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Synopsis

The demand for control of electric power for motor drive
systems and industrial applications has existed for many years. With the use
of power electronic devices control of many applications has become easier.

An inverter is a power electronic system that converts a variable
or fixed DC supply into a variable ac output. Inverters find wide applications
in areas such as variable speed ac motor drives, induction heating, standby
power supplies etc.

In our project we have implemented the basic inverter in a high
frequency configuration. High frequency power has several advantages over
the conventional power system in the fact that it helps to improve overall
system efficiency, speed of operation and reducing the power elements used.
Currently a maximum frequency of 250 Hz is can be generated using our
hardware. Further improvements like increasing the maximum frequency

can be easily done by minimal changes in hardware.
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Introduction

Inverters are power electronic systems that convert a variable or
fixed dc supply into a variable ac output. Inverters can be widely classified
into two types :
(i)  Single phase inverters.

(ii) Three phase inverters.

Each type can use controlled turn-on and turn-off switches
likeBJTs, MOSFETs, IGBTs, MCTs, or GTOs. An inverter is called a
voltage source inverter if the input voltage remains constant and a current
source inverter if the input current is maintained constant.

The high frequency inverter consists of five basic segments.
They are:

(i) Power supply segment

(i) AC-DC converter

(iii) Inverter segment with gate drive

(iv) Microcontroller with isolation segment

(v) Display segment

1.1 Power supply :



The power supply requirements for all the segments has
been considered and the power supply suitably designed. There
are a total of six separate DC regulated power supplies in this
segment supplying the MOSFET gate drive circuit, the
microcontroller and the display segment. The power supply
uses a standard diode rectifier configuration along with a
voltage regulator IC(LM 78xx) to produce a ripple free output.

1.2 AC-DC converter :

The input for an inverter can be variable or fixed dc
supply. Here a fixed dc supply is obtained by using a diode
rectifier and s filtering capacitor to provide a constant voltage

source.

1.3 Inverter segment with gate drive :
The inverter configuration is achieved by using a
MOSFET H-Bridge. The MOSFETs used are standard N-
Channel power MOSFETs. The MOSFETs are provided with
separate floating grounds from separate sources to avoid ‘Cross
Conduction’. The gate drive is a simple, low impedance ‘Totem
Pole’ TTL drive. The gate pulses to the MOSFETs are Pulse
width modulated signals used to eliminate harmonics in the
output stage.
1.4 Microcontroller with Isolation :
The control circuitry utilizes the services of the RISC
microcontroller. The controller used here is the PIC 16F877

manufactured by microchip. The microcontroller is isolated from



the power devices by using opto isolators. These provide excellent
protection for the controller from the high voltages developed in

the inverter stage.

1.5 Display segment :

The frequency set by the user is displayed using standard
seven seven segment displays. The drive for these display
segments is obtained from a BCD to Seven Segment display
decoder/driver(74LS47). The decoder IC accepts bed data and
decodes them to be displayed in the display segments.

1.6 About High Frequency Power :

With the advent of power semiconductors many different
frequency changers, namely static frequency changers have increasingly
been employed in most industry and recently in homes and
offices.Especially high frequency power can find applications such as motor
drives,induction heating and fluorescent lighting.

By operating power systems at high frequency, the system can
be made compact because of the large reduction in the size and weight of the
transformers, reactors, capacitors and circuit breakers. Use of high frequency
also speeds up system speed and provides high quality power. Moreover
newly developed materials like amorphous metal and low dielectric loss

materials can be more effectively than in a 50/60Hz power system.



It is important to select a proper frequency,which must take into
account not only the requirements for much higher frequency from utilities
but also the limits of the power elements. The following are the significant
advantages to the utilization equipment that a high frequency system

provides over a conventional 50/60Hz system.

v" Large reduction in the size of transformers, reactors and electric
machines, consequently resulting in improved efficiency and

reduced cost of the electrical apparatus.

v’ Tron losses can be significantly reduced if amorphous materials
are used for construction of reactors and transformer cores.

v Saving dielectric materials of capacitors, which make the
capacitors compact and lower cost. Therefore loads with lower
power factors can be economically used.

v The power source can offer an uninterrupted power supply by
connecting some energy storage units to the power converter.

v Because the frequency is several times the conventional

frequency the speed of electrical systems can be improved.

1.7 APPLICATIONS OF HIGH FREQUENCY POWER :
(a) High Speed Motors :

High speed motors find applications in various high power
applications such as turbine compressors, and blowers for
pipelines. Most of these high speed motors will have to use high
frequency power to operate at such a large scale. These motors are

compact and maintenance free.



(b)Induction Heating :
In Iron and Steel industry, high frequency power has been
widely used for melting of cast steel and alloy in induction furnace,
heating of steel bars and heat treatment of steel tubing and pipes by

offering advantages of high efficiency, cleanliness, compactness of

equipment and ease of control.

(c)Lighting Apparatus :

The use of high frequency supply to fluorescent and mercury
lighting systems will result in dramatic reduction in size of size
and improve system stability and efficiency. Moreover dimming of
the lighting system becomes more easier and economical.

(d)Quick Response DC Power Supply :

It is clear that high power and quick response dc power supply

using thyristor converter is available only in high frequency power.

Particularly quick response control of dc power supply is more

easier.
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Power Sugglg Segment

3.1 Overview:

The power supply segment consists of six separate regulated
power supplies. The design of six separate supplies was necessitated by the
fact that the gate drives to the MOSFETS required separate floating grounds
and that the microcontroller requires a different value of dc voltage for its
operation.

The regulated power supply consists of the following key
components:

(i) Diode rectifier
(i) Capacitive filter at the input stage of the regulator
(iii) Regulator IC(LM 78xx series)

(iv) Capacitive filter at the output stage to reduce ripples.

The schematic of the individual power supplies in the module is

shown below :
Fig 2
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3.2 Features of LM78XX:

One of the critical components used in the circuit is the LM

78xx series regulator IC. Some of the key features of the IC are:

> Effective improvement in output impedance of two orders of
magnitude.

> Output current of over 1.5A.

» Voltage tolerance of 5%.

> Internal thermal overload protection.

> Internal short circuit current limitation.

» Linear positive regulator.
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Power Device Selection

/

The choice of the power element used in the inverter is done
under the following constraints :

(i) High switching must be possible.

(ii)) Ease of gate drive.

Various choices are available for the power element to be used
among which are SCRs, GTOs, IGBTs, SITs, BJTs , MOSFETs etc.. Among
these options the thyristor family of devices is not suited for high switching
speeds due to their commutation and device protection constraints. Among
the power transistor family MOSFETs(Metal Oxide Semiconductor Field
Effect Transistor) and IGBTs(Insulated Gate Bipolar transistors) are the best
possible options. MOSFETs among the two are the ideal choice for high

frequency inverters.

4.1 MOSFET Specifications :

A power MOSFET is a voltage contolled device and requires
only a small amount of input current. The switching speed is very high and
the switching times are in the order of nanoseconds. MOSFETs are of two
types, p-channel and n-channel. Either of these types can be used in the
inverter but p-channel type is not preferable due to its considerable
switching and conduction losses which is much higher than that of the n-
channel type at high frequencies. The following requirements are essential

for a switching device such as a MOSFET used in an inverter:

¢ Dynamic dv/dt rating.



% Repetitive avalanche rating.
+ Fast switching.

+ Ease of gate drive.

+ Ease of paralleling.

+» Low ON resistance.

< Low thermal resistance.

< Rugged device design.

4.2 MOSFET Parameters:
(i) Breakdown Voltage :

Breakdown voltage is the voltage at which the reverse-biased body-
drift diode breaks down and significant current starts to flow between the
source and drain by the avalanche multiplication process, while the gate and
source are shorted together.

(i) Transconductance :

Transconductance, gfs, is a measure of the sensitivity of drain current
to changes in gate-source bias. This parameter is normally quoted fora Vgs
that gives a drain current equal to about one half of the maximum current
rating value and for a VDS that ensures operation in the constant current
region. Transconductance is influenced by gate width, which increases in
proportion to the active area as cell density increases.

(iii) Threshold Voltage :

Threshold voltage, Vth, is defined as the minimum gate electrode bias
required to strongly invert the surface under the poly and form a conducting
channel between the source and the drain regions. Vth is usually measured at
a drain-source current of 250pA.

