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ABSTRACT

Uninterruptible Power Supply (UPS) are widely used to provide emergency
power to critical loads in case of utility mains failure, and as such constitutes an
essential element in providing back-up power for computer networks,
communication links, biomedical equipment, and industrial processes, among others.
For a microcontroller-based UPS, a full hardware-based UPS are gradually being
replaced by microprocessor or microcontroller-based counterparts, with significant
improvement in ease of design, flexibility of the control software and overall
reduction in development cost. Since a UPS incorporates a relatively large number of
detection, protection and control functions, it is important to develop an organized
approach to the identification and implementation of these requirements. The
purpose of his project is to provide an efficient time management for users to
continue their work with personal computer even though an outage had occurred.
Since this project involves hardware-software co-design, so that knowledge from a
number of engineering disciplines is necessary for arriving at a workable solution.
This microcontroller-based Uninterruptible Power Supply will enable the users to
monitor their current battery level through the installed Liquid Crystal Display. One
of the advantages applying microcontroller for the Uninterruptible Power Supply is
that the system is more reliable in functions compares to the conventional

Uninterruptible Power Supply available in the market.



ABSTRAK

Uninterruptible Power Supply (kemudian dari ini “UPS”) digunakan dengan
meluas untuk menyediakan kuasa kecemasan bagi muatan-muatan kritikal sekiranya
kegagalan punca kuasa, dan oleh itu merupakan suatu elemen yang penting dalam
menyediakan tenaga sokongan untuk rangkaian-rangkaian komputer, hubungan-
hubungan komunikasi, peralatan bioperubatan, dan proses-proses industri, antara lain.
Untuk satu microcontroller-based UPS, keseluruhan hardware-based UPS diganti
secara  beransur-ansur  oleh  microprocessor  atau  komponen-komponen
microcontroller yang setara, dengan pembaikan penting dalam kemudahan reka
bentuk, fleksibiliti perisian kawalan dan pengurangan keseluruhan dalam kos
pembangunan. Oleh kerana UPS merangkumi sejumlah besar pengesanan, fungsi-
fungsi perlindungan dan kawalan, ia adalah penting untuk membangunkan satu
pendekatan yang terancang kepada pengenalan dan pelaksanaan syarat-syarat ini.
Tujuan projek ini adalah untuk menyediakan satu pengurusan masa yang cekap untuk
pengguna-pengguna meneruskan kerja mereka dengan komputer peribadi walaupun
pincang tugas telah berlaku. Projek ini melibatkan perkakasan perisian berasaskan
reka bentuk, supaya pengetahuan daripada sebilangan disiplin kejuruteraan
digunakan untuk tiba pada satu penyelesaian yang praktikal. Microcontroller-based
UPS akan membolehkan pengguna-pengguna untuk memantau tahap bateri semasa
melalui Liquid Crystal Display yang dipasangkan. Salah satu kelebihan
mengaplikasikan microcontroller untuk UPS adalah menghasilkan satu sistem
dengan fungsi-fungsi yang lebih dipercayai berbanding UPS konvensional yang

didapati di pasaran.



CHAPTER 1

INTRODUCTION

1.1 Background

As the general population continues to grow, there is an ever-increasing
demand for electricity placed on the world’s power-generation and distribution
facilities. Although significant measures are taken to ensure a reliable supply of
electric power, the significant demand for power increases the likelihood that power
outages and other electrical disruptions such as brownouts will occur. UPS that
currently existed offer users extended periods of backup power during which they
can continue to use electronic equipment such as a personal computer. However, this
UPS only provide a minimal voltage regulation and filtering for disturbance
occurred. Further, most UPS equipped with microcontroller for monitoring and
display are much expensive than the standard available UPS in the market as the
application of microcontroller will provide a wide range of application in term of
programming and hardware controls. The purpose of this project is to design a UPS
that manages to act as an emergency power supply to critical load and also equipped

with microcontroller programming for UPS monitoring system.



1.2 Project Objective

There are two objectives need to be taken while designing a Passive Stand-by

Microcontroller based UPS which is

(1)

(i)

To design and built a microcontroller-based UPS which be able to
realize a few number of detection, protection and control functions
within the UPS.

This UPS should able to display the UPS current battery level through
the installed LCD and provide an indicator to warning for critical

battery.

1.3 Project Scope

This project consists of three scopes that have been taken into research and

experiments. These scopes are

(1)

(i)

(iif)

Regulated DC power supply system; as for the input for the charging
system and control functions within the UPS since -electronic
components operates in DC voltage.

Charging system; for UPS battery to maintain the maximum power
capacity and perform battery charge and discharge function
automatically according to battery capacity.

Monitoring system; to provide information of the UPS in term of
battery capacity and UPS status during the availability of utility

source and blackout.



14 Problem Statement

In order to build the project, several goals need to be considered in order to
fulfill the objectives of the desired UPS. Beside be able to provide a backup power to
critical load in the event of a power outage, it also should be able to limit the
duration of backup power needed to a suitable length to permit a user to save
unsaved data and properly shut down. One of the project main goals is to provide
information for user about the backup battery and status of the UPS during power

outage by applying a microcontroller application.

A charging circuit also needs to be built for this project which is to charge a
12V DC for the backup battery. This circuit will perform a charge and discharge
ability automatically for the UPS battery in order to maintain the performance of the
battery during outage. In order for UPS to able to display the information during
operation, an LCD module needs to be installed and designed according to the
desired application of the project. This application will involve integration with
microcontroller and software design for LCD to operate. A proper select switch also
need to be determined in order to isolates the load from utility power and switches it
to UPS. The selected switch should be able to return the load seamlessly to the utility

in the event power is restored before the expiration of backup power occurs.

A few constraints arise during the building process of the microcontroller-
based UPS. The main problem need to taken care was transferring the load from
utility power to backup power upon the occurrence of a power outage and to
synchronize the output of the backup power and the utility power approximately
match to each other to minimize the effect on the load stemming from significant
output difference. This is the main characteristic for general UPS in providing an
emergency power to the load without having disruption during DC to AC voltage

inverter process.



1.5 Design Analysis

From the perspective of the overall UPS system, the first design step was to
understand the passive standby topology for UPS in term of their advantages and

disadvantages. The topology is shown below in Figure 1.1.
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Figure 1.1 Passive-standby, or off-line UPS topology.

Basically, the passive-standby UPS supplies the AC input voltage directly to
the load when it is available, bypassing the backup power portion of the UPS. When
a disruption of the AC input voltage occurs, the DC voltage waveform from the
battery is inverted by an inverter into an AC output voltage waveform approximately
the same as that of the AC input voltage. A transfer switch is provided to selectively
control which AC output voltage waveform is delivered to the load: the AC input

supplied by the utility, or the AC output waveform from the inverter.

The passive-standby UPS offers the advantages of a simple design, relatively
small size and low cost. However isolation of the load from the upstream distribution
system and line power is limited at best, and should only be used for applications
with power ratings less than 2 kVA. And for critical loads such as corporate
computer centers, medical applications and telephone exchanges, the time required to
transfer the load from line power to that from the inverter can be unacceptably long.
And while the passive-standby UPS offers suitable protection from loads like home

computers, there is no output voltage or output frequency regulation.
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CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

During the last decades UPS system had undergone several major changes
due to benefits from the developments in power semiconductor devices,
microprocessors, maintenance free sealed lead acid, and improvements in control
techniques. Thus, it has become one of the fastest growing fields of power
electronics. UPS provides emergency power to critical loads in case of utility mains
failure, and as such constitutes an essential element in providing back-up power [1]
for computer networks, communication links, biomedical equipment, and industrial

processes, among others.

Full hardware-based UPS are gradually being replaced by microprocessor or
microcontroller-based counterparts, with significant improvement in ease of design,
flexibility of the control software and overall reduction in development cost. Since a
UPS incorporates a relatively large number of detection, protection and control
functions, [2] it is important to develop an organized approach to the identification

and implementation of these requirements.
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2.2 System Approach

Figure 2.1 illustrate a generic top-down system approach in designing this
project. Starting from the given specifications, the fundamental problems that need to

be solved are identified.

Specifications

Problem Definition

!

Functional Requirements

!

Design Alternatives

}

Design Solution

|

Implementation

Testing and Evaluation

Figure 2.1  System Approach

L J

The problems available then further explored and decomposed into
progressively more detailed functional requirements that need to be implemented.
Next, the thorough analysis of the design alternative for both hardware and software
modules needs to be carried out. Thus, the proposed design should be justified

according to predefined criteria such as functionality, size and facility of the UPS.
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Each facility has unique requirements for emergency and standby power.
These requirements include the reliability of the prime power source, the nature of

the work done, local and state regulations governing emergency power, etc [3].

