write application code that uses the
P5oC, and debug the application. This system provides design
database managerment by prosect, an integrated debupger with
In-Circuit Errulator, in-systemn programming support, and the
CYASM mace assembler for the CPUs.

P50l Designer also supports a highdevel C language compder
developed specifically for the devices in the family.

PSoC Designer Subsystems
ko Conieat
PSC e | e
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PSoC Designer Software Subsystems

Device Editor

The Device Editor subsystem allows the user to select different
onbeard analog and digital components called user modules

using the PSoC blocks. Examples of user modules are ADCs,
DACs. Amplifiers, and Filters.

The device editor also supports easy development of mufinle
configurations and dynamic reconfiguration. Cynamie configu-
ration allows fior changing configurations 3t run firme.

PoolC Designer sefs up powsr-on inifialization fables for
selected PSoC block configurstions and creates source code
for an application framework. The framework contains software
to operate the selected components and, if the project uses
more than one operating configuration, contains routines. fo
switch between different sets of PSoC block configurations at
run time. PSoC Designer can print out a conSiguration sheet for
a given project configuration for wse during apolication pro-
grarmming in conjunction with the Device Data Sheet. Once the
framework is generated, the user can add application-specic
code to flesh out the ramework. It's also possible to change the
selected components and regenerate the framework.,

Design Browser

The Design Browser allows users to select and import precon-
figured designs into the user's project. Users can easily browse
a catalog of preconfigured designs o faclitate time-to-design.

Examples provided in the tools inchude a 300-baud modem, LIM
Bus master and slave, fan confroller, and magnetic card reader,

In the Application Editor you can edit your C language and
Aszembly language source code. You can also assemble, com-
pile, link, and build.

Aszsembler. The macmo assembler allows the assembly code
to be merged seamlessly with C code. The Ik libranies auto-
matically wse absolute addressing or can be compiled in relathve
maode, and finked with other software modubes to get absolute
Fddressing.

C Language Compiler. A C language compiler is available
that supports Cypress’ PSoC family devices. Even if you have
never worked in the C language before, the product quickly
allows you fo create complete C programs for the PSoC family
deyices,

The embedded, optimizing C compiler provides all the features
of C tailored o the PSoC archifecture. It comes complete with
embedded libraries prowiding port and bus operations, siandard
keypad and display suppor, and extended math funclionality.

Debugger

The P3oC Designer Debugger subsystem provides hardware
n-carcuit ermulation, allowing the designer to fest the program in
a physical systern while prowiding an intemal view of the PSoC
device. Debugger commands allow the designer o read and
program and read and write data memory, read and weite 10
registers, read and wite CPL registers, set and clear break-
points, and provide program mn, halt, and step contrel. The
debugper also allows the designer o create 3 trace buffer of
registers and mermary kecations of interest.

Online Help System

The oniine help system displays online, context-sensitve help
for the user. Designed for procedural and quick reference, each
functiznal subsystem has its own contexi-sensitve help. This
system also provides futorials and Fnks o FACE and an Onfine
Support Forum to 3id te designer in getting started.

Hardware Tools

In-Circuit Emulator

A low cost, high functionality ICE {In-Circuit Emulator) is avail-
able for development support. This hardware has the capabdity
1o program single devices.

The emulator consists of 3 base unit that connects ta the PC by
way of the LISE port. The base unit is wniversal and will operate
with all PSoC devices. Ermulation pods for each device family
are available separately. The emulabon pod takes the place of
thie PSaC device in the tanget board and performs full speed (24

MHz) operation.
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Designing with User Modules

The development process fior the PSol devices differs from that
of a traditional fed function microprocessor. The configuratds
analog and digital hardware blocks gve the PSoC architecturs
aumnique flexibility that pays dividends in managing specification
change durng developrment and by lowenng inventony costs.
These comfigurable resources, called PSoC Blocks, have the
ability fo impdement 3 wide vansty of user-selectable fimctions.
Each block has several registers that determine its function and
cormectivity to other blocks, multiplexers, buses, and to the 10
pins. fertive development cycles permit you to adapt the hard-
wiare as well as the software. This subsantialy lowers the risk
of having to select a different part o meet the final design
requUirements.

