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ABSTRACT



HLEXECUTIVE ABSTRACT

The Microcontroller based UPS System has been developed to provide continuous

high quality sine wave power supply to vulnerable electronic equipments.

In normal UPS, Square wave is generated. But the sine wave can be generated

using analog discrete components. Use of this may lead to increased cost and size.

Using Microcontroller, the sine wave can be generated by employing high
frequency switching. Apart from this Microcontroller can be integrated to control some
important parameters such as inverter control, low voltage control, over voltage control

and short circuit voltage protection etc... Thus the size and cost can be reduced.

Here real time sampling can be done, so that the efficiency of the system can be
improved. The sine wave generéted in each cycle can be divided in to steps of 15 i.e,
seven in the positive half and seven in the negative half The voltage obtained at each
step is compared to that of reference value, the error obtained is corrected in the next step

of the same cycle.
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1. INTRODUCTION

At times, power from a wall socket is neither clean nor uninterruptible. Many
abnormalities such as blackouts, brownouts, spikes, surges, and noise can occur. Under
the best conditions, power interruptions can be inconveniences. At their worst, they can
cause loss of data in computer systems or damage to electronic equipment. It is the
function of an uninterruptible power supply (UPS) to act as a buffer and provide clean,
reliable power to vulnerable electronic equipment. The basic concept of a UPS is to store
energy during normal operation (through battery charging) and release energy (through
DCto AC conversion) during power failure.

1.1 LITERATURE SURVEY:

In the present scenario, the offline UPS gives square wave as output. In a square
wave inverter, peak voltage equals RMS voltage and varies directly with battery voltage.
Therefore, when the battery voltage is low, the peak AC output voltage and RMS voltage
are also low. This type of inverter has hi gh harmonic distortion (50%) and marginal
efficiency (60% to 80%). A square wave inverter often cannot properly power electronic
equipment and motors tend to run hotter. Surge capability ranges from poor to good
depending upon other design features. For high frequency switching it is not applicable,

Modified sine wave is an attempt to approximate sine wave rectangular or
trapezoidal pulses that are easier to generate efficiency with low cost inverter. It can be
used to operate only one dedicated load. Equipments with high quality internaj power
supplies is less sensitive to sharp using edge of modified sine wave. The inrush current
and the stress on the output devices of the inverter are not reduced. Extra harmonic
distortion is generated. Therefore the generation of sine wave is an important criterion for
the industrial applications,



1.2 MICROCONTROLLER BASED UPS:

The output voltage and current wi]l be monitored by the microcontroller to make

adjustments “real-time™ to correct for error and load changes.

transportability.



1.3 OBJECTIVES AND SCOPE OF WORK:

® The main objective of this work is to generate sine wave in the UPS,

® Itcanbe employed to indicate the upper cut off and lower cut off range.
* Canbe used to indicate the battery level.

* The efficiency has to be increased and it can be achieved in our work

® Compactness and reliability plays an important role which is satisfied

* The micro controller controls all module synchronization as wel] as inverter
control and feedback.
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2. AN OVERVIEW OF UPS

the event of failure.

Al UPS systems are not alike. There are three basic types of UPS available.

2.1 TYPES OF UPS:
®  Online UPS
* Offline UPS

¢ Line interactive



2.1.1 OFFLINE UPS:
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Block diagram of Offline UPS

The first topology is known as off-line or standby, meaning that the inverter is
normally off-line. A block diagram of an off-line UPS is shown in Figure . (The solid line
represents the primary power path and the dashed line represents the secondary or back-
up power path.) In normal operation, the output power comes from the input power
source. This implies that there is a transfer time in switching the inverter on-line during a
power interruption. If this transfer time is too great, there will be a less than smooth
transition for the load on the UPS. This could lead to the same problems that the UPS was
designed to avoid. The advantage of this topology lies in the fact that the stress on the
invertér is decreased due to the inverter being tumned off .during normal operation.
However, since the inverter only runs during power interruptions, this feature lends itself

to latent failures when back-up power is needed the most.



2.1.2 ONLINE UPS:
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Block diagram of Online UPS

The other major topology is the on-line or true UPS. As the name implies, the
inverter is always on-line. A block diagram of the on-line UPS is shown in Figure. At

start-up the UPS is in bypass mode until the inverter is running and synchronized with the

input power is still good. The one drawback to the on-line topology is that the inverter is
always on-line. This would imply that the “life” of this topology would be shorter than an



2.1.3 LINE-INTERACTIVE;:

The battery is activated when even lower voltages are recorded.

2.2 OFF-LINE UPS PREFERRED SYSTEMS:



quickly. The back-up time depends upon the ampere-hour capacity of the battery. The
battery should be shed off the load when it discharges to g minimum voltage
recommended by the manufacturer.

This system can not provide complete power protection and mode of operation
has to be changed on power failure, so its application is restricted to small systems where
the operation is not highly critical.

using line power to charge the battery, and the battery and inverter are waiting “on stand
by” until they are needed. When the AC power goes out, the transfer switch changes to

the secondary power source. When line power is restored, the UPS switches back.

10



The issue with a standby UPS is that when the line power goes out, the switch to
battery power happens very quickly, but not instantly. There is a delay of a fraction of a
second while the switch occurs, which is called the switch time or transfer time of the
UPS. While rare, it is possible for the UPS not to make the switch fast enough for the
PC’s power supply to continue Operation uninterrupted. Again, in practice this does not
normally occur or nobody would bother to buy these units. Still, we should compare the
unit’s transfer time to the hold time of our power supply unit, which tells us how much
time the power supply can handle having its input cut off before being interrupted. If the
transfer time is much less than the hold time, the UPS will probably work for us. Standby

UPSes are usually available in a size range of up to about 1000V A _

11
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3. PIC MICROCONTROLLER

PIC:
PERIPHERAL INTERFACE CONTROLLER

3.1 IMPORTANCE OF PIC:

* PICisavery popular micro controller worldwide.
¢ Micro chip is the first manufacturer of 8 pin RISC MCU.
® Variety of end-user Application-specific standard products (ASSP) & Application
- specific
® Global network of manufacturing and customer support facilities.
* PIC micro devices have following architectural features to attain the high
performance:
Harvard architecture
Long word instructions
Single word instructions
Single cycle instructions
Instruction pipelining
Reduced instruction set
Register file architecture
Orthogonal (symmetric) instructions,

13



3.1.1 HARVARD ARCHITECTURE:

Same memory using the same bus. With the Harvard architecture, the instruction is

fetched in a single instruction cycle (all 14-bits).

3.1.2 LONG WORD INSTRUCTIONS:

14



3.1.4 SINGLE CYCLE IN STRUCTIONS:

whole set can be more rapidly learned.