Since the present application involves the use of hardware and software
components, the designer should be able to translate the functional requirements into
an algorithm development, as well as circuit design schematics that reflect the
proposed solution. An important aspect of the implementation stage is the
identification of the hardware and software platforms that will support the final
design. These involve the judicious choice of hardware components and
programming language for coding the developed algorithm. This results in increased
integration and lower system cost. Digital control also brings the advantages of
programmability, immunity to noise, and eliminates redundant voltage and current
sensors for each controller. With fewer components, the system requires less

engineering time, and it can be made smaller and more reliable [4].

Testing and evaluation aim at both verifying the performance of the
implemented system against specifications, as well as confirming the validity of the
initially defined problems. Any mismatch in the validation and verification processes
should be corrected by modifying the problem definitions, introducing new system

requirements, considering other design alternatives, or refining the existing solution.

2.3  Passive Stand-by UPS Design

A block diagram of the passive stand-by UPS, which provides the essential
functions of power conditioning and power back up, is shown in Figure 2.2. Power
conditioning involves the suppression of the effects of line disturbances, typically
over-voltages, blackouts, brownouts, spikes, surges and electromagnetic interference.
They are designed to provide clean and continuous power to the load under

essentially any normal or abnormal utility power condition [4]. Back-up power
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coverage is necessary for providing continuous power flow to the critical load, when

the utility mains cannot reliably supply the load.
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Figure 2.2 Block Diagram of Passive Stand-by UPS

In this case, power is delivered to the load by the auxiliary source of energy,
through the power converter stage. Development of the overall system calls for
expertise in various areas of electrical engineering, namely power electronics,
electronic system design, circuit theory, microcontroller programming and

interfacing, and instrumentation.
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24 Problem Definition and Functional Requirements

Figure 2.3 illustrates the functional requirements in the development of the
UPS system. The designer is confronted with two fundamental problems, namely
providing continuous power to a critical load, such as a PC, and suppressing the

effects of disturbances on the power lines between the supplies and the load.

Continuous power flow implies the need for a secondary energy storage
device to replace the utility mains in case the latter fails. Energy taken from the
secondary source is replenished from the mains when the latter is restored. The UPS
continues to operate on battery power for the duration of the backup time or, as the
case may be, until the AC-input supply voltage returns to within the specified
tolerances, at which point the UPS returns to its normal mode [5]. Hence, a power
interface is necessary between the AC supply and the back-up source. Moreover,
power flow needs to be controlled from the secondary source so as to match the load

requirements in terms of output voltage, current and frequency.

On the other hand, power-conditioning elements are necessary for
overcoming the possible disturbances present on the lines feeding the critical load.
The UPS as specified generates a clean, well-regulated AC output; the voltage
specifications are set by the UPS and computer manufacturer. The UPS output
voltage regulation is typically +/- 1% of the nominal value, and the total output

voltage harmonic distortion (THD) should not exceed the 5% voltage distortion limit

[6].

These elements have to take into account the types of disturbances that need
to be overcome in the present system from the given specifications. Hence, one
fundamental requirement for this function is the continuous monitoring of current
and voltage on the power lines at points where protection is to be offered, thus

implying the need for sensors and interface circuitry to the microcontroller.
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Figure 2.3  Functional Requirements for UPS System

2.5 Design and Implementations

Once the functional requirements of the UPS system have been established,
the design alternatives at each stage can be identified. For instance, a battery set and
a capacitor bank stand as possible candidates for implementing the auxiliary energy
source. The type of UPS required and the recharge time of the battery selected
determines the size (current capability) of the battery charger. The battery charger
should be sized to deliver sufficient power to drive the inverter at full load, recharge
the battery in prescribed time period and supply any required DC load [7].However,
for the specified UPS autonomy time, the use of a 12 V sealed type battery represents
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a more economical solution for providing a controlled shutdown of the load in the

event of a mains failure.

For this project, an external inverter is used. A static inverter will provide a
much higher performance for the UPS in term of output voltage regulation and
filtering. Besides, most of the static inverter available in the market today equipped
with process control computer, automation equipment, data transmission equipment,
supervisory control system and any equipment sensitive to voltage fluctuations [8]

which is much more reliable for UPS voltage regulation and filtering.

The AC input line is continuously monitored for detecting blackout condition
for the facility. The load is transferred to the battery bank via transfer switch TI as in
Figure 2.4 when the input from AC source is no longer available. When that happens,
the transfer switch must operate to switch the load over to the battery / inverter
backup power source (dashed path) [9]. In case the battery is not sufficiently charged

to supply the load during a mains failure, uncontrolled shutdown will occur to UPS.

mput |_ ¢ :
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Figure 2.4  Implemented UPS Block Diagram
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2.6 System Integration and Testing

A modular approach is also used in the testing phase of the implemented
system. Tests are performed at three levels, namely on the hardware modules, the
software components and the final embedded system which integrates the hardware
and software. To avoid damage to the microcontroller, the detector circuits connected
to the AC input lines are tested separately to verify the output logic levels and

electrical isolation.

The AC to DC converter and DC to AC inverter are initially tested with
laboratory based experimental trigger modules to confirm reliable operation of each
power circuit. Next, the software modules developed for the UPS control are tested
by emulating each detector output signal as logic levels on the microcontroller

interrupt lines, and verifying the controller output for each input combination.

The generation of trigger input for triggering the select switch of the battery
charger and utility power can thus be checked. The microcontroller interface,
detector and power circuits are finally integrated and the operation of the overall

system is verified against the specifications and functional requirements.
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CHAPTER 3

METHODOLOGY

3.1 Introduction

Uninterruptible Power Supply (UPS) are widely used to provide emergency
power to critical loads in case of utility mains failure, and as such constitutes an
essential element in providing backup power for computer networks, communication
links, biomedical equipment, and industrial process, among others. For this project,
the UPS will consist of four main parts in order to operate which are regulated DC
power supply, charging system, select switch, control system and monitoring system
to isolate load from utility power during outage. The operation of the UPS was

designed as a flow chart in Figure 3.1 for a better understanding about this project.

From Figure 3.1, during the normal mode when the utility power is available,
the load will be supplied directly from the utility power. At the same time, the small
amount of AC utility power will be converted to DC power in order to charge the
UPS battery. This conversion will be done by a rectifier bridge designed for the
battery charging circuit.

When an outage had occurs, the select switch within the UPS will isolate the

load from the utility power and switches it to UPS battery as a backup power sources.
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As the load been switched to UPS, LCD module will be needed in order to monitor
the power of the UPS battery and also to display the status of the UPS during the
operation through the PIC programming.

The backup power will provide a sufficient time for user to continue their
work before safely power down the load. When UPS battery had reached the critical

value, uncontrolled shutdown will occur to the load as the battery weakened.
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Figure 3.1  UPS System Flow Chart
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3.2 Regulated DC Power Supply

The regulated DC power supply is needed in this project to provide the
necessary DC voltage and current with low level of ripple and with stability and
regulation as a charging voltage for DC rechargeable battery. There a various method
of achieving a stable DC voltage from AC mains and the one applied in this project
is a linear voltage regulator method. Figure 3.2 shows the block diagram of regulated

DC power supply.

POSITIVE
REGULATOR

TRANSFORMER

o
+ | sTEP.DOWN RECTIFIER FILTER
—»

Figure 3.2  Block Diagram of Regulated DC Power Supply

From Figure 3.2, transformer will be needed as this component will work
with alternating current and are used to transform or change alternating voltage up or
down. For this purpose, a step-down transformer was applied in order to reduce the

main 240AC voltage to a desired AC voltage based on the battery charging circuit.

In designing a regulated DC power supply, a transformer is often used to
couple the AC input voltage from the source to rectifier circuit. Transformer
coupling provides two advantages which are to allow the source voltage to be
stepped up or stepped down as needed and to isolate the AC power source

electrically from the rectifier circuit, thus reducing the shock hazard.

The rectifier circuit will convert the AC input voltage to DC pulsating voltage.

The full-wave rectifier is the most commonly used in DC power supplies.
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Figure 3.3  Full-wave Bridge Rectifier during Positive Half-cycles of the Input.

The full-wave bridge rectifier uses four diodes, as shown in Figure 3.3. When
the input cycle is positive, diodes D; and D, are forward-biased and conduct current

through R;. During this time, diodes D3 and D, are reverse-biased.

When the input cycle is negative as in figure 3.4, diodes D; and Dy are
forward-biased and conduct current in the same direction through R as during the
positive half-cycle. During the negative half-cycle, D; and D, are reverse-biased. A

full-wave rectifier output voltage appears across Ry as a result of this action.

Dy

Figure 3.4  Full-wave Bridge Rectifier during Negative Half-cycles of the Input
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In order to build rectifier circuit for this project, a 1N5402 General Purpose

Rectifier Diode was applied in this project as in Figure 3.5.

