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ABSTRACT

One traditional low-cost way of driving LED in electrical applications uses a
resistor in series with the LED device. Although this driving scheme is simple and
inexpensive, it suffers several disadvantages. The LED current can vary substantially
over the battery voltage range even in normal operation of the device, thus affecting the
brightness and reducing the service life of the lighting device. Additionally, protection
is needed from automotive voltage transients and reverse polarity. These disadvantages
are typically resolved by using constant-current linear regulators. Besides driving the
LED at a programmed current, these regulators can inherently protect from a reverse-
polarity application and block voltage transients up to tens of volts. Linear current
regulators do not require input EMI filters and can yield inexpensive LED driver
solutions. However, both the resistor ballasts and the linear regulators exhibit low
efficiency. They may become impractical for driving high-brightness LED loads due to
the excessive heat dissipation. Therefore, switching power converters are needed for

driving many signal and lighting LED devices.



ABSTRAK

Pada masa dahulu, cara lama untuk menghidupkan lampu LED dalam semua
aplikasi adalah dengan menggunakan perintang yang diletakkan dalam keadaan bersiri
dengan lampu LED. Walaupun cara ini nampak mudah dan tidak menggunakan kos
yang banyak tapi sebenarnya terdapat banyak kelemahan dalam menggunakan cara ini.
Semasa menggunakan cara yang lama ini, arus elektrik yang digunakan untuk
menghidupkan lampu ini akan berubah mengikut had lingkungan operasi voltan bateri
itu dan ini akan menyebabkan keterangan lampu akan berkurang dan jangka hayat
lampu juga sama. Namun begitu, masalah ini boleh diatasi dengan menggunakan arus
terus regulator dan dengan menngunakan alat ini, masalah seperti perubahan voltan
dapat diatasi. Arus terus regulator juga tidak memerlukan input penapis EMI dan juga
ia sangat murah untuk digunakan. Namun begitu, dengan regulator ini keberkesanan
kuasa yang masuk ke dalam lampu akan berkurang juga dan ini tidak sesuai untuk
menjanakn lampu LED yang berkuasa tinggi jadi dengan menggunakan sistem yang
direka inilah semua masalah itu akan diatasi.

Vi
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CHAPTER 1

INTRODUCTION

1.1  Overview of Project

In this project, | will be designing a power LED driver using PIC
microcontroller and also buck-boost converter. The reason for me to design such a
driver is to provide an efficient solution to the old method using a resistor in series to
limit the current through the power LED because by using the method the LED will
result not having enough efficiency at the typical power levels required for it to operate.
But by using the LED driver, the input voltage can be adjusted to the correct level of
voltage and supply the desired current for LED and also with this driver it will provide a
more efficient solution for driving a high power LED and increase the efficiency of the
power levels required for the LED to operate.

Typically boost converter are used in many electrical application for driving
long strings of LED such as in instrument panel backlights and other lighting devices
that require series connection of multiple LED. A typical boost converter can drive
strings of LED having forward voltage in excess of 100 V. However, recent advances in
the high-brightness LED technology have substantially increased the power ratings of a
single LED package. LED current of 350mA,700mA or even 1A are typical. Therefore,
the number of series-connected LED in the string used in any lighting devices has
become smaller. Despite its simplicity, the boost converter of suffers a serious
drawback in many of the electrical application systems where the supply line voltage
can easily exceed the forward voltage of the LED string.

Boost-buck converters can offer a solution for most of the higher-power lighting
applications, including both exterior and interior lighting. It can fit well even in

forward-lighting devices, when they become available.



A CCM buck-boost converter integrates an input boost stage and an output buck stage,
thus being able to step the input voltage up or down as needed. Both the input and the

output currents of the converter are continuous, yielding good EMI performance.

1.2 Scope of Project and Objective

In this project, there are three scopes that were proposed. One of it is to design
and fabricate controller circuit using PIC microcontroller. The PIC microcontroller that
I will be using is PIC16F785 because it has many suitable characteristic for it to be the
Power LED driver. The second one is to design and fabricate Buck-Boost converter.
Even thought that Buck-Boost converter circuit are fixed it still need to redesign again
into more suitable circuit that is convenient to this application. The third one is to
control Buck-Boost converter the PIC microcontroller.

The objective of this project is to design a system that provides more efficient
solution for driving a high power LED by controlling the LED forward current using
Buck-Boost converter. It is because the system that already has in lightning the power
LED has a lot of power loss and decrease it efficiency and by using this designed driver,
all the problems occurred in the previous mill be solved.

1.2 Efficient LED Control

LED’s must be driven with a source of constant current. Most of LED’s have a
specified current level that will achieve the maximum brightness for that LED’s without
premature failure. LED could be driven with a linear voltage regulator configured as a
constant current source. However, this approach is not practical for higher power LED’s
due to power dissipation in the regulator circuit. A switch mode power supply (SMPS)

provides a much more efficient solution to drive the LED.



An LED will have a forward voltage drop across it terminal for a given current
drive level. The power supply voltage and the LED forward voltage characteristic will
determine the SMPS topology that is required.

The SMPS circuit topologies adopted to regulated current in LED lightning
application are the same used to control voltage in a power supply application. Each
type of SMPS topology has its own advantage and disadvantage and boost-buck can
offer a solution for most of the higher-power lighting applications, including both

exterior and interior lighting.

1.3 Trend of Power Electronic Switch

The key components of the proposed DC-DC converter are the power
semiconductor switches. As the main the main advantage of the proposed DC-DC
converter is to reduce power loss and increase the system efficiency using the
appropriate power electronic power switch. So, it is worth to give some introduction to
the trend of the modern power semiconductor device applicable to DC-DC converter
mainly are IGBT,GTO and MOSFET.

IGBT’s of 3.3 KV 1200A are now commercially available in the market and
GTO’s with the rating of 60 KV and 4500A have been commercially available for
several years. The higher voltage and current rating of GTO’s can be manufactured with
the existing manufacturing technology if required by market. GTO has the advantage of
very low on-state conduction losses compared with other available power
semiconductor device. However it has the advantage of being slow and required a
complicated turn off circuit.

As a majority carrier device, power MOSFET has a very high switching speed.
However since the conductivity modulation, a phenomenon of a minority carrier device
such as BJT and GTO does not exist in power MOSFET, the on state conduction losses

of this device are too high for application that required high voltage and high power.



The main advantage of MOSFETSs for digital switching is that the oxide layer
between the gate and the channel prevents DC current from flowing through the gate,
further reducing power consumption and giving very large input impedance. This is the
reason of choosing MOSFET in our application.



CHAPTER 2

Literature Review

2.1 Dc —dc converter

2.1.1 Definition

Dc-dc converters are power electronic circuits that convert a dc voltage to a
different dc voltage level, often providing a regulated output. The circuits described are
classified as switched mode dc-dc converter and also called switching power supplies or
switcher. There are also some common variation of the dc-dc converter circuits that are
used in many dc power supply design [2].

Dc-dc converters are important in portable electronic devices such as cellular
phones and laptop computers, which are supplied with power from batteries. Such
electronic devices often contain several sub-circuits with each sub-circuit requiring a
unique voltage level different than that supplied by the battery. Additionally, the battery
voltage declines as its stored power is drained. Dc -dc converters offer a method of
generating multiple controlled voltages from a single variable battery voltage, thereby
saving space instead of using multiple batteries to supply different parts of the device

[4].

2.1.2 Switching Regulator

A switching regulator is a circuit that uses a power switch, an inductor, and a
diode to transfer energy from input to output. The basic components of the switching

circuit can be rearranged to form a step-down (buck), step-up (boost), or an inverter


http://www.answers.com/topic/mobile-phone
http://www.answers.com/topic/mobile-phone
http://www.answers.com/topic/laptop
http://www.answers.com/topic/battery-electricity

(flyback). These designs are shown in figures 2.1, 2.2, 2.3, and 2.4 respectively, where
figures 2.3 and 2.4 are the same except for the transformer and the diode polarity.
Feedback and control circuitry can be carefully nested around these circuits to regulate

the energy transfer and maintain a constant output within normal operating conditions

3].
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Figure 2.1: Buck converter topology Figure 2.2: Simple boost
converter
iy
W —o NouT
Vaur
Figure 2.3: Inverting topology. Figure 2.4: Transformer flyback
topology.