3.1.6 REGISTER FILE ARCHITECTURE:

The register files/data memory can be directly or indirectly accessed. AJl special

function registers, including the Program counter, are mapped in the data memory.
3.1.7 ORTHOGONAL (SYMMETRIC) INSTRUCTIONS:

Orthogonal instructions make it possible to carry out any operation on any register
using any addressing mode. This symmetrical nature and lack of “special instructions”
make programming simple yet efficient.

15



3.2 ARCHITECTURE OF PIC
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3.3 INSTRUCTION PIPELININ G:

All ingtructions are single cycle, except for any program branches. These take two cycles since the fatoh
instruction is “flushed” from the pipstine whils the new insfruction is being fetched and then exacited.

Instruction Pipeline Flow
Tevo Tevd Tey2 Tev3 Tevd Tevs
1. MOVLE §sh | Fetch1 | Execute 1
2. MOVER pORTS Felch2 | Execute 2
3. CALL gUB 1 Fetthd | Execute 3 |
4. BSP  PORTA, BIT3 {Forced NOP) Fetch4 |
3. Instruction @ address &UB_1 Feteh SUB_1| Exacute SUB_1

FefchSUB 1+ 4

An “instruction cycle” consists of four Q cycles (Q1, Q2, Q3 and Q4). Fetch takes one

instruction cycle while decode and execute takes another instruction ¢

ycle. However, due

to pipelining, each instruction effectively executes in one cycle. If an instruction causes

the program counter to change (e.g.GOTO) then an extra cycle is required to complete

the instruction. The instruction fetch begins with the program counter
inQL.This instruction is then decoded and executed during the Q2, Q3,
Data memory is read during Q2 (operand read) and written During Q4 (de

=  TCY1-the first instruction executes

fetched.

incrementing
and Q4 cycles.
stination write)

while the second instruction is

® TCY2- the second instruction executes while the third instruction

is fetched.

®* TCY3- the fourth instruction is fetched while the third instruction
CALL SUB 1) is executed.

17



When the third instruction completes execution, the CPU forces the address of
instruction four onto the stack and then changes the program counter (PC) to the address
of SUB_1. This means that the instruction that was fetched during TCY3 needs to be
“flushed” from the pipeline. During TCY4, instruction four is flushed (executed as a
NOP) and the instruction at
Address SUB 1 is fetched. Finally during TCYS, instruction five is executed and the
instruction at address SUB_1+1 is fetched.

3.4 CENTRAL PROCESSING UNIT:

The CPU can be thought of as the “brains “of the device. The central processing
unit is responsible for using the information in the Program memory (instructions) to
control the operation of the device, The CPU sometimes works in conjunction with the
ALU to complete the execution of the instruction (in arithmetic and logical operations).
The CPU controls the program memory address bus, the data memory

address bus, and accesses to the stack.

3.5 INSTRUCTION CLOCK:

Q Cycle Activity

JQ1:Q2;Q3ZQ4IQ1JQ2}Q3§Q4JQ1LQ2JQ3;Q4J

Tosc

Each instruction cycle (TCY) is comprised of four Q cycles (Q1-Q4). The Q cycle

time is the same as the device oscillator cycle time (Tosc). The Q cycles provide the

18




timing/designation for the decode, read, process Data, Write, etc., of each instruction

cycle. The following diagram shows the relationship of the Q cycles to the instruction
cycle.

Q1: Instruction Decode Cycle or forced No operation.
Q2: Instruction Read Data Cycle or No operation
Q3: Process the Data.

Q4: Instruction Write Data Cycle or No operation.

3.6 ARITHMETIC AND LOGIC UNIT (ALU):

8-bit literal Relgister
(from instruction word) ile

# register value Special
g (from direct or indirect Function
W Register address of instruction) Registers

(SFR’s)
and
Generat
Purpose

M
{GPR)

d bit, or from instruction

d='0'or l Ld='!'
Literal insfructions
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PIC micro MCU contains an 8-bit ALU and an 8-bit working register. The ALU
is a general-purpose arithmetic and logical unit. In two-operand instructions, typically
one operand is the working register (W register). The other operand is a file register or an

immediate constant.

3.7 STATUS REGISTER:

The STATUS register contains the arithmetic status of the ALU, the RESET
status And the bank select bits for data memory. Since this register controls the selection
of the Data Memory barks, it is required to be present in every bank. Also, this register is
in the same relative position (offset) in each bank.

The STATUS register can be the destination for any instruction, as with any other
Register. If the STATUS register is the destination for an instruction that affects the Z,
DC or C bits, then the write to these three bits is disabled. These bits are set or cleared

according to the device logic.

STATUS REGISTER

R/W-0 R/W-0  R/W-0 R-1 R-1 R/Wx R/W-=x R/W-=x
IRP RP1 RPO TO PD Z D CC

bit 7 bit 0

Bit 7 IRP: Register Bank Select bit (used for indirect addressing)

1=Bank 2, 3 (100h - 1FFh)
0=Bank 0, 1 (00h - FFh)

20



Bit 6-5 RP1:RPO: Register Bank Select bits (used for direct addressing)
11 =Bank 3 (180h - 1FFh)

10 =Bank 2 (100h - 17Fh)

01 =Bank 1 (80h - FFh)

00 = Bank 0 (00h - 7Fh)

Each bank is 128 bytes

Bit4 TO: Time-out bit

1 = After power-up, CLRWDT instruction, or SLEEP instruction
0=A WDT time-out occurred

Bit 3 PD: Power-down bit

1 =After power-up or by the CLRWDT instruction
0 = By execution of the SLEEP instruction

Bit2 Z: Zero bit

1 = The result of an arithmetic or logic operation is zero

0= The result of an arithmetic or logic operation is not zero

Bit 1 DC: Digit carry/borrow bit

1 = A carry-out from the 4th low order bit of the result occurred
0 =No carry-out from the 4th low order bit of the result

21



Bit 0 C: Carry/borrow bit

1 = A carry-out from the Most Significant bit of the result occurred
0= No carry-out from the Most Significant bit of the result occurred

Note: For borrow, the polarity is reversed. A subtraction is executed by adding the two’s
complement of the second operand. For rotate (RRF, RLF) instructions, this bit is loaded

with either the high, or low order bit of the source register.
3.8 MEMORY ORGANIZATION:

There are two memory blocks in memory.
® Program memory

® Data memory

3.8.1 PROGRAM MEMORY ORGANIZATION:

The PIC16876 has a 13-bit program counter capable of addressing an 8kx14
program space. The PIC16873, the 1kx14 (0000h-03FFh) are physically implemented
reset vector is at 0000h and the interrupt. The program memory is divided into four pages
of2k words each (Oh-7FFh, 800-FFFh, 1000-17F Fh, and 1800h- 1FFFh)

-To jump between the program memories pages, the high bits of the program
counter (PC) must be modified. This is done by writing the desired value into a SFR
called PCLATH (Program Counter Latch High). If sequential instructions are executed,
the program counter will cross the page boundaries without any intervention. That is,ina

4k- word device accessing 17FFh actually 7FFh. 2k- word devices (or less) do not require
paging.