(iv) Diode Forward Voltage :



The diode forward voltage, VF, is the guaranteed maximum forward

drop ofthe body-drain diode at a specified value of source current.

(v) Power Dissipation :
The maximum allowable power dissipation that will raise the die

allowable when the case temperature is held at 250C is important. It is give
by Pd where:

pdwijax-ZS
Ripic

(vi) dv/dt Capability :

Peak diode recovery is defined as the maximum rate of rise of drain-
source voltage allowed, i.e., dv/dt capability. If this rate is exceeded then the
voltage across the gate-source terminals may become higher than the
threshold voltage of the device, forcing the device into current conduction

mode, and under certain conditions a catastrophic failure may occur.
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Gate Drive Reguirements

5.1 Requirements :
To turn on a power MOSFET a certain charge has to be

supplied to the gate to raise it to the desired voltage, whether in the linear
region, or in the "saturation” (fully enhanced) region. The best way to
achieve this is by means of a voltage source, capable of supplying any
amount of current in the shortest possible time. If the device is operated as a
switch, a large transient current capability of the drive circuit reduces the

time spent in the linear region, thereby reducing the switching losses.

On the other hand, if the device is operated in the linear mode, a
large current from the gate drive circuit minimizes the relevance of the
Miller effect, improving the bandwidth of the stage and reducing the
harmonic distortion. The above considerations are more clearly understood

by analyzing the MOSFET’s ON-OFF waveforms shown below :

Waveforms during turn-ON process :
Fig 3
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Waveforms during turn-OFF process :
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Care should be exercised not to exceed the gate-to-source
maximum voltage rating. Even if the applied gate voltage is kept below the
maximum rated gate voltage, the stray inductance of the gate connection,
coupled with the gate capacitance, may generate ringing voltages that could
lead to the destruction of the oxide layer. Overvoltages can also be coupled
through the drain-gate self-capacitance due to transients in the drain circuit.
A gate drive circuit with very low impedance insures that the gate voltage is

not exceeded in normal operation.

From the model of the MOSFET during switching shown
above, it is clear that ‘Miller Effect’ has an influence in the MOSFET
switching process. It is explained as follows: During the period t1 to t2 some
voltage is dropped across "unclamped" stray circuit inductance in series with
the drain, and the drain-source voltage starts to fall. The decreasing drain-
source voltage is reflected across the drain-gate capacitance, pulling a
discharge current through it, and increasing the effective capacitive load on
the drive circuit.

This in turn increases the voltage drop across the source
impedance of the drive circuit, and decreases the rate of rise of voltage
appearing between the gate and source terminals. Obviously, the lower the
impedance of the gate drive circuit, the less this effect will be.

Similar considerations affect the turn-OFF process in
MOSFETSs, therefore it is critical to have low output impedance drive circuit,
not only to reduce switching Losses, but also to clamp down unwanted

transients from entering the gate.



Gate Drive Selection

/

5.2 Selection of gate drive :

Considering the factors mentioned in the previous chapter a
TTL (Transistor Transistor Logic) ‘totem pole’ drive is suited because of its
simplicity and low output impedance and high input impedance. The

schematic is as shown below:

TTL Totem Pole Drive :
Fig 6
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With a gate charge of 60 nC and at a switching frequency is 100kHz, the

power lost in the gate drive circuit is approximately:



P=VGSxQGxf= 12 x 60 x 10-9 x 100 x 103 = 72mW

The driver devices must be capable of supplying 1A without significant
voltage drop, but hardly any power is dissipated in them. Whenever better
switching performance is required, interface circuits should be added to

provide fast current sourcing and sinking to the gate capacitances.
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High Frequency Inverter

P S s B
6.1 Overview :
An inverter is the name given to a device that produces an AC,
signal usually from a DC supply. Inverters are now commonplace in
industry; their uses include, variable speed drives, induction heaters and

uninterruptible power supply (UPS) systems. The basic block diagram is as

shown :
Fig 7
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There are four main types of inverter; voltage source, current source, pulse
width modulation (PWM) and the cycloconverter. Inverters can be broadly

classified into two types, namely, single and three phase inverters.
6.2 Single phase inverters :

The basic single phase inverter schematic is as shown :

Fig 8
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In a single phase inverter two power electronic switches are
conducting at any particular instant. In the schematic shown above, switches
s1 and s4 are turned ON together while s2 and s3 are OFF. In one complete
cycle s1 and s4 are ON for a specified duty cycle and s2 and s3 are ON for
the remaining period in the same cycle. When the above method of operation

is followed the output is as shown below :
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Fig 9

6.3 Three phase inverters :

Three phase inverters are more common in industrial
applications due to their superior power capabilities. There are usually
six power switches used in these inverters. There are two ways in which a
3 phase ac output can be produced from this inverter,

(i)  180° Conduction of power elements

(ii)  120° Conduction of power elements

In the first case three power elements are ON at any instant and they each
conduct for half a cycle. In the second case only two power elements are
ON at any instant and they conduct for one third of the cycle. In both
cases the gating signals of the power elements’ are delayed by 60°
mutually with respect to one another. The following diagram shows the

3 phase inverter :



Fig 10
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In 120° degree conduction mode two power elements are ON at
any instant of time, remaining ON for one thirds of a cycle and separated
from each other by 60°. The gating signals follow a similar pattern, the
sequence for the schematic shown above:(1,5),(1,6),(6,2),(2,4),(4,3),(3,5)
before the sequence repeats again. The output of the inverter for the above

operation is as shown :

Fig 11
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In both the inverters mentioned above the output is a coarse
approximation of a sine wave with a large amount of harmonics still
present. This can be avoided by the use of Pulse Width
Modulation(PWM) wherein a series of pulses are fed as the gating
signals instead of a single pulse per element per cycle. On filtering the
output the output shown above using an L-C filter a smooth sinusoidal

output can be obtained.
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Pulse Width Modulation
;
7.1 Overview :

In previous methods all the devices were switched with the
same frequency of singular pulses, this provides an output that is a poor
approximation of the sine wave. Pwm uses a train of pulses of varying
duty cycle to control the output of the inverter to a close sine wave

approximation. The following illustration shows the concept :

Fig 12
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There are many ways of generating a pwm output including
. Single pulse width modulation
« Multiple pulse width modulation
. Sinusoidal pulse width modulation
. Modified pulse width modulation

. Phase displacement control



7.2 Sinusoidal Pulse Width Modulation :

Although these are different ways of generating a pwm wave
they differ only in the carrier circuit used fot modulating the input signal.
The following illustration shows the principle behind generating these pwm

waves.
Fig 13
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Since the inverter must produce an output that is a close
approximation of a sine wave the pwm signals used in an inverter must
follow a sinusoidal modulation. The following illustration shows the
pwm output after a sinusoidal modulation :

Fig 14

Catrier Wave

Vi

Fundamental t {1 4"
Wave:

Vimr—ieEim g
Qutput ] :
Puises ] :




As shown in the diagram, the gating pulses to the MOSFETs are varying the
duty cycle of the MOSFET according to a sinusoidal wave. Thus a close
approximation to a sie wave can be obtained as an output. After sufficient

filtering a perfect sinusoidal wave can be obtained.



Chapter 8 — Frequency Display



_ DisplgySegment__
The frequency set by the user is displayed as asset value using
the display segment. The segment consists of standard seven segment
displays and BCD to seven segment decoder/driver IC(74L847).
The BCD to seven segment decoder/driver IC is primary
controller of the sdisplay, has the following key features :
¢ The DM74LS47 accepts four lines of BCD (8421) input data,
generates their complements internally and decodes the data with
seven AND/OR gates having open-collector outputs to drive indicator
segments directly.
¢ Auxiliary inputs provided for lamp test, blanking, cascadable zero
suppression.