Switching regulators offer three main advantages compared to a linear regulators. First,
switching efficiency can be much better than linear. Second, because less energy is lost
in the transfer, smaller components and less thermal management are required. Third,

the energy stored by an inductor in a switching regulator can be transformed to output

voltages that can be greater than the input (boost), negative (inverter), or can even be
transferred through a transformer to provide electrical isolation with respect to the
input.

Given the advantages of switching regulators, one might wonder where linear regulators
can be used. Linear regulators provide lower noise and higher bandwidth; their

simplicity can sometimes offer a less expensive solution.



There are, admittedly, disadvantages with switching regulators. They can be noisy and
require energy management in the form of a control loop. Fortunately the solution to

these control problems is found integrated in modern switching-mode controller chips.

2.1.3 Switched-mode conversion

Electronic switch-mode DC to DC converters convert one DC voltage level to
another, by storing the input energy temporarily and then releasing that energy to the
output at a different voltage. The storage may be in either magnetic components
(inductors, transformers) or capacitors. This conversion method is more power efficient
(often 75% to 98%) than linear voltage regulation (which dissipates unwanted power as
heat). This efficiency is beneficial to increasing the running time of battery operated
devices. The efficiency has increased in since the late 1980's due to the use of power
FETSs, which are able to switch at high frequency more efficiently than power bipolar
transistors, which have more switching losses and require a more complex drive circuit.
Another important innovation in DC-DC converters is the use of synchronous switching
which replaces the flywheel diode with a power FET with low "On" resistance, thereby
reducing switching losses [4].

Drawbacks of switching converters include complexity, electronic noise (EMI / RFI)
and to some extent cost, although this has come down with advances in chip design [ 2].
DC to DC converters are now available as integrated circuits needing minimal
additional components. DC to DC converters are also available as a complete hybrid

circuit component, ready for use within an electronic assembly.
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2.1.4 Buck Converter

A buck converter is a step-down DC to DC converter. Its design is similar to the
step-up boost converter, and like the boost converter it is a switched-mode power
supply that uses two switches (a transistor and a diode) and an inductor and a capacitor.
The simplest way to reduce a DC voltage is to use a voltage divider circuit, but voltage
dividers waste energy, since they operate by bleeding off excess voltage as heat; also,
output voltage isn't regulated (varies with input voltage). A buck converter, on the other
hand, can be remarkably efficient (easily up to 95% for integrated circuits) and self-
regulating, making it useful for tasks such as converting the 12-24V typical battery
voltage in a laptop down to the few volts needed by the processor [4].

2.1.4.1 Principle of operation

In this circuit the transistor turning ON will put voltage Vin on one end of the
inductor. This voltage will tend to cause the inductor current to rise. When the transistor
is OFF, the current will continue flowing through the inductor but now flowing through
the diode. We initially assume that the current through the inductor does not reach zero,
thus the voltage at VVx will now be only the voltage across the conducting diode during
the full OFF time. The average voltage at VVx will depend on the average ON time of the

transistor provided the inductor current is continuous [4].

Figure 2.5: Buck Converter
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Figure 2.6: Voltage and current changes

To analyze the voltages of this circuit let us consider the changes in the inductor current
over one cycle. From the relation

i

dt (Equation 2.0)

the change of current satisfies

v,-V, =L

di= (v, -v)ae+ [[v, - v )at
oN OFF (Equation 2.1)

For steady state operation the current at the start and end of a period T will not change.

To get a simple relation between voltages we assume no voltage drop across transistor

or diode while ON and a perfect switch change. Thus during the ON time V=V, and in

the OFF V,=0. Thus
_ +

0=di = [™(Fin - Voldt + | ™€ [ -Vo)d:
i E (Vi — Vo) .Em ) (Equation 2.2)

which simplifies to

(Vin —Valty, ~Vo o = 0 (Equation 2.3)

or
Va Iy
Fim T

(Equation 2.4)
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and defining "duty ratio" as

ﬁO?‘!

D =
T (Equation 2.5)

the voltage relationship becomes Vo=D Vin Since the circuit is lossless and the input
and output powers must match on the average V,* |, = Vin* lin. Thus the average input
and output current must satisfy li, =D 1, These relations are based on the assumption

that the inductor current does not reach zero [4].

2.1.5 Boost converter

A boost converter (step-up converter) is a power converter with an output DC
voltage greater than its input DC voltage. It is a class of switching-mode power supply
(SMPS) containing at least two semiconductor switches (a diode and a transistor) and at
least one energy storage element. Filters made of capacitors (sometimes in combination
with inductors) are normally added to the output of the converter to reduce output
voltage ripple [2].

An AC mains voltage cannot directly power devices such as computers, digital
clocks, and telephones. The outlet supplies AC and the devices and loads require DC.
Power conversion enables DC devices to utilize power from ac voltage sources. A
process called ac to dc conversion (rectification) is used to convert an AC voltage to
power a DC load.

Power can also come from DC sources such as batteries, solar panels, rectifiers,
and DC generators. A process that changes one DC voltage to a different DC voltage is
called dc to dc conversion. A boost converter is a DC to DC converter with an output
voltage greater than the source voltage. A boost converter is sometimes called a step-up
converter since it “steps up” the source voltage. Since power (V*I) must be conserved,

the output current is lower than the source current.


http://en.wikipedia.org/wiki/Power_converter
http://en.wikipedia.org/wiki/Switched-mode_power_supply
http://en.wikipedia.org/wiki/Switched-mode_power_supply
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2.1.5.1 Principle of operation

The schematic in figure 2.7 shows the basic boost converter. This circuit is used

when a higher output voltage than input is required.

INPUT W OUTPUT

Figure 2.7: Boost Converter Circuit

While the transistor is ON Vyx =Vj,, and the OFF state the inductor current flows
through the diode giving Vx =V,. For this analysis it is assumed that the inductor current
always remains flowing (continuous conduction). The voltage across the inductor is
shown in figure 2.8 and the average must be zero for the average current to remain in
steady state

Vin toy +(Vin—Voltyy =0 (Equation 2.6

This can be rearranged as

(Equation 2.7)

and for a lossless circuit the power balance ensures
iz (1- D)
fin (Equation 2.8)
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Figure 2.8: Voltage and current waveforms (Boost Converter)

Since the duty ratio "D" is between 0 and 1 the output voltage must always be higher
than the input voltage in magnitude. The negative sign indicates a reversal of sense of
the output voltage [4].

2.1.6 Buck-Boost Converter

The buck-boost converter is a type of DC-DC converter that has an output
voltage magnitude that is either greater than or less than the input voltage magnitude. It
IS a switch mode power supply with a similar circuit topology to the boost converter and
the buck converter. The output voltage is adjustable based on the duty cycle of the
switching transistor. One possible drawback of this converter is that the switch does not
have a terminal at ground, this complicates the driving circuitry. The polarity of the
output voltage is opposite the input voltage so neither drawback is of any consequence
if the power source is isolated from the load circuit (if, for example, the source is a
battery) as the source and diode can simply be reversed and the switch moved to the

ground side.


http://en.wikipedia.org/wiki/DC_to_DC_converter
http://en.wikipedia.org/wiki/Smps
http://en.wikipedia.org/wiki/Boost_converter
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The circuit topology of buck-boost converter is similar with the buck converter

and also buck converter, the different between this three converters are only the position

of their inductor, diode and the switch [2]. The output voltage is adjustable based on the
duty cycle of the switching transistor and one of the possible drawbacks of this

converter is that the switch does not have a terminal at ground [4].