Figure 3.5  1N5402 General Purpose Rectifier Diode as a Full-wave Rectifier
Bridge

A power supply filter ideally eliminates the fluctuations in the output voltage
of the rectifier and produces a constant level DC voltage. The 120Hz pulsating

output of a full-wave rectifier must be filtered to reduce the large voltage variations.

Vin

Full-wave [m . v
Filter out
oV (v\ Rectifier oV ! OO

o— |

Figure 3.6  Power Supply Filtering

Figure 3.6 illustrates the filtering concept showing a nearly smooth DC
output voltage from the filter. The small amount of the fluctuation in the ripple

output voltage is called ripple.

A 36VA step-down transformer was applied in this project in order to obtain
a 16.97VDC. The DC output produce by the Full-wave Bridge as in Figure 3.5 is not
a stable DC voltage thus needs to be filtered. A 6800uF electrolyte capacitor had
been applied as a filter in this project thus producing a smooth and linear DC voltage

as in Figure 3.7.
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Figure 3.7 A 17.5V DC output from 6800uF electrolytic capacitor filter

Figure 3.7 shows the result from the oscilloscope where the transformer
actually generates 17.5VDC instead of 16.97VDC. This happen as the actual output
from the transformer was 12.375VAC compares to 12VAC from the transformer’s
specification. From the figure we can see a fine DC output voltage obtained by the

application of electrolytic capacitor filter.

For the positive regulator in block diagram of Figure 3.2 above, it can be
applied either by using discrete circuit which is constructed using feedback transistor
to get a voltage regulator or by using IC types of voltage regulator which will save
much time and cost involved. For this project, an IC type of voltage regulator had
been chosen as it will provide a fixed positive output. The available output voltages

are given in Table 3.1.

As the 12V rechargeable battery will have a higher float voltage than 12V, a
7815 voltage regulator IC will be selected for the project as the 15V value later on
can be drop to the desired value of the battery float voltage. The output voltage of the
7815 voltage regulator IC is shown in the Figure 3.8. Figure 3.8 shows the value of
14VDC instead of 15VDC according to the applied circuit configuration.



Table 3.1 Output Voltages for 78xx Series Voltage Regulator

TYPE NUMBER OUTPUT VOLTAGE
7805 +5V
7806 +6V
7808 +8V
7800 +OV
7812 +12V
7815 +15V
7818 +18V
7824 +24V

Figure 3.8  charging circuit initial output

33 Charging System

24

A bank of battery is invariably used in every UPS system as a reserved DC

power source. The batteries are normally a secondary type which means these are

electrically rechargeable. In order to build a charging system for the rechargeable
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battery, the specification of the battery need to be considered in order to preserve the

battery performance even with continuous charging process.

For UPS application, the choices are between two battery types namely the
wet and gelled cell batteries. The wet batteries are available in two types; lead acid
and nickel cadmium batteries. For this project, a gelled lead acid battery has been
chosen due to their low cost, reliability, and excellent performance in characteristics
in float application. The gelled lead acid chosen for this project was a BB
Maintenance-Free Rechargeable Sealed Lead Acid Battery as in Figure 3.9.
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Figure 3.9 BB Maintenance-Free Rechargeable Sealed Lead Acid Battery

Lead acid battery can be charge manually even with a commercial power
supply featuring voltage regulation and current limiting. This process can be done by
connecting the battery to the power supply that is set to deliver same voltage as the
battery can hold when it is fully charge. This procedure is called float voltage and it
will charge the battery until it is fully charge and would not overcharge the battery.

Even though this procedure can perform as a charging system, the battery will
slowly sulfate if it was leave on float forever. That is why specification of the battery
needs to be considered in order to preserve the battery performance even with the
continuous charging process. From the specification of the battery, the required

charging time is different for each condition of the battery as in Figure 3.10.
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From Figure 3.10, the charging characteristic for the battery is different for
100% (0.05CA x 20h) and 50% (0.05CA x 10h). For each characteristic, the charge
volume increase proportional with the charge voltage until the charge voltage reach
the battery maximum value which is about 13.7V and about 115% charge volume. At
this point, the value of charge current is constant about 0.1CA. Then, the charge
current value will slowly decrease as the charge volume slowly increases to reach the
maximum charge voltage which is 13.7V. This value is the maximum voltage the
battery can hold when it is fully charge. It is important to consider this characteristic
while building charging circuit so the battery will have a longer lifetime and perform

with optimum performance.

BATTERY CHARGING CHARACTERISTICS

(Typical example ofthe charge characteristicsfor the standbyuse)
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Figure 3.10 Battery Charging Characteristic

For this project, a reliable charging circuit needs to be designed to preserve
the performance of the battery. Figure 3.11 shows the circuit diagram of the high
performance charger for gelled-electrolyte lead acid battery as for this project we are
using BB Maintenance-Free Rechargeable Sealed Lead Acid Battery as in Figure 3.9.
This circuit performs the charge and discharge process automatically according to the

battery capacity.
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Figure 3.11 Charging Circuit

From Figure 3.11, initially, charging current is limited to 2A. As the battery
voltage rises, current to the battery decreases and when the current had decreases to
150mA, the charger switches to a lower float voltage which prevents overcharge.
When DC input from the filtered full-wave rectifier bridge was available, the output
of the charger to 12V battery goes to 14.0VDC as in the Figure 3.8. As the battery
approaches full charge, the charging current decreases and the output voltage is
reduced from 14.0VDC to about 12.0VDC terminating the charging. Transistor
2N2905 the light the LED as a visual indication of full charge.

34 Select Switch

A select switch is used to automatically select between two power sources to
power a load. In this project, the two power sources will be the 12VDC rechargeable
battery and the utility power supply from the socket outlet. For this UPS, a SONGLE
SRD 12VDC SLC relay is used as in Figure 3.12.
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This relay can provide a maximum 10ms operation time and maximum Sms.
This will allow a sufficient time to transfer from one source to another with no
interruption of power to the load supplied by the switch output. For a better and
higher select switch switching frequency, an Insulated Gate Bipolar Transistors
(IGBTs) can be applied for this project instead of a mechanical relay used in this

project.

Figure 3.12 SONGLE SRD 12VDC SLC Relay

3.5 Control System

This section will explain the control system applied in the project in order to
provide a monitoring ability for the UPS. For this application, a microcontroller had
been selected as the control function within the UPS can be designed by
programming. This feature will increase the efficiency of the control system and

reduce the cost for the project.

The block diagram for the complete system is shown in Figure 3.13. From
Figure 3.13, microcontroller will obtain input from battery and select switch in order
to perform monitoring function within the UPS. The input from battery will be
mounted to the Analog to Digital Converter input pin of the microcontroller. This
input pin enables the microcontroller to perform battery level monitoring as the input

of the battery interpreted in digital form.



29

The input from the select switch will be needed to monitor the status of the

UPS. With this input, the UPS will be able to monitor whether the input for the load

is from utility power or backup battery. This information will be displayed through

the LCD module of the UPS for user to prepare and save data of the load.

FULL
LED

ACIV |

4

o

Surge
Protection
I
AC/DC
Conversion
v
Voltage Select
Regulation Switch
Charging LCD Micro-
Circuit Module controller
| |
Battery or
Output

Load

Figure 3.13 Complete System Block Diagram

For this project, a PIC microcontroller had been chosen as it applies Harvard

Architecture compares to Motorola 68HCI11 which applies Von Neumann

Architecture. The advantages of Harvard Architecture over Von Neumann

Architecture is that Harvard Architecture uses separate memories for program and

data with their independent address and data buses as in Figure 3.14.
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CPU

Data Program
Mamory Mamaory

Figure 3.14 Harvard Architecture

Because of two different stream and addresses in Harvard Architecture, there
is no need to have any time division multiplexing of address and data buses. Not only
the architecture supports parallel buses for address and data, but also it allows a
different internal organization such the instruction can be pre-fetched and decoded
while multiple data are being fetched and operated on. Further, the data bus may
have a different size than the address bus. This allows the optimal bus widths of the

data and address buses for fast execution of the instruction.

In Von Neumann Architecture, programs and data share the same memory
space. Figure 3.15 shows the Von Neumann Architecture. Von Neumann
Architecture allows storing or modifying the programs easily. However, the code
storage may not be optimal and requires multiple fetches to form the instruction.
Program and data fetches are done using time division multiplexing which affects the

performance.

‘\

Mamaory

Figure 3.15 Von Neumann Architecture

Figure 3.16 shows the circuit connection for PIC16F877A. As for pin 2 RAO
PIC16F877A which is ADC input, the pin was connected to the positive terminal of
the 12V UPS rechargeable battery in order to monitor the value of the battery. To do
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this, the input from rechargeable battery needed to be stepped down in order to avoid

any damage to the PIC microcontroller.