22



3.8.1.1 PROGRAM COUNTER:

3.8.L.3 INTERRUPT VECTOR:

When an interrupt is acknowledged the PC is forced to address 0004h. We call
this the “interrupt vector address”, When the PC is forced to the interrupt vector, the
PCLATH register is not modified. Before the PCLATH register is modified by the
Interrupt Service Routine (ISR) the contents of the PCLATH may need to be saved.

3.8.1.4 STACK:

Stack contains the return address from this branch in program execution. Mijd-
Range MCU devices have an 8-level deep x13-bit wide hardware stack. The Stack Space

IS not part of ejther Program or data space and the stack pointer are not readable or

23



interrupt causes a branch. The stack is POPed in the event of a RETURN, RETLW or a
RETFIE instruction execution. PCLATH is not modified when the stack is PUSHed or
POPed .

3.8.1.5 PROGRAM MEMORY PAGING:

program memory. The CALL and GOTO instructions provide only 11 bits of address to
allow branching within any 2K program memory page. When doing a CALL or GOTO
instruction, the upper 2 bits of the address are provided by PCLATH<4:3> When doing a
CALL or GOTO instruction, the user must ensure that the page select bits are
programmed so that the desired Program memory page is addressed. If a return from a
CALL instruction (or interrupt) is executed, the entire 13-bit PC is popped

off the stack. Therefore, manipulation of the PCLATH<4:3> bits is not required for the
return instructions (which POPs the address from the stack).

3.8.2 DATA MEMORY ORGANIZATION:

General Purpose Registers (GPR) area. The SFRs control the operation of the device;
While GPRs are the general area for data storage and scratch pad operations.

The data memory is banked for both the GPR and SFR areas, The GPR area is
banked to allow greater than 96 bytes of general purpose RAM to be addressed. SFRs are
for the registers that contro] the peripheral and core functions, Baking requires the use of
control bits for bank selection. These control bits are located in the STATUS Register
(STATUS <7:5>),

24



To move values from one register to another register, the value must pass through
the W register. This means that for all register —to- register moves, two instruction cycles

are required. The entire data memory can be accessed directly or indirectly.

3.9 OSCILLATOR:

The internal oscillator circuit is used to generate the device clock. The device
clock is required for the device to execute instruction and for the ripherals to function.
Our device clock periods generate one internal instruction clock (TCY) cycle. There are
up to eight different modes, which the oscillator may have. There are two modes, which
allows the selection of the internal RC oscillator clock out (CLKOUT) to be driven on an
I/O pin, or allow that /O pin to be used for a general purpose function. The device
configuration bits select the oscillator mode. The device configuration bits are non-
volatile memory locations and the operating mode is determined by the value written
during device programming. The RC oscillator option saves system cost while the P

crystal option saves power. Configuration bits are used to select the various options.
3.9.1 OSCILLATOR C ONFIGURATIONS:

Mid-range devices can have up to eight different oscillator modes, The user can

program up to three device configuration bits to select one of these eight modes:

. Low Frequency Crystal

. XT Crystal/Resonator

= HS High Speed Crystal/Resonator

= RC External Resistor/Capacitor

= EXTRC External Resistor/Capacitor

. EXTRC External Resistor/Capacitor with CLKOUT

. INTRC Internal 4MHz Resistor/Capacitor

. INTRC Internal 4MHz Resistor/Capacitor with CLKOUT

25



The main difference between the LP, XT and HS modes is the gain of the internal

inverter of the oscillator circuit, which allows the different frequency ranges.

3.10 /O PORTS:

General purpose /O pins can be considered the simplest of peripherals. They
allow the PIC microcontroller to monitor and control other devices. To add flexibility and
functionality to a device, some pins are multiplexed with an alternate function. These
functions depend on which peripheral features are on the device. In general, when a
perirheral is functioning, that pin may not be used as a general purpose I/O pin. For most
ports,the data direction register called the TRIS register controls the [/O pins direction
1/0).

3.10.1 PORTA and the TRISA Register:

PORTA is a 6-bit wide, bi-directional port. The corresponding data direction
register is TRISA. Setting a TRISA bit (= 1) will make the corresponding PORTA pin an
input (i.e., put the Corresponding output driver in a Hi-Impedance mode). Clearing a
TRISA bit (= 0) will make the corresponding PORTA pin an output (i.e., put the contents
of the output latch on the selected pin).The RA4 pin is a Schmitt Trigger input and an
open drain output. All other PORTA pins have TTIL input levels and full CMOS output

drivers.

26



BLOCK DIAGRAM OF RA3:RA0O AND RAS PINS

Dt Dala Latchs
Bus

treput
Buffor

To A0 Converier
-

Note t: 40 ping have protection dodes & Voo and vy,

3.10.2 PORTB ang the TRISB Register:

PORTB is an 8-bit wide, bi-directiona] port. The corresponding data direction
register is TRISB, Setting a TRISB bit (= 1) will make the corresponding PORTRB pin an
input (ie., put the corresponding output driver in a Hi-Impedance mode). Clearing a
TRISB bit (= 0) will make the corresponding PORTB pin an output (i.e, put the contents
of the output latch on the selected pin).
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BLOCK DIAGRAM OF RB3:RB0 PINS
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3.11 TIMERO MODULE:

The Timer0 module timer/counter has the following fea-tures:

* 8-bit timer/counter
* Readable and writable

* 8-bit software programmable prescaler

* Internal or external clock select

* Interrupt on overflow from FFh to 00h

* Edge select for external clock

28



3.11.1 TIMER 0 INTERRUPT :

The TMRO interrupt is generated when the TMRO reg-ister overflows from FFh to
00h. This overflow sets bit TOIF (INTCON<2>). The interrupt can be masked by clearing
bit TOIE (INTCON<5>). Bit TOIF must be cleared in software by the Timer0 module
Interrupt Ser-vice Routine before re-enabling this interrupt. The TMRO interrupt cannot

awaken the processor from SLEEP, since the timer is shut-off during SLEEP.

3.11.2 USING TIMERO WITH AN EXTERNAL CLOCK:

When no prescaler is used, the external clock input is the same as the prescaler
output. The synchronization of TOCKI with the internal phase clocks is accom-plished by
sampling the prescaler output on the Q2 and
Q4 cycles of the internal phase clocks. Therefore, it is necessary for TOCKI to be high for
at least 2Tosc (and a small RC delay of 20 ns) and low for at least 2Tosc (and a small RC

- delay of 20 ns). Refer to the electrical specification of the desired device.