2.1.6.1 Principle of operation

The schematic in figure 2.9 shows the basic boost converter.

L
INPUT Vx OUTPUT
K .
+ Iy +
+
. ¥
Vin vy —_c
L >

Figure 2.9: schematic for buck-boost converter
With continuous conduction for the Buck-Boost converter Vx =V, when the transistor
is ON and V =V, when the transistor is OFF. For zero net current change over a period
the average voltage across the inductor is zero

v, _ o

NI

T

T

Loff

()

TIME
Figure 2.10: Waveforms for buck-boost converter
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Vintoy +Votopr =0 (Equation 2.9)

which gives the voltage ratio
Fa L

Pin  (1-10) (Equation 2.10)

and the corresponding current
o __(-D)

fin o (Equation 2.11)

Since the duty ratio "D" is between 0 and 1 the output voltage can vary between lower

or higher than the input voltage in magnitude. The negative sign indicates a reversal of

sense of the output voltage.

2.1.7 Cuk converter

The Cuk converter is a type of DC-DC converter that has an output voltage
magnitude that is either greater than or less than the input voltage magnitude, with an
opposite polarity. It uses a capacitor as its main energy-storage component, unlike most
other types of converters which use an inductor. It is named after Slobodan Cuk of the

California Institute of Technology, who first presented the design in the paper [4].

2.1.7.1 Operating Principle

The buck, boost and buck-boost converters all transferred energy between input
and output using the inductor, analysis is based of voltage balance across the inductor.
The Cuk converter uses capacitive energy transfer and analysis is based on current
balance of the capacitor. The circuit in figure 2.11 is derived from duality principle on
the buck-boost converter [2].


http://en.wikipedia.org/wiki/DC-DC_converter
http://en.wikipedia.org/wiki/Capacitor
http://en.wikipedia.org/wiki/Inductor
http://en.wikipedia.org/w/index.php?title=Slobodan_%C4%86uk&action=edit&redlink=1
http://en.wikipedia.org/wiki/California_Institute_of_Technology
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Figure 2.11: Cuk Converter

If we assume that the current through the inductors is essentially ripple free we can
examine the charge balance for the capacitor C1. For the transistor ON the circuit

becomes

L C La
INPUT 1 1
(50 | 1 OUTPUT
_—). 3 L e
+ 71, T 1 +
L
cl
Vin b V0
C
. .

Figure 2.12: Cuk "On-State"

and the current in C1 is I 1. When the transistor is OFF, the diode conducts and the

current in C1 becomes I,.

INPUT Ly Cy L2 [ OUTPUT
R N [ ) Y S

+ 71 vL1 1 +

L1
Yel
Yin EZ _—"Fﬂ
C
L I i

Figure 2.13: Cuk "Off-State"
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Since the steady state assumes no net capacitor voltage rise, the net current is zero

Tritrmg +(=179)¢ =10
ntow * (l1z)torr (Equation 2.12)

which implies

I _(1-D)

1 o (Equation 2.13)

The inductor currents match the input and output currents, thus using the power

conservation rule

Vo D
Viw  (1-10 (Equation 2.14)

Thus the voltage ratio is the same as the buck-boost converter. The advantage of the cuk
converter is that the input and output inductors create a smooth current at both sides of
the converter while the buck, boost and buck-boost have at least one side with pulsed

current [4].

2.1.8 Flyback converter

The Flyback converter is a DC to DC converter with a galvanic isolation
between the input and the output(s). More precisely, the flyback converter is a buck-
boost converter with the inductor split to form a transformer, so that the voltage ratios
are multiplied with an additional advantage of isolation. When driving for example a
plasma lamp or a voltage multiplier the rectifying diode of the Buck-Boost converter is
left out and the device is called a flyback transformer.


http://en.wikipedia.org/wiki/DC_to_DC_converter
http://en.wikipedia.org/wiki/Galvanic_isolation
http://en.wikipedia.org/wiki/Buck-boost_converter
http://en.wikipedia.org/wiki/Buck-boost_converter
http://en.wikipedia.org/wiki/Plasma_lamp
http://en.wikipedia.org/wiki/Voltage_multiplier
http://en.wikipedia.org/wiki/Diode
http://en.wikipedia.org/wiki/Flyback_transformer
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2.1.8.1 Operating Principle

The flyback converter is an isolated power converter, therefore the isolation of
the control circuit is also needed. The two prevailing control schemes are voltage mode
control and current mode control. Both require a signal related to the output voltage.
There are two common ways to generate this voltage. The first is to use an optocoupler
on the secondary circuitry to send a signal to the controller [4]. The second is to wind a
separate winding on the coil and rely on the cross regulation of the design.

Figure 2.14: Flyback converter


http://en.wikipedia.org/wiki/Optocoupler
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2.2 Power LED

Figure 2.15: Power LED

Light-emitting diodes (LED) has emerged in recent years as viable
sources of light and it’s also extremely durable and has lifetimes exceeding tens of
thousands of hours [1]. It has been the choice for automotive interior lighting for years,
particularly for signal applications. And now, due to recent advances in solid-state
lighting, power LED is being designed in the exterior applications as well. Although
used primarily in center high-mount stop lamps (CHMSL) and rear combination lamps,
power LED continue to gain ground for most automotive interior and exterior lights [3].
The widespread adoption of solid-state light sources is taking place because of
appealing attributes such as small size, robustness, long lifetime and high efficiency.

Automotive manufacturers are attracted by the potential reduction in energy
consumption as well as the space savings realized by smaller lighting fixtures. The
styling potential of power LED also is a great benefit for consumers, which enables
more attractive and distinctive designs [3]. Consumers also benefit from safety aspects
of using solid-state signal lighting. For example, faster turn-on of the stop lamps can
reduce the risk of rear-ends collisions. And perhaps the most compelling reason for
using power LED is their expected reliability and lifetime. These are benefits
manufacturers and consumers can both appreciate, as they will potentially significantly
reduce replacement and maintenance costs for automotive lighting [3]. Exterior power
LED lighting has been increasingly popular on trucks and buses because of the compact

size and shock resistance of solid-state lights.
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These advantages of the power LED lighting fixtures simplify compliance with
various safety regulations. The exterior applications include tail lights, stoplights,
marker lights and identification (ID) lights [3]. For example, the National Highway
Transportation Safety Administration (NHTSA) has issued a new compliance that truck
trailers 80-in. wide or over must have ID lamps mounted over the rear door even if the
space available is only 1-in. high [3]. Power LED narrow-rail lamps provide the only
solution practical in such minimum-space applications.

As we can see, the power LED is changing the world of lighting systems due to
it characteristic and function. The main characteristic of the power LED is;

i.  Last generation of Power LED have a luminous efficiency around 45 Im/W,
with better performances than incandescent lamps (10 Im/W) or Halogen lamps

(20 Im/W). Luminous efficiency in Power LED has been increased in the last 2

years [1].

ii.  Power LED operating life is longer than other types of light [1].
iii.  Another advantage is the broad temperature operation Range (-40 °C to 120 °C)

and the low on-off times, around 100ns [1].

iv.  Power LED is a good choice in lighting applications, because they do not need
complex power topologies for working (unlike discharge lamps) [1].

The application of the power LED’s can be found in product such as medical
instrumentation, general and emergency alarm lighting, design and architectural
lighting, interior and runway lights [3].
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23  MOSFET

Pin 1 Pin 2 Pin 3
G D S

Figure 2.16: MOSFET

The MOSFET (figure 2.16) is a voltage controlled device which characteristic as
shown in figure 4b. Power MOSFET is of the enhancement type rather than the
depletion type. A sufficiently large gate to source voltage will turn the device on,

resulting in a small drain to source voltage [6]. The drive circuit to turn on a MOSFET
on and off is usually simpler than that for a BJT.