To speed the developmant process, the PSoC Designer Inte-
grated Development Emeronment (IDE) provides a library of
pre-bult, pre-fested hardware peripheral funchons, called "User
Modules.” User modules make selecting and implementing
peripheral devices simple, and come in analog. digial, and
mixed signal vaneties. The standand User Module Forary con-
tains over 50 common peripherals such as ADCs, DACs Tim-
ers, Counters, UARTs, and other nof-so common peripherals
such as OTMF Generators and Bi-Juad analog fiter sections.

Each user module establishes the basic regster settings that
mpbsment the selected fnction. It also prowides parameters
that allow you o tilor its precise configuration bo your particular
application. For example, a Pulse Width Modulator User Mod-
ule configures one or more digital PSoC blocks, one for each 8
bits of resolufion. The user module parameters pemmit you o
establish the pulse wadth and duty cycle. User modules also
prowide tested softwane to cut your development time. The user
module applicabion programming interface (AP1) provides high-
level functions to confrol and respond to hardware events at
nn-tme. The AP| also provides opfional intermupt senice rou-
fines that you can adapt as needed.

The AP functions are documented in user module data sheets
that are viewed directy in the PSol Designer IDE. These  data
shests explam the intemal operation of the user module and
provide periommance speciications. Each data sheet describes
the use of each user moduls and documents the set-
fing of each register controlled by the user module.

The development process starts when you open a new project
and baing up the Cevice Editor, a graphical user nteriace (GUI)
for configuring the hardware. You pick the user modulss you
need for your project and map them onbo the PSoC bocks with
point-and-click smplicsty. MNet, you buld signal chains by inter-
cormecting user modules to each other and the 1D pins. At this
stage, you also configure the clock soume connections and
enter parameter values directly or by selecting values from
drop-dowm menus. YWhen you are ready to test the hardwars
cormfiguration of move on to developing code for the project, you
periomm the “Generate Application” step. This causes PSoC
Diesigner fo penerate source code that automatically configures
the device to your specification and prowides the highHevel user
module AP functions.

User Module and Source Code Development Flows
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The next shep is to wite your man progam, and any sub-rou-
fines wsing P50l Designer's Application Editor subsystem.
The Application Editor includes a Project Manager that allows
you to open the project source code fles (incleding all gensr-
ated code files) from a hierarchal view. The source code editor
prowides syniax colorng and advanced edit features for both C
and assembly language. File search capabilites incude simple
siring searches and recursve “grep-style” patiems. A single
mouse dick invokes the Buld Manager. i employs a profes-
sional-sirength “makefile” system to automaticaly analyze al
file dependencies and run the compiler and assembler 35 nec-
essary. Projectevel options confrol optimization stategies
used by the compiler and linker. Syniax emors are displayed n
a console window. Double dicking the emor message takes you
directly to the offending line of sounce code. When all s comect,
the linker bulds a HEX file image suitable for programming.

The last step in the development process takes place inside the
PSoC Designer's Debupger subsystem. The o
loads the HEX image fo the In-Carcuit Emulator (ICE) where it
nuns at full speed. Debugger capabilies rival those of systems
costng many times mare. In addition to raditonal single-step,
nun-to-breskpoint and watch-varable features, the Cebugger
prowides a large trace buffer and allows you define complex
breakpoint events that include montonng address and data bus
valees, memorny locations and extemal signals.
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1. Pin Information
%"E?wmzasa

FENFLIAM

This chapter describes, lists, and illusirates the CY3C2%:80 PSoC device pins and pinout configurations.

1.1 Pinouts

The CYAC2:36 PSoC device is available in a vanety of packages which are listed and ilkestrated in the following Gbles. Every port
pin {labeled with 3 “F") is capable of Digital |0, However, Ves, \dd, SMP. and ¥XRES are not capabde of Digital 10,

111 28-Pin Part Pinout
Table 1-1. 28-Pin Part Pinout {PDIP, $S0F, S0IC)