OPTION_REG REGISTER:

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
RBPU | INTEDG | TOCS TOSE PSA PS2 PS1 PSO
bit 7 bit 0

bit 7 RBPU

bit 6 INTEDG

bit 5 TOCS: TMRO Clock Source Select bit
1 = Transition on TOCKI pin

0 = Internal instruction cycle clock (CLKOUT)

29



bit 4 TOSE: TMRO Source Edge Select bit
1 =Increment on high-to-low transition on TOCK] pin

0 = Increment on low-to-high transition on TOCKI pin

bit 3 PSA: Prescaler Assignment bit
1 =Prescaler is assigned to the WDT

0 = Prescaler is assigned to the Timer0 module

bit 2-0 PS2:PS0: Prescaler Rate Select bits

Bit Value TMRO Rate WDT Rate

000 1:2

001 1:4

010 1:8

011 1:16

100 1:32

101 1:64

110 1:128

111 1:256
3.11.2 TIMER2 MODULE:

Timer2 is an 8-bit timer with a prescaler and a postscaler. It can be used as the
PWM time-base for the PWM mode of the CCP module(s). The TMR2 reg-ister is
readable and writable, and is cleared on any device RESET.

The input clock (FOSC/4) has a prescale option of 1:1, 1:4, or 1:16, selected by
control bits T2CKPS1: T2CKPS0 (T2CON<1:0>).

30



The Timer2 module has an 8-bit period register, PR2.Timer2 increments from 00h
until it matches PR2 and then resets to 00h on the next increment cycle. PR2 is a readable
and writable register. The PR2 register is initialized to FFh upon RESET.

The match output of TMR?2 goes through a 4-bit postscaler (which gives a 1:1 to
1:16 scaling inclusive) to generate a TMR?2 interrupt (latched in flag bit TMR2IF,

(PIR1<1>)). Timer2 can be shut-off by clearing control bit TMR20ON (T2CON<2>), to
minimize power consumption,

TIMER2 BLOCK DIAGRAM

RESET Prascaler "
P‘% o1, 14, 18 Foscid

T2OKERY:
T20Utesy
TZORFTES
Note 1:TMED register outpot can be software ssistted by the
S&P modute as a bayd tlock.

T2CON: TIMER2 CONTROL REGISTER: :
U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0  R/W-0

I— ’ TOUTPS3 | TOUTPS2 TOUTPS1 | TOUTPSO TMR20N [ T2CKPS1 T2CKPS0
bit 7 bit 0

bit 7 Unimplemented: Read as '0'
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bit 6-3 TOUTPS3:TOUTPSO: Timer2 Output Postscale Select bits
0000 = 1:1 Postscale
0001 = 1:2 Postscale
0010 = 1:3 Postscale

1111 = 1:16 Postscale

bit 2 TMR2ON: Timer2 On bit
1 =Timer2 is on
0 =Timer2 is off

bit 1-0 T2CKPS1:T2CKPS0: Timer2 Clock Prescale Select bits
00 = Prescaler is 1
01 = Prescaler is 4

1x = Prescaler is 16

3.12 ANALOG-TO-DIGITAL CONV ERTER (A/D) MODULE:

The Analog-to-Digital (A/D) 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 is the input into the converter. The
converter then generates a dig-ital result of this analog level via successive
approximation. The A/D conversion of the analog input signal results in a corresponding
10-bit digital number. The A/D module has high and low voltage reference input that is
software selectable to some combination of VDD, VSS, RA2, or RA3. The A/D

converter has a unique feature of being able to operate while the device is in SLEEP
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mode. To operate in SLEEP, the A/D clock must be derived from the A/D’s internal RC

oscillator.

The A/D module has four registers. These registers are:
* A/D Result High Register (ADRESH)

* A/D Result Low Register (ADRESL)

* A/D Control Register0 (ADCONO)

* A/D Control Register] (ADCON1)

The ADCONO register, shown , controls the operation of the A/D module. The

ADCONT register, shown in Register, configures the functions of the port pins. The port

pins can be configured as analog inputs (RA3 can also be the voltage reference), or as

digital I/O.
ADCONO REGISTER:

R/W-0 R'W-0 R/W-0 R/W-0 R/W-0 R'W-0 U0 R/W-0

ADCS1 | ADCSO | CHS2 | CHS! | CHSO | GODONE| — ADON
bit7 bit 0 '

bit 7-6 ADCS1:ADCS0: A/D Conversion Clock Select bits

00=FOSC/2

01 =FOSC/8

10 =FOSC/32 A

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

bit 5-3 CHS2: CHSO0: Analog Channel Select bits
000 = channel 0, (RA0/ANO)

001 = channel 1, (RA1/AN1)
010 = channel 2, (RA2/AN2)
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011 = channel 3, (RA3/AN3)
100 = channel 4, (RA5/AN4)
101 = channel 5, (REO/ANS) (1)
110 = channel 6, (RE1/ANS) (1)
111 = channel 7, (RE2/AN7) (1)

bit 2 GO/DONE: A/D Conversion Status bit

If ADON = 1:
1 = A/D conversion in progress (setting this bit starts the A/D conversion)

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

bit 1 Unimplemented: Read as '0'
bit 0 ADON: A/D On bit

1 = A/D converter module is operating

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

BLOCK DIAGRAM

BUZZER

BATTERY

INPUT SUPPLY BATTERY
CHARGER

PIC
MICROCONTROLLER
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The following are the essential parts of the UPS:

> Battery

> Inverter

> Power supply

> Micro controller (16F846)

» Transformer

The power flow for the system is shown above. When the input supply is on the
power to the load is directly supplied from it. But when the input supply goes off or the
voltage level exceeds or comes below the specified voltage levels, it is sensed by the
microcontroller and the relay is switched so that the power is now supplied from the

battery.

The PWM output is generated in the PIC 16F876. As the microcontroller cannot
trigger the MOSFET directly, the PWM signals are given to the MOSFET driver circuit,
which in turn drives the push-pull inverter. The output of the push pull inverter stepped
up and is given to the load after passing through a filter.

An output is stepped down feedback to the PIC16F876 where A/D conversion

takes place for output monitoring. All module synchronization, control, and fault
detection are handled through the PIC16F876.
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4.1 MOSFET DRIVER CIRCUIT

PWMI1

PWM2

To
MOSFET 1

To
MOSFET 2
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The power supply in any circuit is an important part. Care and protection should

be ensured while designing the power supply circuit.

The driving of the MOSFETS should be done by raising the gate to source voltage
above the threshold voltage of the MOSFET (IRF 540).

The driving circuit of the MOSFET consists of two transistors BC547 and BC557.
The 12v battery is connected to the collector of the transistor. The PWM output from the
PIC microcontroller is given as input to the base of the transistors. When the input is high
the transistor BC547 is turned on and driving signals are given to the MOSFET. When
the input is low the transistor BC547 would be in the floating state, so it is grounded
using the transistor BC557.