_ v
! a8
]
5 (source)
MOSFET: symbeol Vs

v-1 characteristics
(n-channel)

Figure 2.17a Figure 2.17b
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In the ON state, the change in VDS is linearly proportional to the change in ID.
Therefore, the ON MOSFET can be modeled as an ON state resistance called RDS

(ON).

Low voltage MOSFET have on state resistance of less than 0.1€Q2, while high

voltage MOSFET have ON state resistance of a few ohms [6]. Here are a few list of the

MOSFET characteristic for it to be the guidance in switch selection:

It’s a very fast switching device which may exceed 100 KHz. For some

low power devices (few hundred watts) may go up to MHz range [6].

. Turning on and off the MOSFET is very simple. It’s only need to provide

VGS =+15V to turn on and OV to turn off. Their gate drive circuit is also
very simple.

Basically, it’s built in low voltage device. High voltage device are
available up to 600V but with limited current and it can be paralleled quite
easily for higher current capability [4].

There are internal (dynamic) resistances between drain and source during
the ON state that will limits the power handling capability of MOSFET.
High losses especially for high voltage device due to RDS (ON) [6].
MOSFET is well known to be dominant in high frequency application
because of it characteristic to be exceeding 100 kHz switching speed and it

also one of the biggest application in switched-mode power supplies [4].
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2.4 PIC microcontroller

PIC is a family of Harvard architecture microcontrollers made by Microchip
Technology, derived from the PIC1640 originally developed by General Instrument's
Microelectronics Division [4]. The name PIC initially referred to "Programmable
Interface Controller”, but shortly thereafter was renamed "Programmable Intelligent
Computer” [4]. PIC are popular with developers and hobbyists alike due to their low
cost, wide availability, large user base, extensive collection of application notes,
availability of low cost or free development tools, and serial programming (and re-

programming with flash memory) capability [4].

Figure 2.18: PIC microcontroller

2.4.1 PIC16F785 microcontroller

PIC16F785 is a small piece of semiconductor integrated circuits. The package
type of these integrated circuits is DIP package. DIP stand for Dual Inline Package for
semiconductor IC. This package is very easy to be soldered onto the strip board.
However using a DIP socket is much easier so that this chip can be plugged and
removed from the development board. PIC16F785 is very cheap. Apart from that it is
also very easy to be assembled. Additional components that need to make this IC work
are just a 5V power supply adapter, an internal 20MHz crystal oscillator and 2 units of
22pF capacitors. This IC can be reprogrammed and erased up to 10,000 times.
Therefore it is very good for new product development phase [5].


http://en.wikipedia.org/wiki/Harvard_architecture
http://en.wikipedia.org/wiki/Microcontroller
http://en.wikipedia.org/wiki/Microchip_Technology
http://en.wikipedia.org/wiki/Microchip_Technology
http://en.wikipedia.org/wiki/General_Instrument
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2.4.1.1 Feature

The PIC16F785 Flash microcontroller offers all of the advantages of the well
recognized mid-range x14 architecture with standardized features including a wide
operating voltage of 2.0-5.5 volts, on-board EEPROM Data Memory, and nanoWatt
Technology. Analog peripherals include up to 12 channels of 10-bit A/D, 2 Operation
Amplifiers, 2 high-speed analog Comparators, and a Bandgap Voltage Reference.
Digital peripherals include a standard Capture/Compare/PWM (CCP) module, a 2-phase
PWM with asynchronous feedback, a 16-bit timer and 2 8-bit timers [5].

The new PIC16F785 actually reduces the number of devices in a design by
including not only the necessary interface peripherals for a SMPS design, but also two
channels of analogue pulse width modulation (PWM), two voltage comparators, and
two op amps[5].

Now, all the parts needed to implement the analogue control sections of up to
two SMPS channels are included in the microcontroller. This means fewer parts to
handle, a simpler layout, and even a lower material cost. In addition, the microcontroller
control over the SMPS analogue blocks allows control up through a Level 3 design
(on/off control, output control, and topology/configuration control), something that is
only rarely possible with a separate microcontroller/PWM controller solution [5].
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CHAPTER 3

METHODOLOGY

3.1  Overview of Project

Buck-Boost
Converter

PIC
microcontroller

DC power
supply

MOSFET Power LED

Figure 3.1

The whole idea of this project is to design a system that provides a more
efficient solution for driving a high power LED by controlling the power LED current
and the total amount of power going into the power LED by using PIC microcontroller.
This system is designed to provide a more efficient solution for driving a high power
LED and increase the efficiency of the power levels required for the power LED to
operate.

PIC microcontroller will be used to control the level of voltage so it can produce
the desired power LED’s current. It is controlled by setting the duty cycle of the PWM
signal generate in the PIC microcontroller at the average amount of time so that the
power LED is energized.

The PWM frequency is chosen high enough so that the power LED current is
turned on and off at a rate that will not cause the human eye to detect flickering.
Through this, the efficiency of the power levels required for the power LED to operate

will be increase.
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3.2  Hardware Description
The hardware functionality of the buck-boost power Led driver circuit can be divided
into four functional blocks:
I.  Power Supply
ii.  Buck-Boost converter
iii.  Power LED driver system
iv. ~ Power LED

3.2.1 Power Supply

Power supply is part of every electronic device, so wide variety of circuit is use
to accommodate such factor as power rating, size of current, cost, and desired regulation
and so on. A simple way to drop the ac voltage without a bulky and expensive

transformer is to use a capacitor in series with the line voltage.

IN U1 ouT —
v 5V

| = ,JT.CT' L _EE o2 J‘@Q J‘ ; Rl gm: %513
[T T Tmlhomedty ey

Figure 3.2: Schematic of power supply

In this project, the power supply were designed as in figure 3.2 were used to
implant along with the fixed positive voltage regulator to provide a fixed regulated
voltage. Before Vi entered the voltage regulator, it were filtered first using the capacitor
and Vo produce from the voltage regulator were also filtered again using the capacitor.
As you can see, there is has a current sensing resistor located at the negative connection

of the power supply input. A low value resistor is used to avoid excessive power



26

dissipation in the resistor. The voltage across the resistor is amplified using an op amp
on the PIC16F785

3.2.1 Buck-Boost converter

The Buck-Boost converter is used when the supply voltage may be above or
below the required output voltage. The Buck-Boost converter is especially useful for
battery applications. The Buck-Boost topology is also known as a fly-back or inverting
regulator. A simplified schematic of a Buck-Boost converter is shown in figure 2.9. The
converter has a single switch, inductor, diode, and capacitor. As shown, the buck-boost

converter produces a negative output voltage with respect to the circuit common.

3.2.1.1 Buck-Boost Design Equations and Component Selection

In this section, we will be determined the component values for the buck-boost
converter to operate accordingly to how we want it. The output voltage of the buck-
boost circuit is a function of the input voltage, duty cycle, and is given by the following

formula which referring to equation 2.10 in chapter 2:

(Equation 3.0)

At 0 duties, there will be 0 volts across the load. At 50% duty, the output voltage will
have the same magnitude as the input voltage but will be inverted. The maximum duty
cycle should be limited to avoid high peak currents and to prevent instability. Equation
3.1 can be used to relate the inductor ripple current to the input voltage, duty cycle,

inductor value, and switching frequency:
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_ VIN ek
fel

(Equation 3.1)

Equation 3.2 relates the output voltage ripple to the output current, duty cycle, capacitor

value, and switching frequency:

ATVOUT = “‘?;_%t _
. (Equation 3.2)

The Power LED is designed for power at 3W current at700 mA, this would
mean that Vout should be 4.30V for full power LED light to the fullest of it brightness.
Buck-boost converter is a converter that can buck or boost it input voltage, so the
voltage that been supplied to the buck-boost circuit can be varied from 6V to 14V.
Solving Equation 3.0 for k, the minimum duty cycle will be 24% (Vin = 14V) and the
maximum duty cycle will be 42% (Vin = 6V).