Fin Trpe Pin oa CYAC 29466 28-Pin P5oC Device
No. ["ightal | Ansiag | Mame Description
1 3] || PO | Anaiog colurm me ingt A o % I
2 o} L] FOE] Anaiog ooiumn mex inpat and oolumn output #.I:IlFlilEI a 7 | FopLAL
3 ] 0| POQ] | Anaiog coiLen maz Input and colUen oupiE L0 AE o 3 2 | FoRL A1
S 1] T FOT |Andog coemnma ned. | ALAI o 4 Efmrpan
& i Pl Pep e 5 M |m PopIL )
£ 12 FIEl FEd B I3 |m FIp B e
T I | P33 Direct switched capachon biock. Input AL P2 7 2 |m FIR|ErEesAED
-] ) | PA1] Direct swiiched capacior bock Input & 1R B H = F2pLAl
-] Proswer SMP Bwitch Mode Pump | BMF) comnection to i1} X m FIOLAI
axiemal comporens neguinsd BCEEL P £ ko
10 ] FIG] |2 Sera Ciock [ECLY. ZCEAFE] P
1 ) PiE] [3C Basrinl Dot (S0WL FE; FAIE| ERTELK
2| ' Fial ECECL XTiLn,FAT] Fipl
q ™M r i -
13 K P[] ?a?agﬂ%r] [2C Serial Clock (3CL), i FARATALSCEDA
14 Posver W55 Gmurd conneciion
1 I P4 Crysal TALouE), [2C Serial Dabn (EDA),
FHEP-SDATA".
16 12 PRl
T I P1E] COpfional Extemal Cock Input (EXTCLE
18 I P1E]
18 Inprat IREE | Achve high mdemal resat with inkemal pul
.
2 12 | . 1] Direct swiiched capacior ok Input
21 I | P Direct swiiched capachon biock Input
2 o] P2] Exfemal Anadog Sround (ASKND).
Pzt 12 P3E] Extemal Vokage Reference (WREFS).
24 I | POI] Analog ool me Inpat.
= I 0 PO Anaiog oo mes inpat and column output
e o} L] 20 = Anaiog ooiumn mex inpat and oolumn output
= ] T |POE] | Anaiog couemm m inpet
28 Posver Wdd Suppty witsge.

LEGEND: A= Anaiog, | = npul, and O = Cuiput
" These are the E2EP pins, which are not High Z at POR (Power On Reset). Bze e PSoC lied-Sigral Amay Technica/ Refsrence: Lisnuy for detalls.
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Wide Range of Supply Voltages:

Single Supply ... 3Vio 0V

(LM2302, 3V to 26 V) or Dual Supplies
Low Supply-Current Drain Independent of
Supply Voltage ... 0.8 mA Typ
Common-Mode Input Voltage Range
Includes Ground, Allowing Direct Sensing
Hear Ground

Low Input Biaz and Offset Parameters:

— Input Offset Voltage ... 3 mV Typ
AVersionz...2 mV Typ

- Input Offset Current ... 2 nA Typ

— Input Bias Current ... 20 n& Typ
AVersionz ... 15nA Typ

Differential Input Voltage Range Equal to
Maximum-Rated Supply Voltage ... 32V
(26 V for LM2902)

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

Internal Frequency Compensation

description/ordering information

These devices consist of four independent
high-gain frequency-compensated operational
amplifiers that are designed specifically to operate
from a zingle supply over awide range of voltages.
Operation from split supplies also is possible
when the difference between the two supplies is
3Vto 30V (for the LM2302, 3V to 26 V) and Vo
iz 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
zupply voltage.

LM124, L1244, LM224, LM224A
LM324, LM324A, LM2902

QUADRUPLE OPERATIONAL AMPLIFIERS

SLOG066H - SEPTEMBER 1375 - REVISED DCTOBER 2002

LWi24 ... D, ) OR WPACKAGE
LMi24A . . JPACKAGE
LM224, LM224A .. D OR N PACKAGE
LM324__.D, N, NS, OR PW PACKAGE
LM324A .. D, DB, M. N5, OR PW PACKAGE
LM2902 . ..D, N, N5, OR PW PACKAGE

(TOP VIEW}
T 1
1out] 1~ 1] 40Ut
iN-[[2 13l am-
n+[2 12l 4N+
Vecll4  1iflGhD
e | E ] [T
an-[ls 8] an-
2out]l7  s]lsouT

LM124, LM124A . . FK PACKAGE

(TOP VIEW)
E
5.5
23032
- - T %
g o e
ol ]43 21 21 H s
NC []5 17[| NC
Vee [ 8 18] GND
NC [] 15[] NG
2N+ 4[] s
! 210111213 I
o o e
35254
o g Qm

M - Mo intemal connection

Applicationz include transducer amplifiers, dc amplification blocks, and all the conventional
operational-amplifier circuits that now can be more easily implemented in single-supply-voltage systems. For
example, the LM124 can be operated directly from the standard 5-V supply that i= used in digital systems and
easily provides the required interface electronics without requiring additional £15-V supplies.
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MPS-2000 Pressure Sensor Datasheet
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MPS-2000-006GR
DIP Pressure Sensor

DESCRIPTION

The MPS-2000 features silicon pressure sensors m
6-pm dual m-lme packages. All parts in these senes
are uncompensated high-performance die mounted
on a substrate with a plastic cap. Pms are designed
for fhrough-board assembly. The MPS-2000 1s
idenl for applications reqiing low ysteesis, bigh
reliabality and stabdity.