4.2INVERTER CIRCUIT

The inverter section is of push pull type it has got two mosfets trigered with 180
degree phase shift the mosfet is been triggered by the pwm generated wit reference to the
sine angle. the o/p of the inverter section is given to the secondary of a center tapped
transformer, the primary of the transformer is connected with a choke to filter the high
frequency signal(harmonics) the o/p across the choke is pure AC signal and the same is
givwn as i/p to feedback transformer to perform RTS for the controller to improve the o/p
efficiency .
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INVERTER CIRCUIT

12v
L
ov
C :‘: OUTPUT
TO LOAD
IRF
540 I—-‘
be— 230V
F— e
22K ’

{

FEED BACK TO
”Zg MICROCONTROLLER
5

22K
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4.3 ANALOG TO DIGITAL CONV ERSION:

In analog-to-digital converter (ADC) accepts an analog input a voltage or a
current and converts it to a digital value that can be read by a microprocessor. This
hypothetical part has two inputs: a reference and the signal to be measured. It has one

output, an 8-bit digital word that represents the input value.

The reference voltage is the maximum value that the ADC can convert. Our
example 8-bit ADC can convert values from OV to the reference voltage. This voltage
range is divided into 256 values, or steps. The size of the step is given by: V,.¢/256 where
Vier is the reference voltage. The step size of the converter defines the converter's
resolution. For a 5V reference, the step size is: 5V/256 = 0.0195V or 19.5Myv.

Our 8-bit converter represents the analog input as a digital word. The most
significant bit of this word indicates whether the input voltage is greater than half the
reference (2.5V, with a 5V reference). Each succeeding bit represents half the range of

the previous bit.

The resolution of an ADC is determined by the reference input and by the word
width. The resolution defines the smallest voltage change that can be measured by the
ADC. The resolution is the same as the smallest step size, and can be calculated by
dividing the reference voltage by the number of possible conversion values. Resolution
can be improved by reducing the reference input. The only way to increase resolution
without reducing the range is to use an ADC with more bits. A 10-bit ADC has 2'°, or
1,024 possible output codes. So the resolution is 5V/1,024, or 4.88mV; a 12-bit ADC has
a 1.22mV resolution for this same reference.

Types of ADCs are flash, successive approximation, and sigma-delta.
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4.3.1 CHARACTERISTICS OF ADC:

a) RESOLUTION:

The resolution of the converter indicates the number of discrete values it can
produce. It is usually expressed in bits. For example, an ADC that encodes an analog

input to one of 256 discrete values has a resolution of eight bits, since

28 =256,

b) RESPONSE TIME:

Most ADCs are linear, which means that they are designed to produce an output
value that is a linear function of, i.e. proportional to, the input. Another common type is
the logarithmic ADC, which is used in telecommunications systems where the amplitude
of the input signal varies over a wide range. The logarithmic ADC compresses the input
signal into a smaller number of bits than a linear ADC with the same input range and

resolution.

¢) ACCURACY:

Accuracy depends on the error in the conversion. If the ADC is not broken, this
error has two components: quantization error and (assuming the ADC is intended to be
linear) non-linearity. These errors are measured in a unit called the LSB, which is an
abbreviation for least significant bit. In the above example of an eight-bit ADC, an error
of one LSB is 1/256 of the full signal range, or about 0.4%. Quantization error is due to
the finite resolution of the ADC, and is an unavoidable imperfection in all types of ADC.
The magnitude of the quantization error at the sampling instant is between zero and half
of one LSB.
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d) SAMPLING RATE:

Commonly, the analog signal is continuous in time and it is necessary to convert
this to a flow of digital values. It is therefore required to define the rate at which new
digital values are sampled from the analog signal. The rate of new values is called

sampling rate of the converter.

The key idea here is that a continuously varying band limited signal can be
sampled (i.e. the signal values at intervals of time T, the sampling time, are measured and
stored.) and then the original signal can be exactly reproduced from the discrete-time
values by an interpolation formula. The accuracy is however limited by quantization
error. However this faithful reproduction is only possible if the sampling rate is higher
than twice the highest frequency component present in the signal. This is essentially what
is called Shannon's sampling theorem.

e) ALIASING:

All ADCs work by sampling their input at discrete intervals of time. Their output
is therefore an incomplete picture of the behaviors of the input. There is no way of
knowing, by looking at the output, what the input was doing between one sampling
instant and the next. If the input is known to be changing slowly compared to the
sampling rate, then it can be assumed that the value of the signal between two sample
instants was somewhere between the two sampled values. If, however, the input signal is
changing fast compared to the sample rate, then this assumption is not valid. If the digital
values produced by the ADC are, at some later stage in the system, converted back to
analog values by a ADC or a DAG, it is desirable that the output of the DAC is a faithful
representation of the original signal. If the input signal is changing much faster than the
sample rate, then this will not be the case, and spurious signals called aliases will be
produced at the output of the DAC.
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4.4 SINE SYNTHESIS TABLE:

The sinusoidal reference table for the inverter is generated as follows:

1. Choose Vp such that this number corresponds with the desired output voltage of the

inverter.

output voltage has a gain of .8 counts per output volt,
then:

Vp=0.8(230%(27 5) )

2. The table is generated from the following equation withk=0... N/2 -1 and N = the
number of samples per cycle.

Vref =Vp sin(2*pi*k/N)

Example: For the VD of the previous example and N = |5 samples per cycle, this yields
the following table entries. Note that only 7 entries are generated as the negative-going
half wave may be generated from the negative of the first 7.

Vref=(0, 108, 190, 232, 232, 187, 104}



4.5 REAL TIME SAMPLING

Interrupt Handler Flow

Preset Timer far Sam pling Rate

i

Read Voltage

il

Caleulate DS Emar

i

Calcylate Duty Cycle bazad on
Error

I

Retum
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by dividing into definite steps.
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4.6 OUTPUT WAVEFORMS:

Output wave without feedback:

Output wave with feedback:
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5.SOFTWARE CODING

/*

closed loop single phase with soft start
working program
pushpull inverter

*/

#include<pic.h>
/*

sine reference table

*/
const char ref0[]={0,2,4,5,5,4,2,0};

const char ref1[}={0,7,13,16,16,13,7,0};
const char ref2[]={0,10,20,30,30,20,10,0};
const char ref3[]={0,14,30,45,45,30,14,0}; //softstart reference values
const char ref4[]={0,28,50,62,62,50,28.0};

const char ref5[1={0,42,75,91,91,75,42,0};

const char ref6[]={0,56,99,123,123,99,56,0};

const char ref7[]={0,69,125,155,155, 125,69,0};

const char refo[]={0,108,190,232,232,187, 104,0}; //normally used
/*

variable declaration
*/

char volt,amps,bamps,bvolt,come,yes=1 refery,start;
char first,s,upson=0,k;

int income;

/*

function declaration

*/
init();

posint();

negint();

delay();

/*

main routine

*/
main()

{
init();
while(ADRESH>1& &ADRESH<=2)//check for hv/lv/pf
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{
CCPICON=;

TOCS=1;
ADCON1=OX80;
ADCONO=OX89;
for(s=0;s< 10;5++);
ADGO=];
while(ADGO);