Next, equation 3.1 and equation 3.2 can be used to determine the inductor ripple
current and output ripple voltage. The switching frequency, f, is set to 250 kHz to
reduce the size of the inductor. An inductor value of 100 uH was chosen for this design.
The ripple will increase with reduced input voltage and increased duty cycle. At 42%
duty and VIN = 6V, the ripple current will be 101 mA under these conditions. A
capacitor must be used to supply current to the load while the inductor is charging.
Equation 3.2 provides the ripple voltage value based on the switching frequency and

capacitor value. A value of 47 uF will provide 25 mV voltage ripple for this design.

3.2.3 Power LED driver system

This power LED driver system is the brain or the central processing units that
manage the operating system of the buck-boost converter and power LED brightness.
Upon this system, the LED brightness will be controlled by simply adjusting the current

reference voltage that is connected to the comparator input. This is accomplished by
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writing a different duty cycle to the CCP1 peripheral that generates the reference

voltage using the appropriate software and coding.

3.2.3.1 Current Sensing Circuit

A simplified circuit design for the LED driver is shown in Figure 3.3. The topology of
the Buck-Boost circuit has been changed so that a low-side transistor can be used to
drive the inverter.

The op amp, comparator, and PWM module are all contained within the PIC16F785
device. All pins of the op amps and comparators are externally accessible so that any

circuit configuration can be implemented.

! > Vhbat
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Toin L 7%

AT AW oA Mets: O&1, COMP1, CCP1. and PWM blocks ars
+5 _n_;_s.q internal components of the 18F785 device.

[ indeates device 1T pin

Figure 3.3: simplified circuit

This circuit has a current sensing resistor located at the negative connection of
the power supply input. A low value resistor is used to avoid excessive power
dissipation in the resistor. The voltage across the resistor is amplified by using an op
amp on the PIC16F785. For this application the best location for current sensing would

be at the terminals of the power LED itself. However, a sense resistor installed at this
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location would have a high common-mode voltage on its terminals that would exceed
the limits of the PIC16F785 op amp.

Another possible place to measure the current is in the source leg of the
MOSFET. This is a good place to install a current sense resistor, because there will not
be a common-mode voltage present. This measurement would provide the inductor
current, which is the same as the LED current. However, the MOSFET current is not
continuous. The sense resistor would only indicate the LED current when the MOSFET
is on. If current was sensed in the source of the MOSFET, the voltage across the sense
resistor would look similar to the signal shown in figure 3.4. A fast op amp is required

to amplify this signal to a usable value.

Tpwm

Topr tn

Figure 3.4: Current waveform measured at source of MOSFET

Basically, we want to control the LED current and the total amount of power
going into the LED. If the power supply voltage is measured along with the current,
then the total power going into the system is a known quantity. The input supply voltage
and the LED anode voltage can be measured periodically using the PIC16F785 ADC.
These two voltages can be used to calibrate the reference voltage that is used to regulate
the supply current.

The LED presents a constant load, so the current reference voltage does not need
to be set frequently. By referring to figure 3.3, the current sensing op amp is connected
as a differential amplifier to obtain an accurate measurement of the voltage across the
current sense resistor. R1, R2, and C1 form a low-pass filter to reduce any switching
noise that may be present. However, the cutoff frequency of this filter must be chosen
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above the converter switching frequency to avoid limiting the control loop response. R6
and R7 are sized to provide a 1.75V offset at the output terminal of the op amp. This
offset value is chosen to provide the maximum possible positive and negative current

sensing range, based on the maximum common mode input voltage of the comparator.

3.2.3.2 Current Regulator Circuit

From the simplified circuit shown in figure 3.3, this application uses the Two-
Phase PWM module, an internal comparator, and a voltage reference to regulate the
amount of LED current. The Two-Phase PWM module is an ‘analog’ style PWM
module that works on the set/reset principle. First, a clock signal derived from the
system clock is used to periodically turn on the PWM output. The PWM clock signal
sets the fundamental PWM frequency. Second, a reset signal from one of the on-chip
comparators turns off the PWM output when a specified reference level has been
reached.

The amplified current signal is internally routed to the positive input of
Comparator 1 of the PIC16F785. Each of the on-chip comparators has a 4 input
multiplexer to select different input options. The negative input of the comparator can
be connected to 2 different locations. First, the negative input can be connected
internally to an on-chip voltage reference with 16 adjustable levels. Second, the
negative input can be connected to an external input pin.

For this application, the second option is chosen. The Capture-Compare
Peripheral (CCP1) on thePIC16F785 is used in the PWM mode to generate the voltage
reference for the comparator. Using the PWM allows finer control of the comparator
reference voltage. The PWM signal is filtered with a RC filter to produce an analog
voltage and is connected to the negative comparator input pin.
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3.2.3 Power LED

Power LED were the application that we are trying to control by simply
adjusting the current input through it so it can light to it full brightness. Furthermore,
using this designed driver we also can increase the efficiency and reduce it power loss

and also reduce the electricity cost

3.2.3.1 Setting the LED Brightness Level

A low frequency PWM signal can be used to modulate the LED drive current.
Instead of reducing the current drive level, the LED is always driven at maximum
current during the on-time. The duty cycle of the PWM signal sets the average amount
of time that the LED is energized. The PWM frequency is chosen high enough so that
the LED current is turned on and off at a rate that will not cause the human eye to detect
flickering. The PWM frequency is also chosen low enough so that the current regulation

circuit has enough time to stabilize during the PWM on time.

Current
The LED is driven at 1/2 current
A 10msec in this example. Current dimming
€ > is shown (dofted line) varsus

700 ma 4+ PWM dirmming (solid line). The
PWK period is small enough to
avoid visible flicker.

FOmA F— — — ] — —| — —|— —|— — = — -

Figure 3.5 Current and PWM dimming

If these conditions are met, the human eye will average the light output from the
LED over time. The frequency of the PWM dimming signal is usually between 60 Hz
and 1000 Hz. Figure shows block diagrams that compare variable current and PWM

dimming techniques.



3.3  PIC16F785

3.3.1 Schematic
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Figure 3.6: PIC16F785 20 pin

3.3.2 Device Overview

The peripheral features of the PIC16F785 are shown in table 3.1

wy

§ 18[] RAT/ANT/C1ZINO-VREFICSPCLK
T 17 RAZIAN2/TOCKIINT/C10OUT

Y 16[] RCO/ANAIC2IN+

L 15[Je—-= RC1/ANECT2INT-PH1

g 14 RCZIANBIC12INZ2-/0P2

& 13[=——= RB4/AN10/OP2-
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Table 3.1
Program Data Memory
. Memory 10-bit | Op TWO- | o ers | Shunt
Device o Comparators | CCP | Phase .
Flash | SRAM |EEPROM A/D (ch} Amps PWM 8/16-hit REQ.
(words) | (bytes)| (bytes)
PIC16F785 2048 128 256 [17+1| 1242 2 2 1 1 21 0
PIC1GHVT85| 2048 128 256 [17+1| 1242 2 2 1 1 2/ 1




The dual in line pin summary are shown in table 3.2
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Table 3.2

o Pin Analog Comp. AS::JS PWM | Timers CCP Interrupt | Pull-ups Basic
RAD 19 ANO C1IN+ — — — — 10C Y ICSFPDAT
RA1 18 | ANTAREF | C12INO- — — — — 10C Y ICSPCLK
RAZ2 17 ANZ C10oUT — — TOCKI — INTAIOC Y —
RA3M| 4 — — — — — — 10C Y MCLR/VeP
RA4 = AN3 — — — T1G — 10C Y OSC2/CLKOUT
RAS 2 — — — — T1CKI — 10C Y OSC1/CLKIN
RB4 13 ANT0 — OP2- — — — — — —
RBS 12 AN — OP2+ — — — — — —
rBBME | 11 — — — — — — — — —
RB7 10 — — — SYNC — — — — —
RCO 16 AN4 C2IN+ — — — — — — —
RC1 15 ANS C12IN1- — PH1 — — — — —
RC2 14 ANG C12IN2- oP2 — — — — — —
RC3 7 ANT C12IN3- OP1 — — — — — —
RC4 5] — C20UT — PH2 — — — — —
RCE 5 — — — — — CCP1 — — —
RCE& a ANE — OP1- — — — — — —
RCT 9 ANGS — OP1+ — — — — — —