As the standard input for PIC microcontroller is around OVDC-5VDC, a
voltage divider had been applied in order to achieve the PIC microcontroller standard
input. As the SVDC input to PIC will represent the value of 12VDC rechargeable
battery, a precise measurement need to be taken in designing a voltage divider. Most
of the resistor available in the market is not accurate to the actual value displayed by
their colour band. A digital multimeter was applied in order to measure the actual

value of the resistor for the voltage divider.

Pin 35 RB2 for PIC16F877A in Figure 3.16 is for input to microcontroller
from the utility voltage. When outage occurs, the input for pin 35 RB2 will be ‘0’
thus by microcontroller programming it will display a ‘UPS Mode’ state on the LCD
module. If there is an input from utility voltage to pin 35 RB2 microcontroller, the

input for pin 35 RB2 will be ‘1’ thus displaying a ‘Charging ON’ state on the LCD.
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Figure 3.16 PIC16F877A Circuit Connection
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3.6 Monitoring System

For the UPS monitoring system, it includes PIC for monitoring programming
and LCD module to display the information of the UPS through the PIC monitoring
programming. The flow chart of the monitoring programming is shown in Figure

3.17.
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Figure 3.17 Monitoring Programming Flow Chart

From Figure 3.17, when the PIC is started it will receive an input from ADC
in term of voltage value varied from OV to 5V. This value will represent the value of

the UPS battery which is from OV to 12V. The value then will be converted to
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decimal value and it is varied from 0 to 255 to its maximum depending on the value
of UPS battery. From decimal value, the percentage of the battery capacity can be
calculated through programming and display to LCD module.

LCD module had become an essential device in this project compares to
conventional UPS in order to view and display information about the battery level
and UPS status. Figure 3.18 shows the typical LCD module connection applied in
this project. To apply the LCD, this module needs to be integrated with PIC

microcontroller.

PIC is a powerful microcontroller that can handle integrated systems yet it is
still lack of a display that could provide information especially dealing with ADC
where the quantization numbers produce need to be determined practically and being
illustrated as desire. In this project, microcontroller PIC16F877A had been applied

and the connection of the microcontroller is shown on Figure 3.16 before.
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Figure 3.18 LCD Module Connection

From Figure 3.17, pin 3 of LCD is connected to a 20K potentiometer. This
will provide a control for an LCD character contrast. The brightness of the character
need to be adjusted gradually as PIC and LCD module supply voltage are using a
standard 9VDC commercial battery thus the LCD brightness will decrease as the



34

value of the 9VDC battery decrease. By adjusting the potentiometer, the optimum
contrast can be achieved even though the value of the supply voltage decreases.
Monitoring programming also should be able to detect the availability of
input from utility source. This feature will monitor the status of the UPS whether it is
in ‘UPS Mode’ or backup power, or ‘Charging ON’ which is the UPS battery is

under charging condition.
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CHAPTER 4

RESULTS AND DISCUSSIONS

4.1 Introduction

This chapter will briefly discuss on the results and discussions of the project
development. There are four major modules in developing the hardware structure of
the UPS which is to design an AC to DC rectifier, build a charging circuit to charge a
12V DC for backup battery, install an LCD module for UPS and to determine the
select switch in order to isolates the load from utility power and switches it to UPS in
case outage had occur. All these modules will be combined in order to produce a

complete design for Microcontroller-based Passive Standby Uninterruptible Power

Supply.
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4.2 UPS Charging Process

This project should be able to charge backup battery during the availability of
utility power. This process was monitored by applying a digital multimeter to sense
voltage changes during the availability of utility supply and without input from
utility supply.

From Figure 4.1, the initial value of battery was recorded before the charging
process with the designed charging circuit. We can see the initial value of the battery

was 11.86V from the LCD of digital multimeter.

Figure 4.1  Battery value before charging process

When the utility power from the wall socket was plugged in and turned on,
the voltage of the battery arise as in the Figure 4.2 from the value before. The battery
value will increase until the battery approaches full charge. The circuit will terminate
the charging process and transistor will light LED to prevent over charge to the

battery.
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Figure 4.2  Battery value as charging process occurs

When DC input from the filtered full-wave rectifier bridge was available, the
output of the charger to 12V battery goes to 14.0VDC as in the Figure 4.3. As the
battery approaches full charge, the charging current decreases and the output voltage
is reduced from 14.0VDC to about 12.0VDC terminating the charging. Transistor
2N2905 from circuit in Figure 3.11 will light the LED as a visual indication of full

charge.

S ASUEL

Figure 4.3 A 14.0V charging circuit initial output

The mode of the UPS during the utility power available and outage was
displayed by the LCD Module. When outage occurs, the input for pin 35 RB2 in
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Figure 3.15 will be ‘0’ thus by microcontroller programming it will display a ‘UPS
Mode’ state on the LCD module as in Figure 4.4. If there is an input from utility
voltage to pin 35 RB2 microcontroller, the input for pin 35 RB2 will be ‘1’ thus
displaying a ‘Charging ON’ state on the LCD as in Figure 4.5.

Figure 4.4  UPS Mode Display

Figure 4.5  Charging ON Display

4.3  UPS Testing and Characteristic

Several tests had been done for the UPS in order to examine the functionality
within the UPS. All the testing had involved the application of control hardware
installed to the UPS and the functionality of microcontroller programming. This test
is necessary in order to detect any faulty and error might arise in hardware before

applied to any application. All the testing results are shown on Table 4.1.
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Table 4.1 UPS Testing and Characteristic
No. Test Result
1 | Input voltage to the load i.  240VAC supply directly from utility
during availability of supply
utility supply ii.  LCD displays ‘Charging ON’.
2 | Input voltage to the load i.  12VDC from the backup battery.
during outage ii.  The value of 12VDC will be mounted to
inverter to produce 240VAC equal
utility supply.

iii.  LCD displays ‘UPS Mode’.

3 | Full Charge Indicator i. LED automatically turned on by
transistor 2N2905 as charging process
terminated.

4 | LCD ON/OFF Switch ii.  LCD Module successfully turned on and
off with 5VDC input.

5 | LCD Contrast Adjuster i.  Potentiometer voltage input varied from
minimum to maximum with the value
OV to 5V.

ii. LCD contrast reduced as the
potentiometer varied from maximum to
minimum.

6 | LCD Backlight i.  Initially N/O switch will open state

il.

turning off LCD backlight.

When N/O switch was pushed, switch in
close state supplying 5VDC input to
LCD backlight.
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4.4 UPS Efficiency and Percent Load

UPS efficiency varies with the amount of active power being supplied to a
load and tends to decrease steadily at parts loads. UPS efficiency curves are usually
relatively flat between loads of 50% and 100%, but decrease steadily below 50% and
precipitously below 20%. The efficiency of the UPS can vary by 7 to 12 percentage
points depending on whether it is partly or fully loaded. The lower efficiency at part
loads can result significant conversion losses compared to the same UPS operating at
close to full load. Figure 4.6 illustrate a typical load curve of a UPS on the current

data set obtained by the visual measurements from LCD module display.
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Figure 4.6  Typical UPS Efficiency Curve

Therefore, from the observation, knowing the efficiency of a UPS at loads is
extremely important in estimating real energy use. As the Figure 4.6 above shows,
efficiency tends to flat between loads of 50% and 100%, but decrease steadily below
50% and precipitously below 20%, so understanding the behavior of the efficiency
curve at these loads is crucial to making accurate estimates of energy use and

operational costs.
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CHAPTER 5

CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

One of the major goals of microcontroller-based UPS was to design an
effective and reliable UPS compares to UPS available in the market nowadays by
applying microcontroller advantages. This project can be considered as achieving its
objective even though the application of PIC16F877A is not fully being applied as it
manages to act as an emergency power supply to critical load and also equipped with

microcontroller programming for monitoring system.

5.2 Recommendations

There are several ideas can be taken into consideration in order to maximize
the microcontroller-based passive stand-by UPS. One of the major improvements is
in designing the programming for the PIC16F877A microcontroller. Several other

controllers can be added in order to improve the reliability of the UPS such as by
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applying an audio device as an UPS indicator and also by performing calculations for
displaying other variable on the LCD such as timer, voltage and also other
monitoring variable. This will increase the efficiency and reliability of current

monitoring system.

In order to improve UPS switching time for a more critical load, other type of
select switch can be considered beside a relay such as an Insulated Gate Bipolar

Transistors (IGBT) which will provide a much higher switching frequency.

Most of the UPS available in the market can provide power for long enough
to save work and safely shutdown for personal computer. For this project, 12V
2.3AH backup battery capacity can be upgraded to maximize the time for user to
continue working with critical load. By upgrading the backup battery, the voltage
divider for microcontroller ADC input also needed to be modified in order to match

with the battery capacity and monitoring readings.