}

delay();
posint();
TMR20ON=] ;
first=1;
income=0;
TOCS=0;,
TMRO=OX27;
while(1)

while(ADRESH>=] &&ADRESH<3g; &ADCONO=(X 89)

//no check again

/ldelay
/hups of/p starts

//channe] check

//ra0--—feedback ral .. hv/lv/pf i/p
{

ADCON1=OX80;
ADCONO=OX89;
for(s=0;s< 10;5++);
ADGO=];
while(ADGO);
CCPICON=OXOO;
CCP2CON=OXOO;
first=1;

income=);
upson=1];

TOCS=];
TMR20N=O;

}

delay();

// normal Operation ups off

while(ADRESH<1HADRESH>2&&ADCONO=0X89)
{

ADCON1 =0X80;
ADCON0=OX89;
for(s=0;s< 10;5++);
ADGO=i;
while(ADGO);
if(upson=1)

upson=0;

//channe] | /I hv/iv/pt ups on
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posint(),
TMR20ON=1;
first=1;
income=0;
TOCS=0;
TMRO=0X27,
}

}

}

}
/*

positive cycle init routine

*/

posint()

{

CCP2CON=0;
CCPR1L=CCPR1H=0;
CCPR2L=CCPR2H=0;
CCP1CON=0X0C;
TMR2=0;

yes=lyes;

come=0);,

volt=bvolt=0;
if(first>0)

income++;
if(income==30)

{

first++;

income=0;

}

}
[*

// positive cycle init

negative cycle init routine

*/

negint()

{

CCP1CON=0;
CCPR1L=CCPRIH=0;
CCPR2L~=CCPR2H=0;
CCP2CON=0X0C;
yes=lyes;

come=0;

volt=bvolt=0;
TMR2=0;

}
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initialisation routine

——— e */

TRISA=0XF F;
TRISB=OXOO
TRISC=OXOO
PORTA=OXOO
PORTB=OXOO
PORTC=0XOO
ADCONI1=0;
ADCON0=0;
INT CON=OXCO
T2CON=OXOO
PR2=250;
TOIE=];
OPTION=OXO4;

1f(TOIF=1)
TOIF=0;
come++;
if(ﬁrst>8)
first=0;

if(come<7)
{

if{first=t1)
refery=ref0[(com e)l;

if(ﬁrst=2)

refery=refl[(com e)l;

1f(ﬁrst~3)

refery=ref2 [(come)];

if{first==4 ==4)

refery=ref3 [(come)]; // sofistart routine
if{first=s5)

refery=ref4[(com e);

if{first—=¢)

refery=refs [(come)];

if{ first=7)
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refery=ref6{(come)];

if(first==g8)

refery=ref7{(come)]; //come-- sine angle spec for change in duty cycle
if(first==0)

refery=refo[(come)];

if(yes=0& &first!=0)

CCPR1L=refery;

if(yes=1&&first!=0)

CCPR2L~=refery;,

if(first=0)

{

ADFM=1,

ADCONO=0X81; //channel -0
ADGO=1;

while(ADGO);,
volt=(ADRESH*256+ADRESL)*10/43;
bvolt=volt;

volt=volt-refery,

if(CARRY)

{

if(yes=0)
CCPR1L=refery-volt;
if(yes=1)
CCPR2L=refery-volt;

}

ifl{CARRY)

{
volt=refery+Hrefery-bvolt),
if(volt>234)

volt=234;

if(bvolt<s)

volt=refery,

if(yes=0)
CCPRI1L=volt;
if(yes=1)
CCPR2L=volt;

}

}

}

if(come=7& &yes=—0)
negint();

if(first!=0)
TMRO=0X26;
if(first==0)
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TMRO0=0X33;
if(come=7&&yes=1)
posint();

delay()
{

T1CON=0;
TMR10ON=];
for(k=0;k<30;k++)
{

TMRI1L=0;
TMR1H=0;
while(!TMR1IF);
TMRI1IF=0;

}

}
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6. CONCLUSION

The sine synthesized uninterruptible power supply system was designed,
assembled and tested. The set up can be tested for its high quality sine wave output. As
the output obtained is sine wave the efficiency and also the life of the loads connected to

the UPS are increased.

As the microcontrollers are getting much popular, the sine synthesized UPS will
be the trend in the near future. The discrete analog components are effectively replaced

by the microcontroller thus reduc ing the cost.

SCOPE FOR FUTURE WORK:

* In the sine synthesized UPS we have considered only the voltage feed back, by

taking current feed back also the power factor correction can be made.

* For higher rating of UPS the MOSFETs can be replaced by IGBTS.

* LCD displays can be provided to display the battery voltage and the output
voltage. Also the back up time of system can be displayed usin the
microcontroller.

® The UPS may be connected to the computer and when the battery level goes down
the computer can be programmed to shut down automatically.
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PIN DIAGRAM OF PIC16F876:
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TABLE 1-1:  PIC16FS73 AND PIC16FR78 PINCGUT BESCRIPTION

o sac P Buffer ’
Pin Nome Ping Pl Type Tye Cieseription
OSCHCLKIN ] g I 8TOMOS! | Qacillator crystal inpuliexternal clock souras inpul,
OSC2CLROUT 10 1Q Q — Oscillator erystal output. Connsots to erystal or resonator in
erysizl ascillater mode. In RC mods, the DSC2 pin outputs
CLKOUT which has 14 the frequercy of OSCY, and denctes
lhe instruction cycle rata.
MCLRAPR 1 1 P 8T Master Clsor {Reset) input or programming voltage input. This
pinis an active low RESET to the devies,
PCORTA is a bi-directional 10 prat.
RADIAND Z 2 1 TIL RAD can slsa be analog inpuld,
RATHN1 2 3 L] TTL RA1 ean also bs snalog input?.
RAZHBNZVIEF- 4 4 1o TTL RA2 can also be analog inpul2 or negalive analog
rafienanos voltags.
RABRMNIVREN+ & & 1D TTL RA3 can also be sraleg inpuld or psilive anakg
referencs voltsge.
RALITOCKI [ [ 1 8T RA4 ean also be the cinck input te the TimarD
module. Qutput is open drain type.
RASSSIAN 7 7 150 TTL RAS can also be analog inputd or the slave select
for the synohronous serlal porl.
PORTB is 3 bi-dirsctional VO pert. PORTE ean be software
programmed forintermal weak pull-up arm all inputs.
RBOANT 21 b 1w TTLSTI RBO ean also ba tha extarnal intemu pt pin,
RE1 22 22 1 TTL
RB2 23 23 1 TTL
RBIPGM 24 24 1Q TTL RB3 can aleo be the iow voltage programming input.
RB4 25 25 ([} TTL Intermupt-on-change pin.
RBS 28 28 15 TTL Inlerrupt-an-change pin.
REGPGC o7 27 1 TTLSTR Intsrrupt-on-changs pin or In-Circuit Debugger pin. Serisl
programming clock.
RBIPGO b} 3 [Fad TTLSTE Interrupt-on-change pin or In-Circuit Debugger pin. Serisl
pragramiming dats,
PORTRC is a bi-directional 1O port,
ROUMIOSOIT1CKI 1 11 10 8T RCE can also be the Timer! cecillator output ar Timsr
clock input.
RCUT1OSICCP2 12 12 [Fis] &T R canales be the Timer oscillator input or Caplure?
input/Compared output/PYWM2 oufput.
RC2RCEM 12 13 165 ST RC2 cannlea be the Captunet in Pt Comparet oultput!
PWI1 output.
RCISCKAECL 14 14 153 ST RC3 can sisx be the synchronous serial clock inputiouiput
for both SPI and 2C mades.
RC4rsDISDA 15 186 s ST RC4 can alse bethe SP! Data in (SPI med ajor
data WO {RC moda).
RCS/AD0O 16 18 Fa] 8T RCS can alsa be the 8P| Data Out (8FI mode).
RCBATNICK 17 17 1 8T RCE can siso be tha USART Asynchranous Transmit or
Synchrancus Clock.
RC7/RXDOT 18 18 Vo 8T RC7 zan aiso ba the USART Asynchronous Rageive or
Synchroncus Diaty,
ves 8,18 8,18 P — Gmmhlﬂmaﬂdmplns.
o 20 20 P — Pos Rive supply far logic and KO pins.
Legend: I=imput O= output 11D = inputésutput P = power
—=HNd used TTL =TTL input $T = Schmitt Triggarinput
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SPECIAL FUNCTION REGI STERS