With constant voltage excitation, the MPS-2000
moduces a vollage output that = lmearly
proportonal to the mput pressure. The user can
provide MPS-2000 with sigmal ::::a:ﬂ]hmm:!

crcutry to anplify the oufput signal or to maxmmze
DEI-ivahmaihd.TheMFﬂ—E{ﬂﬂmmﬂqnﬁbk

with most noncorrosive gases and dry air.

SCHEMATIC DIAGRAM

—a +0UT

N

s Ll
I -IN

FEATURES

o Compedirve price dual m-lme package

0 Wide operafing temperature range:- 40 to
+85°C

0 Solid-state reliability

o EasyfoUse

0 Easly Embedded m OEM Equipment

APPLICATIONS

Blood Pressure Meter

Digital Pressure Gauges

Consumer & Sports

Medical Instnumentaton & Monitormg
Disposable Blood Pressure

o o o o o o

HOW TO ORDER
Part Number:
MPS5-2000

| IE gm. h- :n.
5.8 psig, DIP

85



Parameter Value Units Notes
General
Pressure Range 5.8 PSIG 40 KPaG
Maximum Overpressure 33X rated pressure
Electrical @25°C (77°F) unless otherwise specified
Excitation 5 vDC
Input Impedance 4~-6 ko
Output Impedance 4~6 ki)
Environmental
Operating Temperature Range 40~+85 °C -40°F ~+185°F
Storage Temperature Range A0~+125 °C A0°F ~+257°F
Mechanical
Weight 0.62 grams
Clean, dry air &
Media Compatibility A
NONCOMToSive gases
PERFORMANCE"
Zero Offset +20 mY
Span 50~100 mY
Bridge Resistance 4~6 ko
Linearity +0.2 % Span 2
Hysteresis +0.2 % Span
Temperature Coefficient of Zero Offset +0.08 % Span/*C 3
Temperature Coefficient of Span 0.1 %Span/ °C 3

Motes: 1. All values are Minimmm/Maxinmm and are measured at 3 VDC and 25°C unless otherwize specified.

2. Best fit straight line.

3. Between 0°C and 40°C. Temperature coefficients are typical values.

PACKAGE DIAGRAM
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Lz,

L7800
SERIES

POSITIVE VOLTAGE REGULATORS

CQUTFUT CURRENT TO 1.54

OUTFUT WOLTAGES OF 5; 5.4, 6, &, 8.5] &
127 135 18; 244

THEEMAL OWERLOAD FROTECTION
SHORT CIRCUT FROTECTION

CDUTFUT TRARSITION S04 FROTECTICN

DESCRIPTION

The L7800 serles of thweeserminal posiive
regulators iks_avallable in TO-220, TO-220FF,
TO-3 and D°PAK packages and several fied
oulpul voRages, making it useful in a wide range of
appkcalkons. Thaza I'EQ..H&I"-’B can provede kacal
on-caml regulation, elminating the diswibulion
prablems associaled with single point regulation.
Each type employs intemal curment Beriting,
thermal shul-dewn and sale area protection,
making it essentally indeswuctinle. |1 adequate
eaal Hm B provwded, 'E"' can delver aver 1A
oulpul cument. Alhough designed prmarly as
fived voRage regulators, Tese devices can be
used with edemal ocomponenis o obfain
adjpestable voRage and cumenis.