Even though this UPS apply a static inverter for DC to AC conversion, most
of the UPS apply an internal inverter for their conversion for convenience. This type
of UPS can only provide a minimal disturbance correction and filtering during
conversion compares to commercial static inverter. However, the static inverter in
this project also can be replaced with an internal build inverter for convenience. In
order to improve the performance for this internal inverter, microcontroller
programming can be applied in order to apply a power conditioning elements. This
feature needs a continuous monitoring of current and voltage on the power lines at
points where protection is need to be offered, thus implying the need for sensor and
interface circuitry to the microcontroller. Development for this design and
recommendation calls for expertise in various areas of electrical engineering, namely
power electronics, electronic system design, circuit theory, microcontroller

programming and interfacing, and instrumentations.
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system, charging system, control system and monitoring system. As discussed in
chapter 3, the project development consist of 4 systems but costing of the whole
project is surely depends of the electronic circuit which is the hardware of the project
and modeling of the project. Table 5.1 shows the overall cost for the regulated DC
power supply system, Table 5.2 shows the overall cost for charging system, Table

5.3 shows the overall cost for Monitoring system and Table 5.4 shows the overall

Costing & Commercialization

cost for project supportive equipments.

The overall cost for this project based on the regulated DC power supply

Table 5.1 List of Regulated DC Power Supply System

No. Item Specification Quantity Price Per Total

Unit (RM) (RM)

1 Transformer 12V 36VA 1 30.00 30.00

2 | Rectifier Diode IN5402 4 1.00 4.00

3 Fuse 4A250V 1 1.50 1.50

4 Fuse Casing Plastic 1 0.50 0.50

5 Electrolytic 6800 pF 1 12.00 12.00
Capacitor

6 Voltage LM350 1 1.50 1.50
Regulator

7 Heat Sink For LM350 1 4.50 4.50

8 Plug Cable 2 Pin 1 3.50 3.50

Total 57.50
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Table 5.2 List of Charging System
No. Item Specification Quantity Price Per Total
Unit (RM) (RM)
1 Resistor 500 ohm 1 0.10 0.10
1/4W
2 Resistor 3 kohm 1/4W 1 0.10 0.10
3 Resistor 1 kohm 1/4W 1 0.10 0.10
4 Resistor 15 kohm 1 0.10 0.10
1/4W
5 Resistor 230 kohm 1 0.10 0.10
1/4W
6 Resistor 15 kohm1/4W 1 0.10 0.10
7 Resistor 0.20hm 10W 1 0.10 0.10
8 Ceramic 0.1uF 25V 1 0.15 0.15
Capacitor
9 Electrolytic 1uF 25V 1 0.30 0.30
Capacitor
10 Ceramic 1000pF 25V 1 0.15 0.15
Capacitor
11 Diode 1N457 1 0.50 0.50
12 | PNP Transistor 2N2905 1 1.00 1.00
13 Op Amp LM301A 1 7.00 7.00
14 IC Base 8 Pin 1 0.20 0.20
15 Board Independent 1 8.00 8.00
16 Clip Alligator 1 3.00 3.00
17 SLA Battery 12V 2.3AH 1 35.00 35.00
Total 56.00
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Table 5.3 List of Monitoring System
No. Item Specification Quantity Price Per Total
Unit (RM) (RM)
1 | Microcontroller | PIC16F877A 1 25.00 25.00
2 IC Base 40 Pin 1 0.40 0.40
3 Potentiometer 10 kohm 1 0.60 0.60
4 Voltage LM7805 1 1.00 1.00
Regulator
5 Battery Snap oV 1 0.30 0.30
6 Battery A% 1 4.50 4.50
7 Capacitor 22pF 2 0.10 0.20
8 Crystal 4Mhz 1 2.00 2.00
Oscillator
9 LCD Display 2x16 1 30.00 30.00
10 IDE Cable 20 Input 1 7.00 7.00
Total 71.00
Table 5.4 List of Supportive Equipments
No. Item Specification Quantity Price Per Total
Unit (RM) (RM)
1 | Wrapping Wire 10 m 1 17.00 17.00
2 Stand 1 inch 4 1.00 4.00
3 Casing 8inchx 5.8 1 12.00 12.00
inch x 3 inch
4 Switch On/Off 1 0.50 0.50
5 Switch N/O 1 0.20 0.20
Total 33.70
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The total cost for project management is RM 217.70. This total cost is not
including the cost for the static inverter as it is already prepared by the University for
the Project Demonstration and the price for static inverter is RM 180 and above
based on the functions provided by the inverter. Thus the total cost of this project for
commercialization will be RM 397.70 and above in order to support an AC loads.
This price will receive a market price competition with other UPS manufacturer as
the basic UPS in the market without microcontroller priced around RM 300. A
further research needed to be conducted in order to reduce the price and

commercialization for the project in the future.
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Project Hardware
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APPENDIX B

PBasic Programming
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"* Name : MONITOR.BAS
"* Author : Nik Mohamad Anis

*

"* Notice : Copyright (c) 2008 [select VIEW...EDITOR OPTIONS] *

"* : All Rights Reserved
"* Date :3/29/2008
'"* Version : 1.0

"* Notes

1%
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' Connect analog input to channel-0 (RAO0)

' Define LCD registers and bits
Define LCD DREG PORTC
Define LCD DBIT 4
Define LCD RSREG
Define LCD RSBIT 1
Define LCD EREG PORTB
Define LCD EBIT 3

Define LCD_LINES 2

Define LCD_ COMMANDUS 50000

PORTB

' Define ADCIN parameters
Define ADC BITS 8
Define ADC CLOCK 3
Define ADC_ SAMPLEUS 50

adval var word
sample var word

samples var word

'LCD data port @ PORT C

'LCD data starting bit O or 4

'LCD register select port @ PORT B
'LCD register select bit

'LCD enable port @ PORT B

'LCD register enable bit

'Number lines on LCD

' Set number of bits in result
' Set clock source (3=rc)

' Set sampling time in uS

' Create adval to store result
' Create sample to store result

' Create samples to store result
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voltage var PORTB.2 ' voltage as PORTB.2
TRISA =%I11111111 ' Set PORTA to all input
ADCONI1 =0 ' Set PORTA analog
TRISB.2 =1 ' Set PORTB, pin 2 to input
PAUSE 500 ' Pause 0.5 second

loop: IF voltage = 1 THEN charge
IF voltage = 0 THEN percent

charge: FOR sample =1 TO 20 '
ADCIN 0, adval '
samples = ((samples + adval) - 155)
155
PAUSE 50 '
NEXT sample
adval = samples / 20
samples = 0
accumulator
Icdout $fe,1, "Charging ON"
lcdout $fe,$CO,"Power: ",dec adval,"%"
GOTO loop

percent: FOR sample =1 TO 20
ADCIN 0, adval '
samples = ((samples + adval) - 155)

155
PAUSE 50 '
NEXT sample
adval = samples / 20
samples = 0

accumulator

lcdout $fe,1, "UPS Mode"
lcdout $fe,$CO, "Power: ",dec adval,"%"

Take 20 samples
Read channel 0 into adval

Accumulate 20 samples minus

Wait 0.05 second

' Clear old sample

' Display Harging ON
' Display the Power value

' Do it forever

Take 20 samples
Read channel 0 into adval

Accumulate 20 samples minus

Wait 0.05 second

' Clear old sample

' Display UPS Mode
' Display the Power value



GOTO loop
End
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' Do it forever

' End of program

PIC16F877 Datasheet

Devices Included in this Data Sheet:

« PIC16F&73
- PIC16F&74

» PIC16F&76
- PIC16FB77

Microcontroller Core Features:

a

.