The Special Function Registers are registers used by the CPU and peripheral modules for controliing the
desired operation of the device. These registers are implemented as static RAM. A list of these registers is
given in Table

The Special Function Registers can be classified into two sets: core (CPU) and peripheral, Those registers
associated with the core functions are described in detail in this section. Those related to the operation of
the peripheral features are described in detail in the peripheral features section.

_ ) ) vatueon: | Dstais

Adtrens Name BT BiE§ ais Bity Bit3 Btz 8 4 8tn POR, on
[ Bage:
Bank 6

aon) INDF At th% localion usss conisnts of i D addiees tals ek a sl acas szonf] 27
tl‘lrh:" THRG Tienarts Mguul:hrmm = = axxw xexxwl 4y
g2 PCL i PCY Lasst B g SELG Nroe 26
0 | sTarus 1P ] 5] Yo N | z_ 1 ove | ¢ GG 1xwx] 18
@P | re Indinest Dats Memery Adriiees Pentar e wonx | 2¢
[0 FORTA e PORTA Dals Lateh when wiltan PORTA o when rege Sousw nean] A
Bh PEIRTR PORTR Data Latet whon witlon: BORTH pins whan [ xaux wxxse |  $1
arh PORTC PORTE Data Latoh whan writiser PORTC ins whan rear . ®oox weex| a3
wsf | porrp PORT Cala Lakt whon willen. Aarom i whien rews1 xxvn wxex] Ay
OShE4) PORTE oo~ -axx| 3B
SAREHY | ey ATH S =] Wdlo Bulfer tr ing unpers g - oo assn]  ug
et INTCON GIE PEIE TE INTE ueve samx| ap
acn PIR1 FSPIFE | A ROIF IXF oata psse] 22
[0 PIRR EEIF ke )
QER TMRIL Holdi 181 for i Lemst S nifcant xwcs xexxe| 52
OFh THR1N ol Ror M foxt xxaw xexxl g2
10h TICON TICKPS1 | TACKPSD | TIOSCEN TIZYNC | THRICS T THRTON | -oag aras| 51
11h THRZ Timarz Moduls Regiilar wiou sisn] &G
12h T2C008 : TOUTPSS | r2oN | Tickesy T2CKPS0| -teg gszoo| &
13h SSPELUF i S Saual Port Recoivs Batier Tnamit Reg xxex sxex| 70,78
Mh SSPOON WL | SSPov | sseen CKP B8NS | SSPMZ | ssean | ssea0 Tovon neool o7
1Sh COPR1L | % XX xxxx) ST
Wh CUPRTH 1 XAV XXWK .14
17h CCPICON ECMX | cemy | copag CCPilz | CoPint | Ccoping | oo szoe] ma
5h RERIA SPEN Rxg EREN CREN | aAnpen FERR OERR ReSD o9
19h TUREG LISART Transnit Dty Feplater
1Ah
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CAPTURE/COMPARE/PWM MODULES

Each Capture/Compare/PWM (CCP) module contains a 16-bit register which can operate
asa:

* 16-bit Capture register

* 16-bit Compare register

* PWM Master/Slave Duty Cycle register Both the CCP1 and CCP2 modules are
identical in operation, with the exception being the operation of the

special event trigger. Table 8-2 show the resources and interactions of the CCP
module(s). In the following sections, the operation of a CCP module is described with

respect to CCP1. CCP2 operates the same as CCP1, except where noted.

CCP1 Module:

Capture/Compare/PWM Register] (CCPR1) is comprised of two 8-bit registers: CCPRIL
(low byte) and CCPRIH (high byte). The CCP1CON regist1.er controls the operation of

CCP1. The special event trigger is generated by a compare match and will reset Timer

CCP2 Module:

Capture/Compare/PWM Register2 (CCPR2) is comprised of two 8-bit registers: CCPR2L
(low byte) and CCPR2H (high byte). The CCP2CON register controls the operation of
CCP2. The special event trigger is generated by a compare match and will reset
Timerland start an A/D conversion (if the A/D module is enabled).

CCPx Mode | CCPy Mode Interaction

Captures Capture | Same TMR1 ime-base
Capture Compara | The compare should be configuned for the spacial event irigaer, which clears TMR1
Compare Compars | The compare{s) should be configured for the special event trigger, which clears TRRY

PWM PWM Tha PWMs will have the same frequency and update rate (TMR2 interrupt)
PWM Capturs | None
PWM Compare |None
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CCP1CON REGISTER/CGP2CON REGISTER (ADDRESS: 17h/1Dh)

u-g u-o RW-0  RW.0 RWO  RAMO RWO  RW.O
CCPxX | CCPxY | CCPaM3 | copxma | copxm | CCPxMO |
bit 0

bit 78 Unimplemonted: Read as 0"
bit 54 CCPxX:COPXY: PWM Least Significant bits

Capture mode:

Unused
Unused

EWH mode:

Thass bits gre the two LSbs of the PWM duty cyela. The eight MSbs ars found in CCPRxL

hit 3-Q COPxM3:CCPxMD: CCPx Mode Select bits

2800 = Capture/Compare!PWM disabled fresets COPx module)

2100 = Capturs mode, svery falling edge

0101 = Capture mads, every rising edge

5110 = Capture made, every 4th rising edge

2111 = Capture mode, every 18th rising edge

1000 = Compare mode, set output on match {COPKIF bit is sext)

1801 = Compare mode, clear output on match (CCPYIF bit is set)

1010 =Compare mode, generate software interrupt on match (CCPF bit is set, CCPx pinis
unaffectad)

1511 = Corpare mode, trigger special event (CCPxIF bitis get, COPx pinis unaffected); CCP1
resets TMR1; CCP2 resets TMRY and starts an A/D conversion Gif AD module is
snabled)

11xx = PWM mode

Legend:
R = Readable bit W = Writable bit U = Unimplemerted bit, read as ‘0’
- n = Value at POR 1'= Bit is set ‘0’ = Bit is cleared X = Bit is unkniown




PWM Mode (PWM)

In Pulse Width Modulation mode, the CCPx pin produces up to a 10-bit resolution PWM
output. Since the

CCP1 pin is multiplexed with the PORTC data latch, the TRISC<2> bit must be cleared
to make the CCP1 pin an output.