The illustration below shows the pin diagram and the pin description:
Fig 15
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Pin Descriptions

~Pin Names Description
AO-A3 D inputs
REt Rippls Blanking Input (Active LOW)
o Lamp Test input {Active LOW)
WREO Blanking Input (Active LOW) or

Ripple Blanking Output (Active LOW)
a-g Sagment Outputs (Active LOW) (Nate 1)
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Fig 16
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A total of three BCD to seven segment decoder/driver Ics have been
from separate microcontroller ports. The following table shows the truth

used in the display segment and the inputs to the drivers are obtained

table of the driver :

10
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Switching and Isolation

/

The microcontroller needs to protected or isolated from the
power element or the inverter segment. Furthermore the microcontroller
provides a PWM output only in one of its output ports and in particular only
one pin. To effectively isolate and also efficiently switch multiple power
elements simultaneously, the switching and isolation segment is essential.
This segment consists of two basic components :

(i) Digital/Analog switches

(ii) Optical Isolators

9.1 Digital/Analog switches :
The switching of multiple power elements is achieved by the
usage of the Quad Bilateral Switch provided in the CD4066 integrated

circuit. The afore mentioned IC has the following internal schematic :

Fig 17

Schematic Diagram
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The typical features of this analog/digital switch are :

o High noise immunity.

o Wide range of digital and analog switching.

o ON resistance flat over peak to peak signal range.
o High ON/OFF output voltage ratio.

o Extremely high control input impedance.

a Frequency range of over 40 MHz.

a High degree linearity.

The internal connection diagram of the analog/digital switch package is

shown below :

Fig 17
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The typical applications include signal gating, chopper, commutating

switch, multiplexing etc.



9.2 Optical Isolators :

The optoisolators act as buffers between the microcontroller and
the high voltage side thus shielding the microcontroller from damage.
The optoisolators used employ light emitting diodes in one side and
photo transistors on the other side to effectively act as a buffer between

two different voltage levels. The schematic used is as shown :
Fig 18

SCHEMATIC
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Control Segment
’
The control segment primarily consists of the PIC 16F877
microcontroller and its related components. The microcontroller is the heart

of the whole project, directing various activities simultaneously. The

activities of the microcontroller include :

& Generating PWM output for various sine frequencies specified by the

user.

% Scanning for user input from interrupt sources.

< Constantly updating PWM duty cycle and period.

< Converting analog inputs into digital data for further processing and
display.

< Monitoring and discriminating interrupts and analog inputs.

The following illustration shows the functional blocks of the

control segment along with the peripheral segments :



Functional Block Diagram
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PIC M ler Architectur

Pin Diagram

PDIP

WERAPATHY —n [
RAG/ANG weeie= []
RAVANT et [

RA2IANZNREF- wt—ae[]

] =—» RB7/PGD
[] = RE6PCC
[] w4 RBS
] +—= RB4

RAVANYVREF+ we—gv [} ] w—e RBIPGH
RASITOCK| egpeme [ [] e RE2
RAS/ANASS «s—a [ ] 4t RBE1

O~ DN W R

REONDVANG «s—= [
RE1WRANG «a—= ]

[} «a—a RBOINT
) e VDD

RE2CSIANT -s=—m-[] 10 [] e Vs
VOO et~ [] "] @ RDIPSPT
vas e ] 12 [} «—= RDEPSPSE

OSCI/CLKIN —s= ] -
OSCZCLKOUT e[
RCOMOSOMICK] et []
RC1T10SVCCP2 wg—a [
RC2CCP1 e [ -
RC3/SCKISCL. -ste [
RDOPSPO ~— [
ROV/PSP1 == []

-t
(%]

[] ««—e= RDSPEPS
] e—e RD4PSP4
[} wt—ar RCHRX/OT
:H RCGETX/CK
[] <= RCSSDO
"] = RCA/SDISDA
[} «+—a ROVPSPI
[] w—e RD2PSP2

PIC16F877/874

P =
W W M A

NNRERBNRRBLERLEBLEES

[>]
Q

Microcontroller Core Features:
« 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

« Interrupt capability (up to 14 sources)

o Direct, indirect and relative addressing modes



« Power-on Reset (POR)

s Power-up Timer (PWRT)

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

« Fully static design

« In-Circuit Serial Programming (CSP) & two
pins

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

« Commercial and Industrial temperature ranges

» Low-power consumption:

- <2 mA typical @ 5V, 4 MHz

- 20 DA typical @ 3V, 32 kHz

- <1 DA typical standby current

Peripheral Features:

« Timer0: 8-bit timer/counter with 8-bit prescaler
« Timerl: 16-bit timer/counter with prescaler,
can be incremented during sleep via external
crystal/clock

« 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 SPIO(Master
Mode) and 12CO (Master/Slave)

« Universal Synchronous Asynchronous Receiver
Transmitter (USART/SCI) with 9-bit address
detection

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

Brown-out‘ Reset (BOR)



PIC 16F877 ARCHITECTURE :
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Program Memory Organization :

The PIC16F87X devices have a 13-bit program countercapable of
addressing an 8K x 14 program memory space. The PIC16F877/876 devices
have 8K x 14words of FLASH program memory and the PIC16F87 3/874
devices have 4K x 14. Accessing a location above the physically
implemented address will cause a wrap around. The reset vector is at 0000h

and the interrupt vector is at 0004h.

Special Function Registers :
STATUS Register :

RM-0 RMN-0 RMW-0 R-1 R-1 R/W-x FRAV-X RAN-x
|IrRP |rRP1 TRPo_ |TO e [z | [215) [c— ] |R = Readable bit
bit7 bito W = Writable bit
U = Unimplemented bit,
read as "0’

- n= Value at POR reset

bit 7: IRP: Register Bank Select bit (used for indirect addressing)
1 = Bank 2, 3 (100h - 1FFh)
0 = Bank 0, 1(00h - FFh)

bit B-5. RP1:RPD: Register Bank Select bits {used for direct addressing)
11 = Bank 3 {180h - 1FFh)
10 = Bank 2 (100h - 17Fh)
01 = Bank 1 (80h - FFh)
0o = Bank 0 (0Dh - 7Fh)
Each bank is 128 bytes

bit 4;: TO: Time-out bit
1 = Afer power-up, CLRWDT instruction, or SLEEP instruction
o = A WDT time-out occured

kit 3: PD: Power-down bit
1 = After power-up or by the CLRWCT instruction
o = By exscution of the SLEEP instruction
kit 2: Z: Zero bit
1 = The result of an arithmatic or logic oparation is zero
& = The result of an arithmetic or logic operation is not zero
Lit 1: DC: Digit carry/borrow bit (ADDWP, ADDLW, SUBLW, SURWF instructions)
(for ‘ow the polarity is reversed)
1 = A carry-out from the 4th low order bit of the result occurred
o = Na carry-out from the 4th low order bit of the resuit
Lit 0:  C: Carry/Borrow bit (ADDWF, ADDLW, SUBLW, SUBWF Instructions)
1 = A carry-out from the mast significant bit of the result occumrad
0 = Mo carry-out from the rmost significant bit of the result occurred
Note: For BGrrow the polarity is reversed. A subtraction is exmcuted 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
Lit of the source register.




INTCON Register :

RAW-D RW-0 RMW-0 RW-0 RW-0 RWJO RW-0 RMW-x

1=En

1=Emn

ables all un-masked peripheral interrupts

1= Em

1 =En

bit 3: RBIE:
1=En

1= At

[Ge [pee [toe _JNTE |RBE |TOF [INtTE[RBIF | |R = Readabie bit
bit7 bitd W = Writable bit
U = Unimplemented bit,
read as ‘0’

bit 7: GIE: Global interrupt Enable bit

0 = Disables all interrupts
bit 5 PEIE: Peripheral Interrupt Enable bit

¢ = Disables all peripheral interrupts
bit 5. TOIE: TMRO Overflow Interrupt Enable bit

¢ = Disables the TMRG interrupt
bit 41 INTE: REBO/INT External Interrupt Enable bit

o = Disables the RBOANT external interrupt

o = Disables the RB port change interrupt

bit 2: TOIF: TMRO Qverflow Interrupt Flag bit
1 = TMRO register has overflowed (must be deared in software)
p = TMRO register did not overflow
bit 1: INTF: RBO/INT External Interrupt Flag bit
1 = The RBO/ANT external interrupt occurred (must be deared in software)
0 = The RBU/INT exterral interrupt did not ocour

bt 0: RBIF: RB Port Change Interrupt Flag bit

0 = None of the RB7:RB4 pins have changed state

- n= Value at POR reset

ables all un-masked interrupts

ables the TMRO interrupt

ables the RBO/INT external interrupt

RB Port Change Interrupt Enable bit
ables the RB port change interrupt

least one of the RBT:RB4 pins changed state (must be cleared in software)

I/O Ports :

Most of the pins for /O ports are multiplexed with an alternate function

for the peripheral features on the device. In general, when a peripheral is enabled, that pin

may not be use

d as a general purpose I/O pin.