SCHEMATIC DIAGRAM

OiPAK Tor3

L wg | eme
i e 0
e W e B ey
o,
l Lo

February 2003

128
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LTE00 SERIES

ABI0LUTE MaZIMUM RATINGS

Ly mibal P aramete rt Walue Linit
DS Input Violkage for'vig= 5 to 18 5
W W
I for'vig= 20, 24 40
[ Otk Curnenk Itz rmally Lirmiged
Piat Power Dissipation Inte rmally Limiterd
Taig Horage Termperature Range St 150 G
T Cyperating Junction Temperature | for L 7&00 L5k 150 o
P Range for L 78000 ko 150
B bt Mo mm Rabings ane those values Beyend which damage both devee may oo, Funcl ol openal o uder thss e o omd o b
Pt imelad.
THERMAL DAT A
Symbal Parameier PEAE To220 T2 FP T3 Uit
Ripjeai | Thermal Resistance Junctiorecse Max 3 =1 =] 4 *GAN
L T— Thermal Resistance Junchor-amoiert W G5 =] &0 B S
SCHEMATIC DLAGRAM
- . i ﬂl“
i N
1.1 -
L 12 er
Erir
n\“l a
OuT
RE “!u
¥ 10)] T
S=u 00 -
2= ivr
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L7800 SERIES

CONNECTION DIAGRAM {fop wew)

QUTPUT [ QuUTPUT
| C} GROUMD C} T GROUND
IMPUT D — 1 |
(=Rt il hed
TO-220 TO220FF
L— T
1 QUTFUT
GHD | -
1 INFUT
ﬁ PC1 R0 -
CFP A TO-3
ORDERING CODES
. SUTEUT
TYPE T2 LR () TCnZXF P (o] VOLTAGE
LFas LTamsT By
TEHEG LTaaaCy LTHOSCOET [THICF LA T B
LTEG2G LTEG 20 LTS 2GOET LTEG2C P LTAEaCT 52
LT 0 L Ta0a T B W
LTE0C L reiGG Lraass e T L FeOGC P Lranes T 6 W
Lrac L TacT B
[TEGAG LTaacy TGOz T LTHIBCF [ramesT v
TS LTEaECY LFEaSCOET [THASCE [FamEssT Bs v
LTEHEG LTaaacy LTaaciET LTHIECF LTamEsT B
L7812 _ _ _ _ LTa12T iz
LrEZG L7 20w Lo 2G0T L7l 2GF Lra e T (K
L7816 LTaIaT 18 W
LFHISG NI NI Lo 5CF Lrai5eT 18 W
L7818 LTaiET a8
LTE1EG L 71 B LTE BGOET LTE1BCP LTa1BST i@
L7 L e T il
L7 0 L ocy LG oE T L i OGP Lrazns T W
I LraaT 24
LTiEas LT acy LT AT LT aCF LrazacT 24
i1 Avalable inTape & Feal with b sl -TH".
—
Ly aza
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L7800 SERIES

Figure 3 : Ripple Rejection

120Hz _‘.Tﬁ

ELECTRIC AL CHARAC TERISTICS OF L7805 {refer to the test circults, T, = -55 10 150°C, V= 10V,
lo= 500 mA, G = 033 uF, Cg = 0.1 pF unless othervise spediad).

& ymbal Farameier Test Conditions Min. Ty Max._ Linit
Ve [Cutpdt vokage T, = 25°C 1] 5 B2 W
W [Cutpat vokage lo=smiwmia Foxigw 45 5 635 | W

W= 8 20
A"l |Line Regulation Wim Tmo25Y T = 25%C 3 b= 1 i
V=012 T, = 25°C 1 =
Vel |Load Reguation [l =8mat 154 T, = 5% 0 | m
o =250 to FEO mA, T, = &5 =
L, [Cuesert Corert T, = 25°C B ks
aly  [ouesent Curert Change [l =S mA o 14 as mé,
= @ bo 26 Y 6T

AVeAT Ut vokage Drik G =6 ma 06 murG
el |Cutput Hose Yolkage B =10Hz to 1008Hz T = 25%C a1 | gl

EWVR  |Zupply Voltage Rejection W= 8w 18Y f= 120 58 dB
Wy Diropout Woltage I =1 4 T;=25% 2 25 W
Ry |Oubput Regstance f=1KHz 17 mik
L. |Sncet Cirout Cumern W= B W T, " e T )
ey  |Ehort Cirout Peak Curent [T, =25%C 13 22 i3 8

071 ad ol B gk Ry o oo o o PRl AL b o TR M. P Pl 0 Wy i D Pt o TR S o 7 PO oo
i rabal . Pulss eating with ke duby oyole i used.
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L7800 SERIES

ELECTRICAL CHARAC TERISTICS OF LTH06 {refer to the test drcults, T, = 5518 150°C, V= 11V,
lg= 500 mA, Cy = 033 uF, Cg = 0.1 pF unless athersise spedied).