— 1 — — — — — — — — VDD

— 20 — — — — — — — — \Vss
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3.3.3 PIC16F785/HV785 block diagram
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Figure 3.7: PIC16F785/HV785 block diagram
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3.3.4 Programming PIC16F785

In order to instruct a PIC, it needs a command. However, C language deals with
Computer Processor. Computer Processor will only understand instruction. By knowing
what instruction to tell Computer Processor to do specific task, then it is can control of
the Computer Processor. To differentiate that PIC Instruction, it must use Voice
Command. However Computer Processor command must be written using C Compiler.
Computer Processor Instruction (written command) :

- printf — print character to monitor

- scanf — read character type on the keyboard

- for(;;) — do the task forever

- getchar() — Gets a single character from the input/keyboard
- putchar() — Puts a single character on the screen
- while

-if

- else if

- else

Relational Operators

==equal to

I= not equal to

> greater than

< less than

>= greater than or equal to

<= less than or equal to
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3.3.5 MPLAB

MPLAB Integrated Development Environment (IDE) is a free, integrated toolset
for the development of embedded applications employing Microchip’s PIC® and
dsPIC® microcontrollers. MPLAB IDE runs as a 32-bit application on MS Windows®,
is easy to use and includes a host of free software components for fast application
development and super-charged debugging. MPLAB IDE also serves as a single,
unified graphical user interface for additional Microchip and third party software and
hardware development tools. Moving between tools is a snap, and upgrading from the
free software simulator to hardware debug and programming tools is done in a flash
because MPLAB IDE has the same user interface for all tools.

Compiler Overview:

MPLAB has a very flexible customizable programmer’s text editor. It is fully
integrated debugging with right mouse click menus for breakpoints, trace and editor
functions tabbed editor option or separate source windows for user needs. It’s also has
Context sensitive color highlighting for assembly, C and BASIC code readability and
mouse over variable to instantly evaluate the contents of variables and registers. This
feature is available to alert user when there is an error in the writing code whether it’s in
the assembly, C and BASIC code.
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Figure 3.8: MPLAB software

The MPASM assembler, the MPLINK object linker and the MPLIB object
librarian are typically used together under MPLAB IDE to provide GUI development of
application code for PIC microcontroller devices. The three applications are integrated
together to maximize the application to the fullest so PIC MCUs and dsPIC DSC
devices HI-TECH C PRO for PIC10/12/16 MCU Families can running in lite mode and
also
Advantages:

= Easy to use.
= Easy to understand or learn.
= Have simplest command.

= Widely use>easy to make a discussion (forum).

3.3.6 PIC Programmer
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To be able for the coding to be downloaded into the PIC16F785, | use a Melabs
programmer product. It uses serial port to interface with the computer. It can use to
program any PIC that has 14, 18, 20 and also 40. The melabs programmer software is
compatible with the standard Microchip HEX format files. Any assembler or compiler
for PIC microcontroller can be used to create the program, including MPASM, "C",
PICBASIC. The same software that controls the U2 Programmer can be used with all
models of our programmers, including EPIC parallel port programmers and melabs
Serial Programmer.

The software can even control multiple programmers on one computer.The
software allows you to set configuration bits on the PIC with an easy-to-use list of
options. Each configuration option is selectable in a drop-down list. Configuration data
may be read from a hex file or from a PIC. The consolidated view-memory window lets
you view each section of memory in the PIC with a click.

A formidable list of options allows you to customize the way you interact with
the software. You control what areas of the device are erased, programmed, and
verified. Save mouse clicks with options like "Disable completion messages” and

"Erase before programming".

. melabs Programmer _ o] x|
File ‘iew Program Options  Help

EH 9v & ¢ @ PosFsz v C oM

Figure 3.9: melabs programmer


http://www.melabs.com/products/pbc.htm
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Figure 3.10: programmer Figure 3.11: programmer device

configuration



3.4  Project flowchart

Power supply is on with a
selected voltage

Power LED is lightning with
full brightness

1"*push button is pressed

Duty cyde of the pwm increased by 2x. Power LED
brightness is also deoeased

2™ push button is pressed

Duty oycle of the pwm decreased by 2x. Power LED
brightness is also inoreased

Reset push button

are pressed

Power LED rema
brightness
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3.5

Printed Circuit Board Design

Protel DXP 2004:
To design the printed circuit board layout, software called DXP 2004 was used.
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The publisher of the software is Altium. It can be use to design a layout for a PCB

including this software will automatically do a track routing for us. There are several

steps to do it:

¢ »
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Figure 3.12: Start with Altium DXP 2004
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Figure 3.24: PCB routing
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Introduction

This chapter described and discussed both experimental and simulation result
related to the buck-boost power LED driver in generating PWM signal by adjusting its
duty cycle input that will be controlling the MOSFET gate. This chapter is divided into
two parts: simulation of the buck-boost converter using P-Spice and the hardware
implementation of buck-boost converter and the designed driver using the printed
circuit board.

Hardware result showed that the buck-boost power LED driver will be
producing a certain amount of current that light the power LED to its full brightness and
then the current can be dimming by pressing the push button a couple of times so we
can control the brightness of the power LED. We also get a PWM signal at the gate of
the MOSFET produced by the PIC microcontroller. The duty cycle of PWM signal are
the one that controlling the switching speed of the MOSFET and the amount of current
that will enter the power LED and the duty cycle are controlled by the push button.

The simulation result was carried out on a fixed frequency of 250 kHz and fixed
voltage supply of 9V. During the simulation, the duty cycle is the one that we controlled
and see the simulation result. On the other hand, the PIC was programmed to give the
user the advantage to change the duty cycle and the current flow through the power
LED.
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4.2 Printed Circuit Board

The printed circuit board were designed using the Protel 2004 software and this
method were choose instead of using the wire board because of its advantage for us to
troubleshoot the hardware and also making the soldering work much easier.

The works in designing the buck-boost power LED driver using the printed
circuit board are divided into three parts. The first part is to draw it schematic design
using the software and the entire component needed in designing it were available in the
Protel 2004 library. This designing process must be done carefully because any mistake
at the footprint of the component will make the foot of the component related could be
soldered.

The second part is to compile the schematic design and making the printed
circuit board layout. This layout will be design whether we want to use a double layer
board or single layer board. The third part is to drill the board and make a route to the
board according to layout design. We can use neither machine nor acid to make the

route of the board but using the machine is much easier and efficient.
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4.2.1 Buck-Boost Power LED driver controller Schematic Design
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Figure 4.1: Setting PCB rules







4.2.3 Buck-Boost Converter Schematic Design
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Figure 4.3: Setting PCB rules

4.2.4 Buck-Boost Converter Layout Design
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Figure 4.4: Setting PCB rules
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4.3

Buck-Boost Power LED driver Board
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Project PSM

Figure 4.5: Buck-Boost Power LED driver Board
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4.4 Simulation Configuration Description

The Pspice/Orcad was chosen because we deal with some digital IC such as
voltage regulator, operational amplifier and comparator in generating the PWM pulse
and also power switch such as MOSFET in driving the buck-boost circuit. As a result, it
is better if it simulated using the Pspice. Furthermore, we have to ensure that we will get

the desired result using the capacitor, inductor and also Schottky diode that were
chosen.

4.4.1 Schematic Diagram of Buck-Boost converter
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Figure 4.6: Schematic diagram of Buck-Boost
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4.4.2 Simulation Result

In the simulation result the dc source was adjusted to be 9V and the Vpulse were
5V. This simulation is to analyze whether the buck-boost converter will increase the
input voltage if the duty cycle were bigger than 0.5 and will it decrease if the duty cycle
were lower than 0.5.