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).Reading the PORTA register reads the status of the

pins, whereas writing to it will write to the port latch. All write operations
are read-modify-write operations. Therefore, a write to a port implies that
the port pins are read, the value is modified and then written to the port data

latch.

Structure Of I/O Port Pins :

Data
By

WR

WR
TEE CK—L G

l —— l——
RD TRIS

Q |
EN
RD PORT | ——|
— >

To AJD Corvarter

Mote 1: 17O pins have protection diodes to VDD and /88




PORTB and the TRISB Register :

PORTSB is an 8-bit wide, bi-directional port. The corresponding data
direction register is TRISB. Setting a TRISB bit (=1) will make the
corresponding PORTB pin an input (i.e., 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). Three pins of PORTB are multiplexed with the
Low Voltage Programming function; RB3/PGM, RB6/PGC and RB7/PGD.
Each of the PORTB pins has a weak internal pull-up. A single control bit
can turn on all the pull-ups. This is performed by clearing bit RBPU
(OPTION_REG<7>).

Four of PORTB’s pins, RB7:RB4, have an interrupt on change
feature. Only pins configured as inputs can cause this interrupt to occur (i.e.
any RB7:RB4 pin configured as an output is excluded from the interrupt on

change comparison).

PORTC and the TRISC Register

PORTC is an 8-bit wide, bi-directional port. The corresponding data
direction register is TRISC. Setting a TRISC bit (=1) will make the
corresponding PORTC pin an input (i.e., put the corresponding output driver
in a hi-impedance mode). Clearing a TRISC bit (=0) will make the
corresponding PORTC pin an output (i.e., put the contents of the output



latch on the selected pin). PORTC is multiplexed with several peripheral
functions . PORTC pins have Schmitt Trigger input buffers. When enabling
peripheral functions, care should be taken in defining TRIS bits for each
PORTC pin. Some peripherals override the TRIS bit to make a pin an

output, while other peripherals override the TRIS bit to make a pin an input.

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 register is readable and writable, and is cleared on any device reset.
The input clock (FOSC/4) has a prescéle option of 1:1, 1:4 or 1:16, selected
by control bits T2CKPS1:T2CKPS0 (T2CON<I :0>). 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 TMR2 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 TMR2ON (T2CON<2>) to minimize power consumption.

Timer2 Prescaler and Postscaler
The prescaler and postscaler counters are cleared when any of the
following occurs:
« a write to the TMR2 register
« a write to the T2CON register



« any device reset (POR, MCLR reset, WDT reset or BOR)
TMR? is not cleared when T2CON is written.

Output of TMR2
The output of TMR2 (before the postscaler) is fed to the SSPort

module, which optionally uses it to generate shift clock.

TIMER 2 BLOCK DIAGRAM :

Sets flag
Bt TMRZIF | Tz,

Reset

Poetscaler
11 o 1116] EQ

}
T2OUTPS3:
T20UTPSO

T2CON REGISTER :

RWO RW-0 RW.O _RMO RW-0 RW-0  RW.O

FOUTPSITOUTPS2TOUTPS1[TOUTPSO] TMR2ON [T2CKPS1]|T2CKPS0] R = Readabia bit
bito |W =Wiitable bit
= Unimplemented bit,
raad as U’
- n_=Value at POR resot

bit7: Unimplomanted::Read as 0’

bits-3: TOUTPS3 TOUTPSO: Timer2 Output Postscale Selact bits
naoa = 1;1 Postscale
0001 = 1:2 Postscale

4010 = 1;3 Pogiscale

1111 = 1:16 Postscale

bit 2. TMR2ON: Timer2 On bit
1= Timer2 is on
o =Timar2 is off

bit1-0: T2CKPS1:T2CKPS0: Timer2 Clack Prescale Select bits
oa = Proscaleris 1
01 = Prascaleris 4
1x = Proscaler is 18




CAPTURE/COMPARE/PWM MODULES
Each Capture/Compare/PWM (CCP) module contains a 16-bit register

which can operate as a:
« 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.

CCP1 Module:
Capture/Compare/PWM Registerl (CCPR1) is comprised of two 8-bit
registers: CCPRIL (low byte) and CCPR1H (high byte). The CCP1CON

register controls the operation of CCP1. The special event trigger is

generated by a compare match and will reset Timerl.

CCP2 Module:

Capture/Compare/PWM Register] (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 Timerl and start an A/D

conversion (if the A/D module is enabled).



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.

PWM MODULE BLOCK DIAGRAM :

CCPICON<&4>

Duty Cycle RaqiﬂaE[-‘

chm | |
iLf

| ccrriH (Stave) J
<

I Cormiparator J— : R a

r m;"_‘ |tNd ﬂ T_ . RCZCCP1
‘ TRISC2>
Clear Timar,
m lﬁ? and
SAMPLE PWM WAVE FORM :
Period
o
! IMR2=PR2

TMR2 = Duty Cycls

TMR2 = PR2




PWM PERIOD :
The PWM period is specified by writing to the PR2 register. The

PWM period can be calculated using the following formula:

WM pericd = [[PRZ) + 1] = 4 = TOBC
(TMB2 prescale walue)

PWM frequency is defined as 1/ [PWM period]. When TMR2 is equal to
PR2, the following three events occur on the next increment cycle:

» TMR2 is cleared

« The CCP1 pin is set (exception: if PWM duty

cycle = 0%, the CCP1 pin will not be set)

« The PWM duty cycle is latched from CCPRIL into

CCPR1H

PWM DUTY CYCLE :

The PWM duty cycle is specified by writing to the CCPRI1L register and to
the CCP1CON<5:4> bits. Up to 10-bit resolution is available. The CCPRIL
contains the eight MSbs and the CCP1CON<5:4> contains the two LSbs.
This 10-bit value is represented by CCPR1L:CCP1CON<5:4>. The
following equation is used to calculate the PWM duty cycle in time:
PWM duty cycle =
(CCPRIL:CCP1CON<5:4>) « Tosc * (TMR2 prescale value)



CCPRIL and CCP1CON<5:4> can be written to at any time, but the duty
cycle value is not latched into CCPR1H until after a match between PR2 and
TMR2 occurs (i.e., the period is complete). In PWM mode, CCPR1H is a

read-only register.

Maximum PWM resolution (bits) for a given PWM frequency:

log ﬂ)
Resolution = its

T e

ANALOG-TO-DIGITAL CONVERTER (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 digital 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 mode. To operate in sleep, the A/D clock must be derived from the
A/D’s internal RC oscillator.

The ADCONO register, shown in Register , controls the operation of the A/D
module. The ADCONT1 register, shown in Register 11-2, 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 :

RW-0 RW-0 RIW-0 RIW-0 RIW-0 RW-0 U0 RW-0

[ADcs1 [ apcso | cHs2 | CHS1 [ cHso | GOTORE | —
bit?

R = Readable bit

W = Writable bit

U = Unimplemented bit,
read as 0’

-n= Valug at POR reset

bit7-6: ADCS1:ADCSD: AID Conversion Clock Select bits
aq = Fosci2
01 = Fosc/B
10 = Foscl32
11 = Fre {clock derived from an RC oscillation}

bit 5-3: CHS2Z:CHSO: Analag Channel Select bits
aaa = channel 0, (RAO/ANO}
aal = channal 1, (RAVAN1)
a1a = chennel 2, (RA2/AN2)
a11 = channel 3, (RAYANI)
10q = channal 4, (RASIAN4)
101 = channel 5, (REANS) Y
110 = channal 8, (REV/ANE)Y
111 = channel 7, (REZAN7)Y
bit 2: GONSONE: A/D Corwersion Status bit
1t ADON = 1
1 = A/D conversion in progreas (setting this bit staris the A/D conversion)
o = A/D conversion not in progrees (This bit is automatically claared by hardware whaen tha A/D conversion is compiete)

bit1: Unimplemented: Read as ‘0’

bit O: ADON: AD On bit
1 = A/D converier module is opaerating
a = A/D converter module is shutoff and consumes no operating currart

Note 1: These channels are not available on the 28-pin devices.