Eymbal Farameter Test Conditions Bin. Typ | Max. | Unit
Ve  |OUmRE vokage T, =25C 575 | G | 625 | ¥
Vi [Output vokags [e=5matmis  Paxisw 555 & G35

Vi a2y
AWl |line Regulation Vim 825 T= 35%C & m
Vpm BB 13y T,= 25°C £
AVel*) JLoad Regulation [o=5matis5a T_.- a5C 100 i’
I = 250 to TEImA T,= 25°C £
L, |Cuescert Curert T, =25°C B e,
Ay [Cuescent Current Change [k =5 mA o 14 s mé,
V= Bt 2GY 0a
AT |Outet vokage ik [ic =6 ma a7 murG
el |Output Moes vokage B =10k to 1008Hz Tm 25%C i I TR
EVR  JSupply Voltage Regjection |Vij= S8 18Y f= 120H: &5 di
Wy Oropout Voltage s =14 Ti=25%C 2 25 W
Ry |Cutpst Resstance f=1KHz 14 mik
L. [|Short Sircuit Curment W= Y T =25C 075 12 A
Ly  [Ehort Circuit Peak Curment [T, = 257G 13 22 a3 A

) Lisad anad B regulation ore spadfizd abconstantjune om bempenane. Changes in'g due i Reating effechs mustbe ba ke mints aooaunt
soparabe . Pulee eating with kw duty cyode s wsed.

ELECTRICAL CHARAC TERISTICS OF L7808 {refer to the test crcults, T, = 5510 150°C, vy = 14V,
lg= 500 mA, Cy = 033 uF, Cg = 0.1 pF unless athersise spedied).

& ymioal Parameter Test Conditions Min. Ty Mlax. Linit
Vo |Dumt vokage T, =25C 77 | & | &3 | @
Ve  |Cumt wolage G omam 1A Fgs 150 Th m | e

W= 115023y
AWl |line Regulation Wim 10535y T= 35%C & m
W= 110 17 W Ty= 259 &
Augh) [load Regdation I=Smhto 154 T,= &G 0 | v
|l¢.-25:|h:u?5'.'|rn.ﬁ. T,= &5 ey
Iy Cuiescent Surrent T, =25%C ] mé,
Ay |Suiescent Current Crange |l =5 mi o 14 as mé,
W= 115025y A
AT |Outet vokage ik [ic =6 ma 1 murG
=N |Culet Hoke volage B =10 to 1 00RHz T,= 5% a1 | puiig
EWR  JSupply Voltage Rejection V= 1150215 f= 120Kz vy di
Wy |Dmopout votage [e=18 T =z250C z 25 v
Re  |Output Regstance f=1KHz 16 mik
L. [GhortCrout Corer Y=Y T, =250 o | 12 i
Ly |Enort Crout Peak Cumre [T, =25°C 13 | 22 | a3 | A

£ Lisad arvd e rkatiom oo spafied abcomatant jumet o be mpe na e, Changes in'g dus tohaating ofechs must B bake b asosunt
soparabe . Pulee eating with ke duty cyde i wsed.
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Parts of the Design Prototype

1. LCD Screen

2. Arm Cuff

3. Air Hose

4. Power/Start/Stop Button
5. Mode/Setup Button

6. Up Button

7. Down Button

8. AC Adaptor Slot
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Parts of the LCD Display

1. Systolic Reading

2. Diastolic Reading

3. Hour

4. Minute

5. Month

6. Day

7. Memory Module (A,B,C & D)
8. Memory Location (1-30)

9. Pulse Rate Reading
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Tips before taking a blood pressure measurement

1. Avoid eating, smoking, exercising and bathing for 30 minutes before
taking a measurement. Rest at least 15 minutes before taking a
measurement.

2. Stress raises blood pressure. Avoid taking measurements during stressful
times.

3. Measurement should be taken in a quiet place.

4. Remove tight-fitting clothing from your arm.

5. Seat in a chair with your feet flat on the floor. Rest your arm on a table so
that the cuff is at the same level as your heart.

6. Remain still and do not talk during the measurement.

7. A single measurement does not provide an accurate indication of your
true blood pressure. You need to take several readings over a period of
time. Try to measure your blood pressure at about the same time for
consistency.