High performance RISC CPU
Only 35 single word instructions to learn
All single cycle instructions except for program
branches which are two cycle
Operating speed: DC - 20 MHz clock input
DC - 200 ns instruction cycle

Up to 8K x 14 words of FLASH Program Memory,
Up to 368 x 8 bytes of Data Memory (RAM)
Up to 256 x 8 bytes of EEPROM Data Memory

Pinout compatible to the PIC16CT3B/T4B/76/T7
Interrupt capability (up to 14 sources)

Eight level deep hardware stack

Direct, indirect and relative addressing modes
Power-on Reset (FOR)

Power-up Timer (PWRT) and
Oscillator Start-up Timer (OST)

Watchdog Timer (WDT) with its own on-chip RC
oscillator for reliable operation

Programmable code protection

Power saving SLEEP mode

Selectable oscillator options

Low power, high speed CMOS FLASH/EEPROM
technology

Fully static design

In-Circuit Serial Programming™ (ICSP) via two
pins

Single 5V In-Circuit Serial Programming capability
In-Circuit Debugging via two pins

Processor read/write access to program memory
Wide operating voltage range: 2.0V to 5.5V

High Sink/Source Current: 25 mA

Commercial, Industrial and Extended temperature
ranges

Low-power consumption:

- < 0.6 mA typical @ 3V, 4 MHz

- 20 pA typical @ 3V, 32 kHz

- <1 uA typical standby current

Pin Diagram

PDIP

) whee
38 []=—=
38 [J=—e RES

WMCLRPP —= [T 1

J&] 3
RAZANINVAEF- -4 37 [ =— RB4

g

B

T

RESPEC

RAJANIVREFs =— ] 36 [] =—= REIPGM
RA4TOCK! a— [] 35 [] =— RE2
RASIAN4SE =—=T]7 34 []=—= RB1
ROVANE +—[] 33 []=—= RBOINT
32 []=— Voo
3 [J=—vss
[1=—= RO7IPSPT
20 [] =— RDGFSPE
28 []=—= RDEPSES

27 []=—= RD4FSP4

L —— 12
OSCUCLKIN ——= [ 13
QSCHCLKOUT ——T7 14

PIC16F877/874

RCOT10SOMICK! «— L] 15 26 []=—= RCTIRXDT
RCATIOSICCP2 +— [ 18 25 [] +—w RCHTXCK
RC2ICCP1 a—w [ 17 24 []=—a RCSSDO
RCUSCKISCL =—w[] 13 23 [ =— RC4/SCISDA
RDOPSFD +— [ 10 39 [] w—= RODIFSE2
RD1PSP1 -—[] 20 21 [J=— RD2IPSP2

Peripheral Features:

Timer0: 8-bit timer/counter with 8-bit prescaler
Timer1: 16-bit timer/counter with prescaler,

can be incremented during SLEEP via external
crystaliclock

Timer2: 8-bit timer/counter with 8-bit period
register, prescaler and postscaler

Two Capture, Compare, PWM modules

- Capture is 16-bit, max. resolution is 12.5 ns

- Compare is 16-bit, max. resolution is 200 ns

- PWM max. resolution is 10-bit

10-bit multi-channel Analog-to-Digital converter
Synchronous Serial Port (SSP) with SPI™ (Master
mode) and [*C" (Master/Slave)

Universal Synchronous Asynchronous Receiver

Transmitter (USART/SCI) with 9-bit address
detection

Farallel Slave Port (PSF) 8-bits wide, with
external RD, WR and CS controls (40/44-pin only)
Brown-out detection circuitry for

Brown-out Reset (BOR)
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TABLE 1-1: PIC16F873 AND PIC16F876 PINOUT DESCRIPTION
Pin Name pip soic vorp Buffer Description
Pin# Pin# Type Type p
OSCACLKIN 9 I sTiIcMOS® | Oscillator crystal inputiexternal clock source input.
QOSCZICLKOUT 10 10 o — Oscillator crystal output. Connects to crystal or resonator in
crystal oscillator mode. In RC mode, the OSC2 pin outputs
CLKOUT which has 1/4 the frequency of OSC1, and denotes
the instruction cycle rate.
MCLRNeR 1 1 P ST Master Clear (Reset) input or programming voltage input. This
pinis an active low RESET fo the device.
PORTA is a bi-directional I/O port.
RANAMND 2 2 Vo TTL RAD can also be analog inputl.
RAT/AN1 3 3 Vo TTL RA1 can also be analog inputi.
RAZIANZNREF- 4 4 Vo TTL RAZ can also be analog input2 or negative analog
reference voltage.
RA3/ANINREF+ 5 5 o TTL RA3 can also be analog input3 or positive analog
reference voltage.
RA4/TOCKI (i1 il Vo ST RA4 can also be the clock input to the TimerD
module. Output is open drain type.
RAS/SS/ANA 7 7 Vo TTL RAS can also be analog inputd or the slave select
for the synchronous serial port.
FORTE is a bi-directional 10 port. PORTE can be software
programmed for internal weak pull-up on all inputs.
RBO/INT 21 21 o TTLST RB0 can also be the external interrupt pin.
RB1 22 22 l[e] TTL
RB2 23 23 l[e] TTL
RB3I/PGM 24 24 Vo TTL RE3 can also be the low voltage programming input.
RB4 25 25 Vo TTL Interrupt-on-change pin.
RBS 26 26 Vo TTL Interrupt-on-change pin.
RBE/PGC 27 27 lls} TTLST Interrupt-on-change pin or In-Circuit Debugger pin. Serial
programming clock.
RB7/PGD 28 28 lls} TTLST Interrupt-on-change pin or In-Circuit Debugger pin. Serial
pragramming data.
PORTC is a bi-directional /'O port.
RCOMIOS0MICKI il 1 lie} 8T RCO can also be the Timer1 oscillator output or Timer1
clock input.
RCUT10SICCP2 12 12 lje] ST RC1 can also be the Timer1 oscillator input or Captura2
input/Compare2 output/PWM2 output.
RC2ICCP1 13 13 1o 5T RC2 can also be the Capture1 input/Compare1 output/
PWM1 output.
RC3/ISCK/SCL 14 14 lje] ST RC3 can also be the synchronous serial clock input/output
for both SPI and I°C modes.
RC4/SDISDA 15 15 lje] ST RC4 can also be the SPI Data In (SFI mode) or
data /O (12C mode).
RCH/SDO 16 16 lje] ST RCS can also be the 5P| Data Qut (SFI mode).
RCBITXICK 17 17 lje] ST RCE can also be the USART Asynchronous Transmit or
Synchronous Clock.
RCTIRX/DT 18 18 lje] ST RCT can also be the USART Asynchronous Receive or
Synchronous Data.
Vas 8,19 8,153 P — Ground reference for logic and /O pins.
Voo 20 20 P — Positive supply for logic and /O pins.
Legend: |=input 0 = output IO = inputioutput P = power
— = Not used TTL =TTL input ST = Schmitt Trigger input

Mote 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming maode.
3: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.



TABLE 1-2: PIC16F874 AND PIC16F877 PINOUT DESCRIPTION
Pin N DIP PLCC QFP | lVOIP Buffer D inti
in Name Pin# Pin# Pin# Type Type escription
OSCA/CLKIN 13 14 30 | sTicMos¥ | Oscillator crystal input/external clock source input.
OSC2/ICLKOUT 14 15 K 0 — Oscillator crystal output. Connects to crystal or resonator
in crystal oscillator mode. In RC mode, OSC2 pin outputs
CLKOUT which has 1/4 the frequency of OSC1, and
denotes the instruction cycle rate.
MCLRMNER 1 2 18 IiP ST Master Clear (Reset) input or programming voltage input.
This pin is an active low RESET to the device.
FORTA is a bi-directional /O port.
RAD/AND 2 3 19 o TTL RAD can also be analog input0.
RAT/ANA 3 4 20 o TTL RA1 can also be analog inputi.
RAZIANZVREF- 4 5 21 o TTL RAZ can also be analog input2 or negative
analog reference voltage.
RAIANIVREF+ 5 6 22 1o TTL RA3 can also be analog input3 or positive
analog reference voltage.
RA4TOCKI ] T 23 o ST RA4 can also be the clock input to the Timer0 timer/
counter. Qutput is open drain type.
RAS/SSIANA 7 8 24 o TTL RAS can also be analog inputd or the slave select for
the synchronous serial port.
FPORTE is a bi-directional O port. PORTE can be soft-
ware programmed for internal weak pull-up on all inputs.
RBO/INT 33 36 8 [Ils] TTLsT! RBD can also he the external interrupt pin.
RB1 34 ar 9 o TTL
RE2 35 38 10 o TTL
RE3/PGM 36 34 1 o TTL RE3 can also be the low voltage programming input.
RE4 ar 41 14 o TTL Interrupt-on-change pin.
RE& 38 42 15 o TTL Interrupt-on-change pin.
RBB/PGC Kl 43 16 Ifs] TTLSTR Interrupt-on-change pin or In-Circuit Debugger pin.
Serial programming clock.
RB7/PGD 40 44 17 Ifs] TTLSTR Interrupt-on-change pin or In-Circuit Debugger pin.
Serial programming data.
Legend: |=input O = oufput 'O = input/output P = power
— = Not used TTL = TTL input ST = Schmitt Trigger input

Mote 1: This buffer is a Schmitt Trigger input when configured as an external interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffer is a Schmitt Trigger input when configured as general purpose /O and a TTL input when used in the Farallel
Slave Port mode (for interfacing to a microprocessor bus).
4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.
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11.0 ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The Analog-to-Digital (&/0) Converter module has five
inputs for the 28-pin devices and eight for the other
devices.

The analog input charges a sample and hold capacitor.
The output of the sample and hold capacitor iz the input
into the converter. The converter then generates a dig-
ital result of this analog level via successive approxima-
tion. The A/D converzion of the analog input signal
results in a comespoending 10-bit digital number. The
AD module hag high and low voltage reference input
that iz software selectable to some combination of VDD,
V35, RAZ, or RA3.