The ADRESH:ADRESL registers contain the 10-bit result of the A/D
conversion. When the A/D conversion is complete, the result is loaded into
this A/D result register pair, the GO/DONE bit (ADCONO0<2>) is cleared
and the A/D interrupt flag bit ADIF is set. After the A/D module has been
configured as desired, the selected channel must be acquired before the
conversion is started. The analog input channels must have their
corresponding TRIS bits selected as inputs. After this acquisition time has

elapsed, the A/D conversion can be started.



A/D Converter Block Diagram :

CHS2:.CHSO
111 1
DO NS S SR~ v
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| 9o o : RAT/ANY
Voo ; L«: No—£e2 4 5] ravano
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(Refarence H o :
voltage) -_.” ”_.
PCFG3:PCFGO
TTTT
VREF- - »
H
Rafarence N c—-——_l
"vunaun) e -
T ves
PCFGI.PCFGO
Note 1: Not available on 28-pin davices.

A/D Acquisition Requirements

For the A/D converter to meet its specified accuracy, the charge holding
capacitor (CHOLD) must be allowed to fully charge to the input channel
voltage level. The analog input model is shown in Figure .

To calculate the minimum acquisition time, the following equation is used.



TacQ

¥

Amplifier Settling Time +
Hold Capacitor Charging Time +

Temperature Coefficient

TAMP + TC + TCOFF

2u 8 + 7o + [(Temperature -25 C0.05uSrCl]

The ADRESH:ADRESL register pair is the location where the 10-bit A/D
result is loaded at the completion of the A/D conversion. This register pair is
16-bits wide. The A/D module gives the flexibility to left or right justify the
10-bit result in the 16-bit result register. The A/D Format Select bit (ADFM)
controls this justification. The figure shown below shows the operation of
the A/D result justification. The extra bits are loaded with ’0’s’. When an

A/D result will not overwrite these locations (A/D disable), these registers

Tc ; CHOLD (RIC + R8S + RS) In{1/2047)
= - 120pF {1k + 7kE2 + 10KED) In(0.0004885)
= 1647u8
Tacg = 218+ 16.47u8 + [(50°C -26xC)(0.06p S/xC)
= 19728
A/D CONVERTER MODEL :
Voo .
Sampling
...... %ww.sv , Switch
' ~ R < 1k 1 58 "Rssi
: :--"-:10% citance
| ] - -
. TVr= O.G\IG, LL%% T =120 p?pa
_LVSS
Legend ChN = input capacitance g
Vr = thrashold vo Ihfga \
| LEAKAGE = laakaga curment atthe pin dua to Voo
yarious junctions 3
Ric = interconnect resistance
sS = sampling switch
Crolp = samplefiold capacitance (from DAC) 56 7891011
Sampling Switch
(ka)
A/D RESULT REGISTERS

may be used as two general purpose 8-bit registers.




ADRESH ADRESL ADRESH ADRESL

10 bit Rewsedt 10-bit Resub
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Software Routines

/

The software used in the project has been divided into two
major modules,
(i)  A/D conversion, display and interrupt service module.

(i) PWM duty cycle and period update module.

The A/D conversion and interrupt service module constantly
scans for new user inputs and converts them to BCD values for display. It

also services the various user interrupts and internal software interrupts.

The PWM module updates the duty cycles of the gating signals
by using a sine wave lookup table stored by the programmer, it also

updates the PWM period by accepting new frequencies from the user.

The following pages show the source codes used and their respective
control flow.



11.1 Analog to Digital conversion, interrupt service and display routine:

Source code :

; A/D Conversion with display routine=====
list p=16{877
include <p16£877.inc>

; sfr addresses initialisation
status equ 03h
portb equ 06h
trisb equ 86h
portd equ 08h
trisd equ 88h
intcon equ Obh
pirl equ Och
piel equ 8ch
adresh equ leh
adcon0 equ 1th
adconl equ 9th
portc equ 07h
trisc equ 87h
porta equ 05h
trisa equ 85h

5 Define vector locations=—===—==

org 0x000



goto start
org 0x004

goto introutine

; Define user variables
cblock 20h

index

var

digit0

digitl

digit2

templ

temp2

temp3

endc

; : Interrupt service routine

introutine
bef status,S :clear interrupt flag bits
btfsc pirl,6
call adover
movf portb,0
clrf intcon
bsf intcon,7
bsf intcon,3

goto adstart

; main routine

adinitialise ;initialize a/d converter



bsf status,5

clrf piel

bsf piel,6

movlw B'11110000'
movwf trisa

clrf trisc

movlw B'00000000’
movwf trisc

movlw B'00001110’
movwf{ adconl

bef status,5

bef pirl,6

clrf portc

movlw B'00000000'
movwf adcon0

clrf adresh

clrf var :initialize user variables
clrf digit0
clrf digitl
clrf digit2
return

adstart :start a/d conversion
bsf adcon0,0
call adcdelay
bsf adcon0,2



call adcdelay

adcdelay
loopl
moviw d'l’
movwf templ
loop2
movlw d'30'
movwf temp2
loop3
clrwdt
decfsz temp2,1
goto loop3
decfsz templ, 1
goto loop2
return

adover

bsf piel,6
bsf intcon,7
bef pirl,6
movf adresh,0
movwf var

bin2bcd

loophun
movlw .100

subwf var,w

-acquisition delay for a/d conversion

;binary to bcd conversion



btfss status,0
goto huover
incf digit2,1
movwf var
goto loophun
huover
moviw .0
loopten
movlw .10
subwf var,w
btfss status,0
goto teover
incf digitl,1
movwf var
goto loopten
teover
movf var,0
movwf digit0
swapf digit0, 1 ;display procedure
movf digit0,0
movwf porta
swapf digit2,1
movf digit2,0
addwf digit1,0
movwf portd

goto wait



start ;program starts
call adinitialise
clrf status
clrf portb
clrf intcon
bsf intcon,7
bsf intcon,3
clrf portd
bsf status,S
clrf trisb
movlw b'11110000'
movwf trisb
movlw b'00000000'
movwf trisd
movlw b'11111111"
movwf portd
wait
goto wait

end



Flowcharts :

11.2 Analog to Digital conversion :

A

Initialise A/D registers and switch on A/D module

v

Wait for PortB state change interrupt

Interrupt

No

4

Yes
Wait for acquisition time

|

Start A/D conversion and call delay routine

Conversion No

over

Yes l

Store result in desired variable

l

Convert result to BCD and display through ports

A

Wait




Interrupt Service :

Start

Define Interrupt sources

-

Wait for interrupt to occur

Timer
interrupt

Write next duty cycle

PortB state

Change frequency or phase
change ]

Goto A/D Conversion

Return




11.3 PWM Duty cycle and period update routine :

Source Code :