From this simulation, we control the value of the duty cycle by simply adjusting
the pulse width according to this formula:

Duty cycle = Pulse width/period
When we set the duty cycle bigger than 0.5, we’ll see that the output voltage will rise up
to a certain level and the final value are bigger than the input value and when we set the
duty cycle below 0.5, the output voltage will be decrease to a certain amount of level.

4.4.2.1 PWM signal from the Vpulse

EE SCHE C1-buck-boost - /D - [buck-boost-SCHEMATICT-buck-boost {active]]
i File Edit vie i

SCHEMATICT-buck-boost [ 3

R E ||

Figure 4.7: PWM signal generated using 5V Vpulse

4.4.2.2 Capacitor current signal
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™= cinzuit file for profile: buck-boost

Diate/Time: run: 110608 16:07:32

Temperaturs: 27 .0

() buck-boost- 5 CHBWATIC 1 -buck-boost (active)

107

Time: 16:07:54

Time

Page 1

Oate: Mowember O6, 2003

Figure 4.10: Diode Current Signal generated through simulation

4.4.2.5 Output voltage signal

= zircuit file for profile: buck-boost

Date Time run: 110602 15:20:21

Temperature: 27.0

() buck-boost- 3 CHBWATIC1-buck-boost (active)

2.0m=

1.5m=

1.0m=

0.5ms

1o

16%

o WD11:1)

Date: Mowember 06, Z00E

Time

Time: 154223

Page 1

Figure 4.11: Output voltage Signal generated through simulation

Hardware Implementation Result

4.5
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45.1 PWNM signal produced from the Driver

The microcontroller was programmed by using an assembly language to
generate PWM signal with a certain amount of duty cycle that can be controlled using
the push button. When the power supply is on according to the desired value from 6V to
14V, the power LED will light with full brightness. This application has one reset
button and two input buttons that were used control the value of the duty cycle. One
button increases the duty cycle of the PWM dimming signal and the other decreases it.
A software routine is provided for each button that performs de-bouncing.

When the first push button are pressed, the duty cycle of the signal produce from
the driver controller shown in figure 4.1 will increase thus the brightness of the power
LED will also be reduced and when the second push button are pressed, the duty cycle
of the signal will reduced back to the earlier state and the power LED brightness also
will light back to its earlier brightness. If the first push button were pressed again, the
duty cycle will be increased again and the power LED brightness will also reduce again
and this phenomenon will occur the same way when the second push buttons are pushed
where the duty cycle of the signal will reduced back to the earlier state and the power
LED brightness also will light back to its earlier brightness.

This calibration will only happen when the push button were pressed three times
only and if we want to reset the power LED brightness to the state where it light to its
full brightness, we just has to press the clear button.

4.5.2 Software Implementation of LED Dimming Function
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In this section, there are a few explanations on how the software or the coding
developed. Firstly, the interrupt signal from Timer in the PIC microcontroller is used to
implement the PWM dimming function in software. This allows efficient use of
hardware and software resources since Timer is already used along with the CCP1
module to generate the current reference level. The system clock is provided by the
internal RC oscillator, which is 8 MHz. The system clock is divided by 4 to generate a 2
MHz instruction cycle clock. Timer is clocked by the device instruction clock.

The period register for Timer is set to OxXFF, which provides an interrupt
frequency of 2 MHz/256 = 7.8 kHz. A software state machine is used to generate a 100
Hz PWM dimming signal from the Timer interrupt events. A software variable named
as the PerCount is used to count the number of Timer interrupts. When PerCount = 78, a
new period of the dimming signal is started. At each interrupt event, the value of
PerCount is compared to the second variable named as the Duty, to determine when the
dimming signal should be turned off. The dimming signal is turned on at the start of
each period, unless Duty = 0.

The software generated dimming signal is used to directly control the output of
the Two-Phase PWM module. When the dimming signal is on, the PWM output is
enabled. When the dimming signal is off, the PWM output is disabled.

4.5.3 Voltage Measurement and Current Reference Calibration
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For a typical application, the supply voltage will not change rapidly. For
example, you could expect the battery voltage to decay slowly as the battery discharges.
For this reason, the supply voltage is only sampled by the ADC once per PWM
dimming cycle (100 Hz rate).

The ADC conversion is started one software count period before the LED is to
be turned off (Duty — 1). This ensures that the supply voltage is at a stable value after
the LED has been energized. If the duty cycle for the PWM dimming is 0, then the
ADC conversion is performed at the beginning of the dimming signal period. When the
ADC conversion is complete, a new current reference value is read from the lookup
table. The lookup value is a duty cycle that is written to the CCP1 module. The software
can also do voltage range checks at this time.

45.4 PWM signal generated by the driver using 9V DC voltage input
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4.5.4.1 When Power LED at its full brightness

Figure 4.12

Figure 4.12 are showing PWM signal generated at the gate MOSFET when
powers LED are light at its full brightness captured using oscilloscope. The duty cycles
of the signal are 6.91% and its output voltage are 4.15V.This output voltage value are
act accordingly to the buck-boost principle when D<0.5 the circuit will go into buck
mode and decrease its input voltage. The output current develop at the buck-boost
converter are 325mA and the value of this current are not measured using the
oscilloscope but using the ammeter. The ammeter is placed in series with the power
LED and then we can measure the current flow through it.
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4.5.4.2 When the first push button are pushed for the first time

Figure 4.13

Figure 4.13 are showing the PWM signal generated at the gate MOSFET when
the first push buttons are pushed for the first time. At this time, the brightness of the
power LED is reduced as the duty cycle of the signal is increase two times. The value of

the duty cycle now is 12.86% and the output voltage also decreases into 3.24V. The
output current measured at the ammeter are 214 mA.

4.5.4.3 When the first push button are pushed for the second time
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Figure 4.14

Figure 4.14 are showing the PWM signal generated at the gate MOSFET when the first
push buttons are pushed for the second time. During this time the brightness of the
power LED decrease again and the duty cycle PWM signal are 19.87%. The output
voltage also decreases along with the power LED brightness into 2.1 V and the output
current is now 105 mA. If we want to restore the power LED brightness into its full
brightness, we just have to press the reset button and the PWM signal will go back into

the shape at figure 4.12.



4.6 Calculation on Buck-Boost converter
AtVin=7v

Duty cycle :

Vout = -Vin.[ ]

D
1-D

D=0.43 @ 43%

Inductor ripples current:

pp o Vin oD
-

_ (7v)- (043)
~ (250khz) - (100uH)

A = 01204
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Voltage ripple:

lout-D
AVout =
f-c
700mAa) - (0.43
AVout = ( ) ( ]

~ (250khz) - (47uF)

AVout = 0.0256

At Vin = 8v

Duty cycle :
Vout = -Vin.( )

D
1-D

D= (%)
(Vout

th__lj

D=0.36 @ 36%



Inductor ripples current:

,_ Vin D
Sy

_ (8v)- (0.36)
~ (250khz) - (100uH)

Al = 01152

Voltage ripple:

fout-D
AVout =
f-cC
700mAd) - (0.36
AVout = ( ) ( ]

~ (250khz) - (47uF)

AVout = 0.0214

At Vin =9v

Duty cycle:

Vout = -Vin.(i]

1-D

b= ()
(Vout

7= 1)
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D=0.33 @ 33%

Inductor ripples current:

_ Vin -D
= L

_ (8v)-(0.33)
~ (250khz) - (100uH)

Al = 0.1056

Voltage ripple:

lout-D
AVout =
f-cC
700mAd) - (0.33
AVout = ( j ( ]

~ (250khz) - (47uF)

AVout = 0.0197
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Efficiency of the power LED were measured using at the dc power supply using 9V

voltage input and the input current are 0.2 A

Input power (Pin):
P=VI
=(9.0V)(0.2A)
=1.8W
Output power (Pout):
P=VI
= (4.15V)(325mA)
=135W