The AD converter has a unigue feature of being able
to operate while the device is in SLEER mode. To oper-
ate in SLEEF, the A/D clock must be derived from the
AID’s internal RC oscillator.

REGISTER 11-1:
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The AD module has four registers. These regisiers
are:

+ AD Result High Register (ADRESH)
v AD Result Low Register (ADRESL)
v AD Control RegisterD (ADCOMND)

+ A/D Control Register! (ADCON1)

The ADCOMOD register, shown in Register 11-1, con-
trals the operation of the AD module. The ADCOMN1
register, shown in Register 11-2, configures the func-
tions of the port pins. The port ping can be configured
as analeg inputs (RA3 can also be the voltage refer-
ence), or as digital 10,

Additional information on using the A/D module can be
found in the PICmicro™ Mid-Rangs MCL Family Ref-
erence Manual (D533023).

ADCONO REGISTER (ADDRESS: 1Fh)

bit 7-8

it 5-2

bit 2

bit 1
DitD

RAN-D RAW-0 RA-0 RAN-0 RAW-0 RAW-0 -0

RAN-0

eocs1 | apcso | cHsz | cwst | ceso [somonE|  —

ADON

bit 7

ADCS1:-ADCS0: AD Conversion Clock Select bits

00 = FOSC2

01 = FosciE

10 =FoOsCi32

11 = FRC (clock derived from the internal A'D module RC oscillator)

CHS2:CHS0: Analog Channel Select bits
000 = channel 0, (RADAMD)

001 = channel 1, (RA1ANT)

010 = channel 2, (RA2FANZ)

011 = channel 3, (RA3IFAMNI)

100 = channel 4, (RASAMN4)

101 = channel 5, (RED/&MS )T

110 = channel 8, (RE1/aMg)i1

111 = channel 7, (RE2/AMTT

GOMDONE: AD Conversion Status bit

IFADON = 1:

1 = A/D conversion in progress (setting this bit staris the A/D conversion)

0 = A/D conversion not in progress (this bit is automatically cleared by hardware when the AD
conversion is complate)

Unimplemented: Read as "0’

ADON: AD On bit

1 = A/D converter module is operating

0 = A/D converter module is shut-off and consumes no operating current

Note 1: Thess channels are not available on PIC16FET3/878 devices.

kit O

Legend:
R = Readable bit
-n=\alus st POR

W ="Writable bit

1" =Bitis set

U = Unimplementzd bit, read as 0"

‘0" = Bit is cleared x = Bit is unknown




57

REGISTER 11-2: ADCON1 REGISTER (ADDRESS 9Fh)

U-0 u-o RIW-0 U-0 RAN-0 RAW-D RIW-0 RAN-D
ADFM — | — | — [ rcFes | pocFez | PCFGT [ PCFGD
bit 7 bit 0
bit 7 ADFM: A/D Result Format Select bit

1 = Right justified. 6 Most Significant bite of ADRESH are read as ‘0.
0 = Left justified. 6 Least Significant bits of ADRESL are read as 0.

bit 6-4 Unimplemented: Read as "I

bit 3-0 PCFG3:PCFGO; A/D Port Configuration Control bits:
pcrGa: [ ANTY | ane!! | ans!! | Ang | ANz | ANz ANt ano || Cran
PCFG0 | REZ | RE1 | RE0 | RA5 | RAZ | RAZ | RA1 | RAD Refsl?l
vooo | A A A A A A | A | A | woo | wss | &8O
popl | A A & a |wmer+ | A | & | A | Raz | wss |
powo | D D E A A a | a | a [woo[wss| =0
o1l | D D o a Jwmer+ [ & | A& | A [ Raz [ wes | an
pe0 | D D o D A o | & | & [wvoo [wvss [ ao
il | D D D D [wes+| D [ & | & [raz [ wes | on
nix | D D o D D o | o | o |wvoo[vwss [ oo
o0 | A A A A [weer+ [wme= | A | A [ Raz [ Rz | me
o1 | D D B A A a | a | a [wvoo [wss | o
1w | D D & A Jweert | & | & | & [raz [ wss | an
11 | D D & a Jumer+ [wme=] & | A [ Raz [ raz| az
1100 | D D E A |wveert [wmes | A | A [ RA3 [ Rz | a2
e | D D o D [wmer+ [wss= | & | A [ Raz [ Raz | a2
1w | D D D D D o | b | & |wvoo|wss | o
111 | D D o D |veert [wres-| D | A [ Ra3 | Rz | a2

& = Analog input D = Digital 172

Mote 1: These channels are nof available on PIC18FS73/E7E devices.
2: Thiz column indicates the number of analog channels available as A/D inputs and
the number of analog channels used as voltage reference inputs.

Legend:

R = Readabls bit W= Writable bit U = Unimplemsnted bit, read as ‘0’

-n=Valus gt POR 1" = Bit = set ‘0" = Bitis cleared ¥ = Bit iz unknown
The ADRESH:ADRESL registers contain the 10-hit To determing sample fime, see Section 11.1. After this
result of the A/D conversion. When the AD conversion acquisition time has elapsed, the A/D conversion can
is complete, the result is loaded into this A/D resuk reg- be started.

ister pair, the GO/DOME bit (ADCOND<2=) is cleared
and the A/D interrupt flag bit ADIF iz set. The block dia-
gram of the AD module iz shown in Figure 11-1.

After the A/0 module has been configured as desired,
the selected channel must be acquired before the con-
version i started. The analog input channels must
have their corresponding TRIS kits selected as inputs.
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These steps should be folowed for doing an AD 3. Wait the required acguisition time.
Conversizn: 4. Start conversion:
1. Configure the AD module: * Set GO/DOME bit (ADCOMO)
= Configurs analog pinzsivoltage reference and 5 Wait for A/D conversion to complete, by either:
digital I'Q {ADCONT) * Polling for the GO/DONE hit to be clearsd
* Select AMD input channel (ADCOMND) (with interrupts enabled), OR
* Select AD conversion clock (ADCOMNO) * Waiting for the A/D interrupt
* Turn on A/D module (ADCOMD) &. Read AD result register pair
2. Configure A/D interrupt (if desired); (ADRESH:ADRESL), clzar bit ADIF if required.
v Clear ADIF bit 7. For the next conversion, go to step 1 or step 2,
« Sat ADIE bit ag required. The AD conversion time per bit is

defined as TaD. A minimum wait of 2TAD is

. £ i
Set PEIE bit required before the next acquisition starts.

+ Set GIE bit
FIGURE 11-1: AD BLOCK DIAGRAM
CHS2:CHSO0
RE2ANTIY
RE1/aNE
REC/ANST
Ay
VAN RASIARNG
(Input Voltage) RAZAMIREF+
AD RAZIAN2NREF-
Converier
RA1/AMNT
Voo RADIAND
Pemse
WREF+ :
T
[Reference X
Violtage) .
PCFG3PCFGO
T
WREF- Vo
I e 1
{Reference ! J-‘—J
\oltags) - .
|-|- VES

PCFG3:PCFGED

Mote 1: Mot available on PIC18FE73/875 devices.




11.1  A/D Acquisition Reguirements

For the AID converter to meet its specified accuracy,
the charge helding capacitor (CHOLD) must be allowed
to fully charge to the input channel voltage level. The
analog input mode! is shown in Figure 11-2. The source
impedance (R3) and the internal sampling switch {R55)
impedance directly affect the time reguired to charge
the capacitor CHOLD. The sampling switch (RSS)
impedance varies over the device voltage (VDD), ses
Figure 11-2. The maximum recommended imped-
ance for analog sources is 10 kil &= the impedancs
is decreased, the acquisition time may be decreased.

EQUATION 11-1:  ACGQUISITION TIME
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After the analog input channel is selected (changed),
thiz acquisiion must be done before the conversion
can be started.

To  caleculate  the  minimum  acquisition  fime,
Egquation 11-1 may be used. This eguation assumes
that 1/2 LSk error iz used (1024 steps for the &/0). The
1/2 LSb emor iz the maximum error allowed for the A7D
to meet its specified resolution.

To calculats the minimum acquisition time, TACQ, see
the PICmicro™ Mid-Range Reference  Manual
(DS33023).

TACD = Amplifier Settlmg Time -
Hold Capacitor Charging Time +
Temperature Coefficient

Tave + T = TOOEF
s + TC = [(Temperature -25°C30.050sC))]

A

CHOLD (RIC +~ Bss = Bs) In(1/2047)
= - 120pF {1k£ = Tk} + 10kLY) Ind0 0004885)
= 1647us
TACQ = 2ps+ 16.47Tps+ [(30°C -25°CH0.05ps"C)
= 19.72us

age specification.