; pwm routine

list p=161877
include <p16f877.inc>

; sfr address initialisation
intcon equ Obh
adresh equ leh
adcon0 equ 1th
adconl equ 9th
portd equ 08h
trisd equ 88h
portb equ 06h
trisb equ 86h
portc equ 07h
trisc equ 87h
status equ 03h
tmr2 equ 11h
t2con equ 12h
pr2 equ 92h
pirl equ Och
ccprll equ 15h
ccprlh equ 16h



ccplconequ 17h
pcl equ 02h
piel equ 8ch

; user variables definition=====—==="=
cblock 20h
index

endc

; define vector locations
org 0x000
goto start
org 0x004

goto introutine

; interrupt service routine

introutine
bcf status,S ;clear interrupt flag bits
bef pirl,1
bsf intcon,7
bsf status,5
bsf piel,2

goto dcroutine

; main routine
start
clrf portb
clrf portc
clrf status ;set up status reg

clrf tmr2



clrf t2con
clrf pirl

bsf status,S
clrf pr2

clrf trisc

clrf trisb

clrf piel

bsf piel, 1
movlw .255
movwf pr2
bef status,S
bsf intcon,7
bsf intcon,6
clrf ccplcon
clrf ceprll
bsf ccplcon,2
bsf ccplcon,3
movlw .0
movwf ccprll
repeat

bsf portb,4
bsf portb,5
bef portb, 1
bef portb,3
movlw .3

movwf{ index

bsf t2con,2

;clear pwm period

;setup pwm period

;clear pwm control register
;clear pwm duty cycle register

;configure ccp register

;switch timer2 on



goto pinchange

; timer poll
dcroutine ;duty cycle routine
bef pirl, 1
bef t2con,2
clrf tmr2

[e2

call sinetable -call duty cycle lookup table
incf index, 1 |
movwf ccprll

bsf t2con,2

; port pin change

pinchange

t2polli
btfsc portc,2

goto t2polli

bef portb,4
bef portb,5
nop nop nop
nop nop nop
bsf portb,1
bsf portb,2

wait

goto wait

; look up table=====
sinetable
movf pcl,0
addwf index,0



movwf pcl

retlw .128
retlw .148
retlw .167
retlw .185
retlw .200
retlw .213
retlw .222
retlw .228
retlw .230
retlw .228
retlw .222
retlw .213
retlw .200
retlw .185
retlw .167
retlw .148
retlw .128
retlw .108
retlw .89
retlw .71
retlw .56
retlw .43
retlw .34
retlw .28
retlw .26
retlw .28

:0 degree, 2.5 volts

:90 degree, 4.5 volts

;180 degree, 2.5 volts

;270 degree, 0.5 volts



retlw .34
retlw .43
retlw .56
retlw .71
retlw .89
retlw .108
moviw .0
movwf index
goto repeat

end



Flowchart :

11.4 PWM Routine :
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Chapterl2 — Testing
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Chapterl3 — Conclusion



Conclusion
The emerging trends in high frequency power would certainly
prove to be beneficial for the consumer. The cost and size of almost all
electrical applications would be reduced. Our project can generate
frequencies of up to 255 Hz. with the current hardware. With simple

hardware modifications frequencies of 500 Hz or more can be generated.

The microcontroller used in the project enables us to generate
‘harmonics free’ outputs that can be used for sensitive and common
applications. The project can be further developed to generate high voltage
ac with improved hardware. The prospect of using high frequency power

alone in the future provides the basis for further development of the project.
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Appendix A: PIC 16F877



PIC 16F877 Essentials

Special Function Rgisters(SFR) :

ADCONI1 Register :

U0 ua RAN-D u-a RAN-D RIWO RN RW-0

POFG3 | pCcrG2 | PCFGA ] PCRi] R = Readatie b
DD W = Witable kit
U = Unimplementedbit,
readas ‘0"
~n= Vale at POR raset

bit7: AUFM: &/D Result format select
1 = Right Jusiified. 8 most significant bits of ADRESH are read as 0"
u =Lpft Justifad. & lsast sigritcant bits of ADRESL a0e read a8 0.

bitB4: Unimplemented: Readas 0
pit34d; PCEG3:PCFGD: AD Part Configuration Conirol bils:

porcs: | ANt | Ane | anstT] ama | ana | oanz | oana | oame | ] | CHAR
peeGo | re2 | Ret | rep | Ras | RAs | Ra2 | RA1 | RAU Rets®
2000 ] A x 3 A Y S N I T T
2001 A A A A Iwers | A A A RAZ | vss ™
2010 [ [} D A A A A A VX [ &0
0011 [1] [i] [+] A Jwere | A A A RA3 | vas N
[3%:1] [1] 1] 2] 0 A D A A Voo was ¥
vinl 1] 1] 5] -0 I were| D A A A3 | vass 21
glix 0 [} [¢] 3] 1] D 1] [i] [T V55 oD
1009 A A A A | VRere | WRer- | A A RA3 | RA2 A
1001 1 [} A A A A A A voo | vss O
1015 0 [} A A | wrers | A A A RA3 | ves &M
1013 ] [1] A A | Weer+ [VRer- ] A A RAS | RAZ 42
1180 [1] [V D A [ waers [ WRer- | A A RAS | RAZ ¥2
1101 [} [/ [¢] D | veers | WRer- | A A RAY | RAZ 22
1110 ] ] 7] 7] ] D D A Voo | vas | 1O
1113 1] 7 3] D | wers [ Wer-| D A RAS | RA2 V2

A =Anaing Input

D = Digttel ¥O

Nole 1 Thase channels ara not avalisbie on tha 28-pin devices.
2 Ttiscolumn Indicates the number of analog channals avalable 26 AJD Inputs andthe numar of analog channals
usad as vullage refersnice hpuls




Interaction between CCP modules :

CCPx Mode | CCPy Mode Interaction

Capture Caplture Same TMR1 time-base.

Captura Compare The compane shoukd be configured for the specisl event trigger, which clears TMR1.
Compare Compare The compare(s) shauld be configured for the spedial went irigger, which clears TMR1.
PwWM PWM The PWMs will have the same frequency and update rate ( TMR2 internpt].

PWM Capture None.

PAM Compare None.

CCP1CON/CCP2CON Registers :

bit 7-8:
bit 54:

bit 3-0:

Rz Rasdablu bit

bid . | W= Wieble it

U= Unimplameniad bit, raad ax
T

- n= Vdua ot POR meact
Unimplemented: Read as 0

CCPXI:CCPXY: PYWM Liast Significant bits

Capium Mode: Unused

Cornpare Mods: Unusad

FYWM Mode: These bils are the two LSbsof fie PWM duly oycle. The elght MSbs are tound In CCPRxt.

CCPXMY:CCPXMO: COPx Moda Select bils

oo 0 = CaphireCompara/PYWN off (resels CCPxX modile)

pLuD = Cephire moda, evary Taling edpe

o1 = Caphure mode, every rlsing edge

p11e = Cupluns made, every 4ih sng adge

o111 = Capluremoda, every 16th rising adge

1000 = Compare mode, set output o match (CCPxIF bt 1s ety

1001 = Compare mode, Hesr auiput on match (CCPXIF bit s set) )

1010 = CompRe mode, ganarsie sofiware interupton makch (CCPXIF bit Is set, CCPx pinis unaffeciad)

1011 = Compare moda, riggar special evant (CCPXIF bit is set, CCPxpin & unatlected); CCP1 resats
TMRA; CCP2 resats TMR1 and starls an A/D corversion (1 A'D module i enabled)

11xx = PWM moda '




Registers associated with PWM operation :

Valuaon: | Veluo on
{Addross Narma Bity Bitk Bits Hitd Bit3 B2 Bt 1 Bitl POR, all other
BOR remats
L G000 G00X|000 Dot
105k, 188h ,
OCh PIRY a0 seoe|eens poon
00h RIRZ R IR SR | f = | CCPAF ). —o-Bf--- oo
BCh PIEY DUNELS g ] | TWRAE 1§ |oono noon|nene ooon
8llh PIEZ 1 e mas b R I ) Eat.] ettt
Byl TREC | PORTC Dt Direction Ragistar 1131 111141111 1131
11 TRIG .| TwecE modiuiais ragistat 0000 oovn|oean sona
&@h . |P TimorZ modu & panad rgissr 1131 3131|1111 1131
12h TCON | = [TOUTRSITOUTRSR | TOUTPS1 TMROOR | T2CKRS! | TZDKPRD| -000 Dov0-000 0000
[15h CCPRIL [CaptreComparPViM mgistart (LS} xxxz so0ckjunny uuwyl
18h CCPRIH  [CaptralompardPWM moistort (NSE) xxxx xoex|uwwun oum
h COPICON =T TeRIX | CCPTY JCCR1ME JCCPIME] CTRA | CCPIMA | -0 uooR|--B0 enn
1Bh CCPRIL  [CapiraCompaxd WM rageter? (LERY ez oxxcfunn wum
1Ch CCPRIH  [CaptaraiCompure PAM ragatord (MSH) e ok uuny nuwe
10h CCPRCON o CCRaX | OCFaY JooPaMi [Oormz] Copani | £CFRaMD | --0¢ peon|--02 1000

Registers associated with Analog/Digital conversion :