8. Wait 2-3 minutes between measurements. The wait time allows the
arteries to return to the condition prior to taking blood pressure
measurement. You may need to increase the wait time depending on your

individual physiological characteristics.
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Procedure in getting blood pressure reading

1.

7.

8.

Wrap the arm cuff into your upper arm well gripped. Be sure to place the
cord a distance of about two fingers above the brachial artery. The grip
should be able to allow at most two fingers be inserted inside the arm
cuff.

Press the power button and hold it for a couple of seconds. The LCD
screen will display 0/0 when you first press the power button.

To start getting the blood pressure reading, press the start button lightly.
Note. After pressing the start button, the device will automatically pump
air into the arm cuff; expect the cuff to get tighter until it reaches around
190 mmHg.

The arm cuff will deflate gradually while the reading in the LCD screen is
decreasing.

The LCD will display the systolic reading, diastolic reading and pulse rate
reading.

After a few seconds display SA will be seen as a sign that readings are
stored in the memory.

After so, remove the arm cuff carefully.

To turn the device off, press and hold the power button.

Note: User may press stop button to discontinue the process of getting the

blood pressure reading.
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Procedure in setting the date and time

1. Press the setup button.
2. The month mode will blink.
3. Press the mode button to select which mode to change such as hour,
minute, month and day.
4. After selecting the mode, use the up and down button to change the
setting.
5. Setting will be saved by pressing the mode button until it goes back to the
month mode and hold for a second.
6. The setting is changed if the mode stops blinking.
Note: Configuring the date and time can only be done before starting the
operation.

Procedure in recalling previous reading

1.

2.

3.

Press and hold the power button.

Press setup button.

The memory location will blink.

Press the mode button to select memory module (A, B, C & D).

The memory module will blink. (A is the default memory module).

Press the up and down button to select from A to D.

After selecting the memory module, press mode button to go back to the
memory location mode.

Press up and down button to view the readings.
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Troubleshooting Procedures

Problems

Causes and Solutions

No Power.
No Display on the LCD Screen.

Get the AC adapter, plug it to the jack
of the prototype then connect it to the
power outlet. Charge the prototype.

There is a display but cannot start the
operation.
The display is dim.

The power of the battery is insufficient,
charge the prototype.

An ‘EE’ error appears after getting
blood pressure measurement.

An accurate reading cannot be
obtained. The arm cuff in under-
inflated. Wait 15 minutes and measure
again. Try loosening the cuff to allow
blood circulation in your arm while
waiting.

The arm cuff does not inflate after
starting.

The tube inside the case is not
connected to the sensor. Connect the
tube properly.

Measurement values appear too high
or too low.

Blood pressure varies constantly.
Review tips before taking blood
pressure.

The LED does not lit up while using the
AC adapter and charging.

The AC adapter is not properly
connected to the jack. Connect the
adapter properly.
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Safety Measures

1.

Do not spill any liquid or insert any foreign objects

Do not spill any liquids or insert any foreign objects into the PSoC
Based Blood Pressure Monitor or the adapter. If any liquids or foreign
objects enter the system, immediately remove the adapter from the wall
outlet. Continued use could cause fire damage to the system.

Do not expose to strong impacts

Do not expose the blood pressure meter to strong impact by
striking the system with other objects, or by dropping it. If the LCD is
damaged, it could cause injury, or if the built in battery pack is damaged
and builds up heat, it could cause burns.

Do not use any adapters other than the one suited to the PSoC Based
Blood Pressure Monitor

Be sure to use the adapter suited to this device. Failure to do such
could cause fire or injury.

Do not use any power source other than household power.
The adapter can only be used with household power (220 Volts),
such as overseas; it could cause fire or injury.

Do not use defective adapter.
Do not use a deformed adapter or one with damaged adapter
prongs. Doing so could cause fire or electric shock.

Insert the adapter prongs fully into the wall outlet.
Insert the adapter prongs fully into the wall outlet. If it is inserted
inappropriately, it could cause fire or electric shock.

Do not damage the adapter itself and cord.

The LCD screen is made of glass. External causes, including striking it with
an object, pushing hard on it or dropping the Blood Pressure Meter could
break it. Take great care when handling it.

Although an LCD screen is made using high precision technology, due to

the characteristics of the LCD, there are some dots that do not light up or
that never turn OFF. However, please take note that this is not a defect.
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