Figure shows a simplified block diagram of the CCP module in PWM mode.

SIMPLIFIED PWM BLOCK
DIAGRAM

Dy Cyele Ragisters mmmr COP1CONSA>
[ COPRIL | |

¥

| GCPR1H (Slave); j
. RCZILCM
e
o—s
TRIBE 2>

e e
Bich e

Hote t: Tho @&t limer i conemanalad with 2-bit internal
@ or 2 bits ol tha prescaler, ko craato 10-bit tims-
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SETUP FOR PWM GPERATICN

The following steps should be taken when configuring the CCP module for PWM operation:

1. Set the PWM period by writing to the PR2 register.

2. Set the PWM duty cycle by writing to the CCPR1L register and CCP1CON<5:4> bits.
3. Make the CCP1 pin an output by clearing the TRISC<2> bit.

4. Set the TMR2 prescale value and enable Timer2 by writing to T2CON.

5. Configure the CCP1 module for PWM operation.

REGISTERS ASSOCIATED WITH CAPT URE, COMPARE, AND TIMER

Valuz on: | Value on

Agdross | Name | sty | Bte | BHs Bit4 Bt 3 Bitz | Bity Bito POR, all ofher

BOR RESETS
[DEN@BN, |INTCON | GE | PEE 7 “{cone orox|oont oo

10Bh, 188h .

oCh PR1 CCP1IF TMRIF Josor anasfosan soao
GBh PiR2 CCP2IF Lo e i
&ch PIE1 CoP1E TMRIE [saos esanfaues ocay
B80h PE2 CCP2E {--uu wuclfencn wnug
B7h TRISC PORTC Data Diraction Registar 3311 1113331311 13113
OER TMRIL  |Hoiding Registar for the Luast Significant Byte of the 18-bit TMR1 Register XX oo oy woug
OFh THR1H | Holding RogisterTor the Mast Spnifcant Byls orthe 16-bit TMR1 Rapistar XXX waoexhanm wan
10N T1CON T1cm=s1|T1c|q=su|noscen|T1smc|ma1cs|mmou ~-08 0tao]--us wam
15h CCPRIL [Captura/Comparamwm Registert (LSB) XXXX XML Wy
16h XXX XXXXfUHUG W
1M --p8 oono]--o0 ocan
18h xXnx xohann uan
1Ch XY XXX JLUUG @
10h CCP2CON 1 ocP2ms |ecPame| coraut [ecremo|--ov canol--m0 osao|

Noto +: Tho PEP I8 nai Implamentad on the PIC 16FE73/87E; aways maintain thess bits cigar,
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REGISTERS ASSOCIATED WITH PWM AND TIAER2

Lagand:  x = unknown, 1 = unchanged,

Value an: | Value on

Adtress | Name FOR, ol other

BOR REBETE
0BhBBh, |INTCON oo soox|soos vosn

10BN, 158N

och PIRY uss poanfans: oonp
ooh PIRZ SEETEE | EETTPY.
aCh PIE1 qoEg poasjonne DODO
aDh PIEZ = o F ) = COPIE [ --- D 5
87 TRISC PORTC Data Direction Register 13ik aizifziiz oiiin
11h TMRZ Timar2 Module's Reglstar auss peapjanse poup
azh PR2 Tlmarz Maduki's Period Reglstar 131 1iafsias sz
12h | -pi ooan|-uoe pose
15h exxe nxaxiooun mam)
16h Xxxx e fuuus o
im ~~ 80 DOUO|~-DC BOGH
1Bh POEX XXk fuunn wan
1Ch XXX %300 furian; wasit
ccrzx | corey | ocrams [ocrama [ copamt [eoramo|--vo sodo]--se ooeo

= Lnimplemanted, read 28 0. Shaded tells are not usad by PYWM and Timerz.
Note 1! Bils PSPIE and PSPIF are resarved on ihe PIC18FBTXETS; always maintainthese bits clear.
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* DATA SHEET FOR IRF540
284, 100V, 0.077 Ohm, N-Channel Power MOSFETys

These are N-Channel enhancement mode silicon gate power field effect transistors, They are advanced power
MOSFETs designed, tested, and guaranteed to withstand a specified level of energy in the breakdown avalanche mode
of operation. All of these power MOSFET:s are designed for applications such as switching regulators, switching
convertors, motor drivers, relay drivers, and drivers for high power bipolar switching transistors requiring high speed
and low gate drive power. These types can be operated directly from integrated circuits.

Features

* 28A, 100V

* rDS(ON) =0.077

* Single Pulse Avalanche Energy Rated
* Nanosecond Switching Speeds

* Linear Transfer Characteristics

* High Input Impedance

Symbol Packaging

JEDEC TO-220AB
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Absolute Maximum Ratings 1o =25, Unless Qtherwise Spenified

Drain to Snmﬂraakdwmvmmge Mooty ... ... Vog
DmintoGsteVolisgeiRGs=2OkQ)(Nmz1).....A.......A...,...A.......A....VQGH
CnnﬂnunusDrainCurmnt..............................................

PubadnrainCurrent(Natea}....A...“...A...4...,......4..,.‘...“......,..IDM
GatataSourae%ltage..“..,...........‘...........‘.......‘..A..,.‘......\!Gs
Maxinumpmernlsslpaﬁan......A,..........,...1............‘..A...“..A...PD
l}lsslpaabnberaﬂngl-acmr
ShglePlﬂs&%aMleEnafngaling(anetlj.....‘...‘..x.,.,..‘...x...,........EAS

Overaling and Slorage Temperature.... ... Ty, Tgre
Maximum Temperature for Soldering
Leads 21 0.083in (1.8mm) Irom Case for 105 T
Patksge Budy for 108, See Techlylst 334 B Tpkg

1. Ty=25% I T, = 1500,
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IRF540, RF185408M UNITS
196 ¥
160 v
3 A
0 A
116 A
24 y
126 W
HE:| WA
230 ml

S5ta 175 %
300 %
260 %