. Por, | WCIR

% Bi7 | BRE .BI $ Bit4 BR3 Bit2 Bi1 | BkD BOR WDT
GIE PEE |- i B it & > ECETI EITEETD
aCh PRY ADE B ettt s ; R TOON §  anno caap | Kods KB
o PE1 2§ ADIE any vaay | woss oden
NED. JADNESH | A0 Resuk Regsisr Hoh Byta el ]
WEn  JADRESL | WD Resut Registar tow Byle xyxx woen | wsm s
1 ADCONG ADCEY | ADCEY | CHER CHEY CHEN ! Sof ADON | onop os.p | sosy Go-u
wn_ jaocony | aoew b F o lrcrma| Porce | oPoPat | POFGD ) -ou scau § 00 ocea
| REh TRISA . PORTA Dala Oimrtion Ragsier § .33 2323 f --33 33111
O8h PORTA e 5] PORTA Dala Lakth whon wition: PORTA pivs when taad o tix 2§ oo ORiCH
[ TRE ¢ ’ ¥l PORTE Ditn Diraciin Bts aunp ~113 | SEod -:3d
ot JFORTE [ oy | omeo oo ] s




Instruction Set Summary :

Mnerreric, Dencription Cyclus | 148 Opeada Staius | Notes
mdl Sh LS Alaciad
BYTE-ORIEMTED FILE REGISTER OP! DHS
ADDWE fd [AdWandf 1 (o a1 arze ez CpCZ | 12
ANEWF fd |ANDWwihf 1 |ae aips acre feer z 12
CLRF f Charf 1 U A201 1ere £IfY FA 2
CLRN - Chaar W 1 a0 9001 XXX XXXX z
COMF 1.4 |Comglementf 1 |ar  1op1 drer rree z 12
DECF fd | Decremantf 1 ap Q31 aree reieg 4 12
DECFSZ f.4 |Decrementf, Skipifd W2 |9 121 acfr rier 123
INCF fd |incramentt 1 gr 1016 dcrc ey z 12
INCFR2Z td |Incremantf, Skip ¥ O %2y |er 111 arer £irs 123
1CRWVF td | Inchsive OR W withf 1 4p  q1pe Aarer rKere r4 12
MOV f.d |Movef 1 lap 1000 oefL ricf I 12
NOVAF ¥ Wova ¥ to § 1 |ag om0 Loy eref
NOP - No Opuration 1 fae 0000 Gxxb 2909
RLF £d | Rotate Left fhrough Cany 1 |ar wal arer £ire G 12
RRF £d | Aotata Rightfthrough Carry 1 |ae 1106 arer erez] © 12
SUBWF f.¢ |SublmctWfomi 1 las  avac aere eter} COCZ ) 12
SWARF f,d " | Swap nibblesint 1 ap 1110 arrr £iey 12
XORWNF §,d | Exclusiva OR Y with { 1 jee o110 arre grer z 12
BIT-ORIENTED FLE REGBTER OPERATKINS
BCF b |BaClnrf 1 1 DU bICr fe1f 12
8S8F b |BiSaf 1 o1 Dibb BIrg fffr 12
HTFSC £, b | Bi Tustt, Skip if Claar @ | © abb brer ferc 3
BTFS8 £ | Bt Tostf, Skip if Sat o1  1lbb BELL 2rEL 3
ALY k| Add el add W 1 11 11ax kkxk kxkx ] CPCZ
ANDLY k AND lital with W 1 11 1903 kkkk kRKK k4
CALL k Call subroutina 2 18  okXx kikkk Kekx
CLRWOT - Clanr Watchdog Tamer 1 op pavn a13e. sace ) THPD
a1 k Go to wddross 2 18 1KEE kKKK KKKE
10U k Indusive OR lilerl with W 1 11 1ebd kkkk KRRk z
MHOVLY k Move lilaral io W 1 11  baxx Mikk KRRk
RETFE. - | Ratwrn from ivamrupt 2 o0 WILD 009 1843
RETW k Raturn with lberl in'W 2 11 Dlax kkkk KRik
RETURN - Ranirn from Subrouting 2 on pODD g0D¢ 1900
SLEEP . G into standby mode 1 o0 opaor aria ger1] TOPD
SLELW k Sulbriract W from Foral 1 11 1lgx kkkk kxxk ] COCZ
XORLYW k Exclusive DR itoral with W 1 11 1810 kkkk KRRK Z

Field Description :

Description

e W
Reqiner flia addens (DX00 10 OK7F)

Warking ragsier (accumwiatorn)

Bit address within an 6-bit file register

Literal-iaid, constant data or lebel

E3 R4 L2 b Lad

Don't cang bcalion {= 0 or)

The assembler wil genemate code with x=o. it
s the recommendad form ot uss Kr compath-
Dllity withiall Microchip sofware fools.

Dastinsiton select; d = 0: siora. mewt in W,
d = 1: store result in fie regiater {.
Detauisd =1

Program Counter

Time-out bit

33|48

Powar-down bit




Appendix B: Datasheets



Datasheets

Intemational
IRF840

HEXFET® Power MOSFET

# Dynamic dv/dt Rating

¢ Repetitive Avalanche Rated
e Fast Switching

e Ease of Paralleling

e Simple Drive Requirements

Absolute Maximum Ratings
' Parameter Max. Units
0@ To=25°C | Continuoua Drain Cutrent, Vas @ 10V 8.0
1o @ Te=100°C | Continuous Drain Current, Vas @ 10 V A A
Iou Pulsed Drain Cunrent @ 32
|Po @ Te=25°C | Power Digsipation ‘ 125 W
Linear Derating Factor 1.0 wrC
Vas Gale-to-Sourca Volage 120 v
Eas Single Pulse Avalanche Energy @ 510 mJ
lan Avalanche Current @ 8.0 A
EaR: ‘Repetitive Avalanche Energy © 13 mal
dvidt Paak Diode Recovery dvidt @ 35 Vins
Ts Operating Junction and -55 to +150
Tsra Storage Temperature Range : °C
Soldering Temperature, for 10 seconds 300 (1.6mm from case)
Mounting Torque, 8-32 or M3 screw 10 (bfelnt {1.1 Nem)




Electrical Characteristics :

Parameter Min. || Typ. Units | Test Conditions
Vi Drain-to-Source Breakdown Voliage 500 | ~— | - V | Ves=0V, o= 250uA
AViarpes/AT.| Breakdown Voltage Temp. Coeflicient | — | 0.78 | — V/°C | Reference o 25°C, o= 1mA
Rosion Static Drain-to-Source On-Rasistance — | — | 0851 0 |[Vag=10V,lo=4.8A @
Vasm Gate Threshold Voltage 20| — | 40 | V |Vpe=Vas, lp=250pA
s Forward Transconductance 49 | — | - S | Vos=50V, lp=4.8A ®
. — — 25 Vps=500V, Vag=0V
loss Drain-to-Source Leakage Current — T — | 25 Voem400V, Vom0V, T=125°C
lass Gate-to-Source Forward Leakage - — | 100 DA Ves=20V
Gate-lo-Source Reverse Leakage — — § -100 Vas=-20V
Qq Total Gate Charge -] — 1 83 Ip=8.0A
Qg Gate-to-Source Charge — | — | 983 | nC |Vos=400V
Qga Gate-to-Drain {"Miller") Charge — | — | 32 Vgs=10V See Fig. 6 and 13 &
 batom) Tum-On Delay Time — 1 14 | - Ypo=250V
Y ‘ Rise Time — 23 — ns 1p=8.0A
Lestom * . | Tum-Off Delay Time — | 48 | — Re=9.1Q
b Fall Time — |20 | — Ro=310 See Figure 10@
Lo Internal Drain Inductance — |45 |~ g P
R o S
le - Intemal Source Inductance — | 75| — die Y
Ciss input Capacitance - [1800§ — Vas=OV
| Cose_ Output Capacitance v — | 810 ] — | pF |Vos=26V
Che Reverse Transfer Capacitance - 120 ] ~— f=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units _Test Conditions
Is Continuous Source Current 1 —1]s0 MOSFET symbol 0
N (Body Diode) 0|, |showingtne @
lom Pulsed Source Cument | =] a2 intogral teverse ¢
{Body Diode) © p-n junction diode. s
Vsp Dioda Forward Voltage — | = [ 20 | V |T26°C, lsmB.0A, VosmiV &
ter Reverse Recovery Time — | 460 | 870 | ns |T.=25°C, le=8.0A
Qr Reverse Rocovery Charge — | a2 | 89 | pC |diid=100A/s @
ton Forward Tum-On Time Intrinsie futn-on time is neglegibls (um-on is dominated by Ls+Lo)
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e
EAIRCHILD
BENMICONDUXCTOR ™