Mote 1: The reference voltage (VREF) has no effect on the equation, since it cancels itself out.
2: The charge heolding capacitor (C=0LD) iz nof discharged after each conversion.
3¢ The maximum recommended impedance for analog sources is 10 kL) This iz required to meet the pin leak-

4: After a conversion has completed, a 2.0TAD delay must complete before acquisifion can begin again.
Dwring this ime, the holding capacitor is not connected (o the selected A/D input channel.

FIGURE 11-2: ANALOG INPUT MODEL

Voo _
I Zampling
e VT=08v | Switch_
I Roo ANx T Fic = 1k 1 55 RAssi
' A 1 i
1 1 1 1
R T J_ bl LEasaE e ) 1 EEOJ.-E capacitance
A T"T=”'E1"LJJ1_5UUHA —|- =120 pF
= + + 1 ves
Legend CPM = input capacitance -
T = threshald valtage = )
| LEAKAGE = leakage current at the pin due to VDD 2)
various junctions a
RIC = interconnect resistance 2
55 = sampling switch
CHOLD = sample‘hold capacitance (from DAC) 58 T521011

Sampling Switch
(kL2y




11.2 Selecting the A/D Conversion

Clock

The A/D conversion time per bit is defined as TaD. The
A/D converzion reguires a minimum 12TaD per 10-bit
conversion. The source of the A/D conversion clock iz
software selected. The four possible oplions for TAD
are:

» 2TOSC

= g8Tosc

* 32TosC

* Internal A/0 module RC oscillator (2-6 ps)

TABLE 11-1:
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For corrset A/D conversions, the A/D conversion clock
{TaD) must be selected to ensure a minimum TaD time
of 1.6 ps.

Takle 11-1 ghows the resultant TAD times derived from

the device operating frequencies and the AD clock
sourcs selected.

TaD vs. MAXIMUM DEVICE OPERATING FREQUENCIES (STANDARD DEVICES (C))

AD Clock Source (TAD) Maximum Device Frequency
Operation ADCS1:ADCS0 Max.
2Tasc ] 1.25 MHz
8Tosc o1 5 MHz
32Tosc 10 20 MHz
rell 23] 11 {Mote 1)

Note 1:

The RC source has a typical TAD time of £ ps, but can vary betwesn 2-8 ps.

2: When the device frequencies are greater than 1 MHz, the RC &/D conversion clock source is only recom-

mended for SLEER operation.

3: For extended voltage devices (LC), please refer to the Electrical Characteristice (Sections 15.1 and 15.2).

11.3

The ADCONT and TRIS registers confrol the operation
of the A'D port pins. The port ging that are desired as
analog inputs must have their comesponding TRIS bitz
sat {input). If the TRIS bit is cleared (cutput), the digital
output level (VOH or WVOL) will be converted.

Configuring Analog Port Pins

The A/D cperation is independent of the state of the
CHS2:CHS0 kits and the TRIS bits.

Note 1: When reading the port register, any pin
configured as an analog input channel will
read as cleared (a low level). Ping config-
ured as digital inputs will convert an ana-
log mput. Analog levels on a digitally
configured input will not affect the conver-
sion accuracy.

21 Analog levelz on any pin that is defined as
a digital input ({including the ANT:AND
pinz}, may cause the input buffer to con-
sume current that is out of the device
specifications.




11.4 A/D Conversions

Clearing the GO/MDOME bit durng a conversion wil
abort the current conversion. The A/D result register
pair will NOT be updated with the partially completed
AD converzion sample. Thatis, the ADRESH:ADRESL
registers will continue to contain the value of the last
completed conversion {or the last value written o the
ADRESH:ADRESL registers). After the A/D conversicn
is aborted, & 2ZTAD wait s reguired before the next

FIGURE 11-3:

/D CONVERSION Tap CYCLES
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acquisition is started. After this 2TAD wait, acquisition
on the selected channel iz automatically started. The
GO/DOME kit can then be set to start the conversion.
In Figure 11-3, after the GO bit iz set, the first time seg-
ment has a minimum of TCy¥ and a maximum of TaD.

MNote: The GODONE bit should NOT be setf in
the same instruction that turns on the AMD.

Tovio TAD Tapi | TAc2  Tacd  Taod  TapS | TapE | Tao7 | TaoB | Tapd  Tanil Tapii

T b B8 BT bE

Conversion staris

Set GO bit

Halding capacitor is disconnected from analog imput (typically 100 ns)

o4 b3 b2 b1 [

ADRES is loaded

G0 bit is cleared

ADIF bit is s=t

Holding capacior is connected to analog input

11.41 A/D RESULT REGISTERS

The ADRESH:ADRESL register pair iz the location
where the 10-bit &/'D result is loaded at the completion
of the A/D conversion. This register pair is 16-bits wide.
The AD module gives the flexibility to left or right justify
the 10-kit result in the 16-bit result register. The &/D

FIGURE 11-4:

AD RESULT JUSTIFICATION

Format Select bit (ADFM) confrols this justification.
Figure 11-4 zshows the operation of the A/D result just-
fication. The exira bits are lcaded with "0's". When an
AD result will not overwrite these locations (AD dis-
able), these registers may be used as two general
purpose B-bit registers.

ADFM =1

oooooo

v hd
ADRESH ADRESL

[

~
10-bit Result

Right Justified

10-bit Result

ADFM=0D

1]

=1
[=]
=l
@ 7
o

1 0000 00

N R
ADRESH ADRESL

[ i

"
10-bit Result

Left Justifizd




11.5 AJ/D Operation During SLEEP

The AID module can operate during SLEER mode. This
reguires that the A/D clock source be set to RC
(ADCS51:ADCS0 = 11). When the RC clock source is
selected, the A/D module waitz one instruction cycle
before starting the conversion. This allows the SLEEP
instruction to be executed, which eliminates all digital
gwitching noize from the conversion. When the conver-
gion iz completed, the GO/DOMNE bit will be clearsed and
the result loaded into the ADRES register. If the A/D
interrupt iz enabled, the device wil wakes-up from
SLEEFR. If the &/D mterrupt is not enabled, the &4/D
module will then be turned off, although the ADON bit
will remain sef.

When the AD clock source is another clock option (not
R}, a SLEEP instruction will cause the prezent conver-
gion fo be aborted and the A/D module to be turned off,
though the ADOM kit will remain set.
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Turning off the A/D places the A/D module in its lowest
current consumption state.

Note:  For the A/D module to operate in SLEEF,
the A/D clock source must be set to RC
(ADCS51:4DCS0 = 11). To allow the con-
version to oceur during SLEEF, ensure the
SLEEF instruction immediately follows the

instruction that sets the GO/DONE bit.

11.6 Effects of a RESET

A device RESET forces all registers fo their RESET
state. This forces the A/D module fo be turned off, and
any conversion is aborted. All &/D input pins are con-
figured as analog inputs.

The value that iz in the ADRESH:ADRESL registers is
not modified for a Poweron Reset The
ADRESH:ADRESL registers will contain unknown data
after a Power-on Resst.

TABLE 11-2: REGISTERS/BITS ASSOCIATED WITH A/D
Value on Value on
Address Name Bit T Bit & Bit & Bit 4 Bit 2 Bit 2 Bit 1 Bit 0 MCLR,
WDT
OBh.5Bh, |INTCOM GlE PEIE | TOIE INTE RBIE TOIF INTF RBIF 0000 000U
10Bh,188h
Och PIR1 esPiFil | apiF | RoIF TXIF S5PIF CCP1IF | TMRZIF | TMRAIF 0aad 0000
BCh =IE1 periElll | aDE | RCIE TXIE SSPIE | CCPIE | TMRAE | TMRIIE Q030 0000
1Eh ADRESH | A'D Result Register High Byt= uuul uuuun
BEh ADRESL | A'D Result Register Low Byl AN MNNMX | uunud uuun
1Fh ADCOND | ADCS1 | ADCS0 | CHE2 CHE1 CHSD | GODOMNE — ADOM o000 00-0 0000 00-0
BFh ADCOMN1 | ADFM — — — PCFG3 | PCFG2 | PCFR3T | PCRZ0 | --0- 0000 [ --0- 0000
85h TRISA — — PORTA Data Direction Register --11 1111 |--11 1111
a5h PORTA — — PORTA Data Latch when writen: PORTA pns when read --0x 0000 [--0u 0000
5ot TRISE I2F OBF | IBOV |[FSPMODE| — |FORTE Data Direciicn bits 6oo0 -111 (o000 -111
ognll FCORTE — = [ = = — re2 | ret | RED [---- -mex|---- -um
Legend: x = unknown, u =unchanged, - = unimplementsd, read as '0'. Shaded cells are not used for AD conversion.
MNote 1: These registersibits are not availablz on the 28-pin devices.
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