DM74L.547

BCD to 7-Segment Decoder/Driver with
Open-Collector Outputs

Features

Open-collector outputs

Drive indicator segments directly
Cascadable zero-suppression capability
Lamp test input

Logic Symbol Connection Diagram

LRI ERALE!

el Bul At BFD o oes *"“f

V‘n =P 18
GND~Pn8

L]
B
3
4
§
&
?
8

Pin Descriptions

[~ Pin Name Description
NFAI BCO Inputs
FET Ripple Blanking Input {Active LOW)
i Lamp Test Input {Active LOW)
RO Blanking |rput {Active LOW) or
Ripple Blanking Output {Actve LOVY)
a-g Segment Cutputs (Active LOVY) (Nale 1)

Note 1: OC—Dpan Colaxtor



Logic Diagram

[ gFad 870

Wt BLMRIEG NET 268
LAMPwTEST PPPLE=BLANGNG
"1 AT 3

howen 35

4
%

e

£y

Numerical Desi'nations—-Resultant Displays
I ,Tn-r'r

Recommended Operating Conditions

quTr

= Symbol " Parameter —Wn Nom | M Unts
Ve i vosge A15 5 "6 v
Vin HIGH Level input Veliage 2 v
8 : (L] v

Tow FIGH Level Output Current

8- 0@ 15V =V (Nola 7) e hA

lon HIGH Level Oulput Curent B R0 50 my

™y TOW Level OuipLt Currant | R

Ta Frea Air Opersting Ternpersature 0 ] ©

Noke 7: OFF-Slale sl a4,



Electrical Characteristics

Qvor mcommanded opersiing free air lampamsurs {urlams othorwisa naisd)

Symhbol Paramoter Conditions Min [NE: 8 Max Units
V. |inpu Clhip Voliags e = i, T = <18 M 13 v
g7 PG Vec = Win, Loy, = Wax, 27 Iy y

Ouipul Vobaga Vi, = hee, BT FBO " ’
b Output HIGH Cumant Sagmart Gulputs | Vg = 5.5V, Vo= 16V a- 1 250 ph
TQL T Lavel o~ Min, h-ﬁ. 035 5
Duput Vokage ¥y =Min 7 -3 ’
oL =32mA, IR0 a5 v
L= 12mA, 59 0% | 04
L~ 16mA FE0 04
T miCueng@has Vo= Was V= 00 A
irputt Volinge o= Max, V) =
™ TIEHavel Input Curant c = Mk, ¥, = 20 7.y

L LW Leval rputCumant Voo = Max, Vi = 04V ~64 mh

e ShortCircut Vi - Max (Nata £), 4
Ciutput Currort log at MDY 03 —20

BT upply Cumsint o = Max 13 ma

“NGGE: ATHpEas o Wl Vg &Y, Tg= PG,

Koks:8: Mol mors thar ona culput should be shored uis Bma, and he curation shoud nolsncend D second.

Switching Characteristics

o Voo =50V, Ty =+26°C
- L~ 6650

Symbol Parsmatar Conditions: ~ CL=thpr Units

Win ~ Mex

tan Propegytion Daley 100
ot Ank -3 100 e
T pegion ety ™
- BT 0’55 {Note 10) 100 "

Noie10: T = HIGH, AD-A% .« LDW



I
EAIRCHILD

EBEAMKCONDLICTOR ™

CD4066BC
Quad Bilateral Switch

Features

__ Wide supply voltage range 3V to 15V

__High noise immunity 0.45 VDD (typ.)

_ Wide range of digital and +7.5 VPEAK
analog switching

_ “ON?” resistance for 15V operation 80.

_ Matched “ON” resistance .RON =5. (typ.)
over 15V signal input

_ “ON” resistance flat over peak-to-peak signal range
__ High “ON”/“OFF” 65 dB (typ.)

output voltage ratio @ fis = 10 kHz, RL =10 k.

Connection Diagram Schematic Diagram
puron B L P
T = l’-mmm
L -" i T
— L1
ﬂlmﬁl £ -!- -E- Bk
Vs L LA

mwe



Typical Performance Characteristics

*ON" Resistance vs Signal
Voltage for T =25°C

Vo - Vig= ¢

!
s

Ypg - Vo~ MV

FRrR R S I

SANM VOLTAGE Wl v

“ON" Resistance as a Function
of Temperature for

Vm-V|B =1V

L1
H
1

-4 -3~ 0 2 & &1

HCHA VOLIALE [Vigh 0

“ON" Resistance as a Function
of Temperature for
Voo-Vge = 18V

.
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_ iyl
\iE i

& 4 A< K3 4 DN
SIERALVRLTMEE dv gy vt

CNANMEL IR~ BEDSTANGE $Bgyl 53

~-s GEEENES

“ON" Resistance as a Function
of Tamperatsra for
Voo-Vss = ¥

i
ity awe
|
fid ?Ii’ﬁ

1T

Th*-WE

=E3ES

o
& =
r

THAMNEL “DAT SEMETANGE Rigy! 13

-5 -6 -4 -7 4+ & § 3
SUMLY YOLTAGE Vg IV



LM78XX 1.5A Positive Voltage Regulator

Features

« Output Current of 1.5A

« Output Voltage Tolerance of 5%

« Internal thermal overload protection

« Internal Short-Circuit Limited

« No External Component

» Output Voltage 5.0V, 6V, 8V, 9V, 10V,
12V, 15V, 18V, 24V

« Offer in plastic TO-252, TO-220 & TO-263
« Direct Replacement for LM78XX

Packaging Information

TO2E33 (%)
I. Inmput
Bay Lineas 2. GND
2 3. Output

Tup View



Absolute Maximum Ratin

Parameter LM78~ Unit
Tnput Voltage TM7824, LM7827 40 v
All Others Kh)
Froe-Air, Case, Virtual Junction Temp. Ui 150 °C
Tem 6510 130
Lead 1,6 mm from case for scc, 260
Electrical Characteristics (LM7805)
(Vi=10V, [;=500maA, 0°C STy125 °C, unless otherwise specified. (Note'1)
Paranseter Symbol Conditions MIN TYP | MAX | UNIT
a T,=2§°C a8 50 2
Tinc Regulation AVo | Vi=7Vio 25V T,=25°C 3 o | mV
V=8V o 12V _T;=25°C 1 30
Load Rogulation AV, = SmA to }.5A. 28 “C 15 100 mV
= 250mA to 750mA. 25 *C 5 1 s
ic Rejecti R | V.= &V i 18V, (=120Hz "6 1 7% aB
Owtput "Vollage Vx| F=10Hz 10 100Hz T;=28°C 40 pV
Dropout Voltage Vo |T,=25%C 240 v
Quacsocal Cemrent T,= 25 °C 33 3 mA
Quicscent Curreat Ay [vi=7Vi2sV, T;=25°C 13 mA
Change = SmA i IA_ T;=25°C 0.5
Electrical Characteristics (LM7812)
(Vm19V, [5=S00mA, 0°C £T;<125 °C, unless otherwise specified. (Note 1)
Pavgmeter ol | Conditions MIN | TYP | MAX | UNIT
Outpot Voliage Vo | T,=25°C 11.50 12 12.5 Y
Linc Regulation AVo | V=185V 30V T,=25°C 10 240 mV
V= 16V o 22V T;=25°C 3.0 120
Load Regulation AV, Iy=3mA o 1.3A, 28 sC 12 240 mV
— =250mA to 2% °C 4 120
i jection RR__ | V;= 15V 1025V, f=120Hz 1] T dB
Owtput Noisc Voliage Vx| P=10Hz1o 100Hz TI=25*C A KV
Dropout Vollage Vg T,=28°C 20 A"
Quicscent Ly T,=25°C 13 8.0 mA
Quicscont Current AL, | V=145V 30V, T,=25°C 10 1 mA
Change To=SmA to IA, Ty=28 °C 0.3