Power Efficiency = (Pin/Pout) x 100%
= (1.35W/1.8W) x 100%
=75%
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4.7 List of Component
Table 4.1: List of component
No | Component Specification Quantity
1 | Capacitor 0.1uF 14
2 | Capacitor 1uF 4
3 | Capacitor 47uF tantalum capacitor, Low ESR 4
4 | Capacitor 100uF 4
5 | Capacitor 22UF 4
s | Power LED 3 watt manufactured by CML innovative 1
Technologies
7 | Diode Schottky Diode 4
8 | Connector Terminal block 8
9 | Inductor 100uH 8
10 | Power Switch BUZ73 MOSFET 4
manufactured by Infineon
11 | Resistor 47Q 4
12 | Resistor 1KQ 4
13 | Resistor 10KQ 4
14 | Resistor 27KQ 4
15 | Resistor 4.7KQ 8
16 | Resistor 10Q 4
17 Sensing Resistor 0.08 Q Manufactured by A
Vishay Technologies
18 | Switch Normally Push Button 6
19 | Voltage Regulator | LM7805 3
20 Microcontroller PIC16F785 manufactured A

by microchip
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CHAPTER S

CONCLUSION AND FUTURE WORK

5.1 Conclusion

The objective of this particular project is to design a system that provide more
efficient solution for driving a high power LED by controlling LED forward current
using buck-boost converter. To control on and off of the buck-boost converter, power
electronic switch such as MOSFET will be used and it’s been chosen because of it
advantage operating in high frequency along with their low cost. To achieve the
objective, the control system or known as the driver has been design and implemented
using microcontroller.

In this project, microcontroller PIC16F785 has been used to drive the gate of the
MOSFET by hardware implementation of the driver designed along with the buck-boost
converter and simulation program run with the satisfactory result was obtained. The
hardware of the control system or the driver can only be used to control only one power
LED right now but if we want to control more, we have to make further modification in
the circuit in order to increase the rating current and voltage to control many loads.

In fact to achieve the above objective, all topology of the dc-dc converter was
studied deeply and the entire configuration and the feature of the microcontroller used
have been studied thoroughly. Different used in the design were test thoroughly in order
for the system to work perfectly and to obtain the output signal. The result of the output
waveform has been recorded in the related section and the function of the MOSFET as
the buck-boost switching element in switch mode power supply design is understood

sufficiently.
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In general, the driver design was successful in by controlling LED forward
current using buck-boost converter and driving the high power LED. These conclude
that buck-boost converter really offer a solution for most of the higher-power lighting
applications and in order to control the LED forward current, we must have a fully
control of the PWM signal that drive the MOSFET.

5.2  Future Works and Recommendations

After finishing the work, the author would like to forward some suggestion to
improve the efficient of the buck-boost LED driver as the future work of this project.

1. PC based Graphical User Interface, or GUI technologies might be useful to
be used replacing the push buttons that were used as a switch as now to
control the current dimming and the brightness of the power LED.

2. Secondly, I would like to add a LCD screen on the board. The LCD screens
are function to display the value of the duty cycle produce from the PIC
when the certain amount of input voltage is applied.

3. The third one is to design this driver in smaller size to control traffic light

lamp, bollard lighting and many more.
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APPENDIX Al

Driver Circuit Schematic Diagram:
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APPENDIX A3

Buck-Boost Converter Schematic Diagram:
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PSM 1 Gantz Chart

75

NO ACTIVITIES

1 Title selection

Proposal
selection

Submit Proposal

JANUARY

FEBRUARY

MARCH

Seminar 1

Submit Report

o (01 (bW N

Submit logbook

Component
7 Preparation

APPENDIX B2

PSM 2 Gantz Chart
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APPENDIX C
PIC Microcontroller Program:
list p=16F785

#include <p16F785.inc>
errorlevel -302

;'VARIABLE DEFINITIONS
udata_shr

w_temp res 1
status temp res 1
pclath_temp res 1
BtnFlags res 1
Vbus res 1
Duty res 1
PerCount res 1

;bit definitions for 'BtnFlags' register
BtnlEvent equ O
Btn2Event equ 1
BtnlPress equ 2
Btn2Press equ 3

; Button pins on PORTB
Buttonl equ 7
Button2 equ 6

STARTUP code 0x0
goto Main
nop
nop
retfie

PROG1 code

CalibrationTable:
addwf PCL
rettw .0 ;0
retliw .0 1
rettw .0 ;2
retliw .0 3
retiw .0 4



retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw

cNeoNoNoNoNoNoNRoNofloNoloNo oo oo RoleNo e

132
133
134
135
136
136
137
138
138
139
139
.140
140
141
141
142
142
143
143
143
144
144
144
145
145

125

£ 26 (Vin =3.0V)

0 27
; 28
1 29
;30
;31
;32
; 33
;34
; 35
; 36
; 37
; 38
; 39
;40
141
;42
143
;44
145
; 46
D47
;48
149
;50

(Vin = 4.0V)

(Vin =5.0V)

7



retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw

145
145
146
146
146
146
147
147
147
147
147
.148
.148
.148
.148
.148
.148
149
.148
.148
147
147
146
146
145
145
145
144
144
143
143
143
142
142
141
141
141
140
.140
140
139
139
139
139
138
138

;51
;52
;53
;54
;55
; 56
;57
; 58
; 59
; 60
; 61
; 62
; 63
; 64
; 65
; 66
; 67
; 68
; 69
;70
171
;72
173
;74
175
;76
77
;78
079
; 80
; 81
; 82
; 83
; 84
; 85
; 86
; 87
; 88
; 89
;90
;91
;92
;93
;94
; 95
; 96

(Vin = 6.0V)

(Vin = 7.0V)

(Vin = 8.0V)

(Vin =9.0V)

(Vin = 10.0V)

(Vin = 11.0V)
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retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw

138 ;97

138 ;98

A37 ;99

137 ;100

137 ;101

137 ;102 (Vin=12.0V)
136 ;103

136 ;104

136 ;105

136 ;106

136 ;107

135 ;108

135 ;109

135 ;110

135 ;111 (Vin=13.0V)

134 ;112
134 ;113
134 ;114
133 ;115
134 ;116
133 ;117
133 ;118
133 ;119 (Vin=14.0V)
133 ;120
133 ;121
133 ;122
132 ;123
132 ;124
132 ;125
132 ;126
132 ;127
132 ;128

;Setup internal oscillator speed
banksel OSCCON

bsf
bsf
bsf

clrf
clrf

OSCCON,IRCFO0
OSCCON,IRCF1
OSCCON,IRCF2

Vbus
PerCount

movlw .5
movwf Duty

banksel PORTA
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clrf PORTA
clrf PORTB
clrf PORTC

; Setup outputs
banksel TRISA
bcf TRISA5
bcf TRISC,1

; Setup CCP for PWM mode to make adj. voltage reference.
call SetupCCP1

; Opamp #2 is used to amplify the current sensing resistor
call SetupOpAmp

; Comparator #1 is used for PWM shutdown.
call SetupComparator

; Setup ADC to sample bus voltage
call SetupADC

: Enable the PWM module
call SetupPWM

MainLoop:

WaitTimer2:
btfss PIR1,T2IF
goto WaitTimer2

; If Timer2 has expired, run the following code:
bcf PIRL,T2IF
incf  PerCount

; Check to see if there is a period match (78 TMR2 cycles)
movlw .78

subwf PerCount,W

btfss STATUS,Z

goto DutyCheck

; When the period match occurs, clear the PerCount variable,
: Enable the PWM to drive the LED, start a conversion, and
: check the buttons.



PeriodMatch:
clrf  PerCount

TurnONnLED:
banksel PWMCONO
bsf PWMCONO,PH1EN
goto StartConversion

DutyCheck:
: Check to see if PerCount = Duty

; Turn off PWM output when match occurs.

movf Duty,W
subwf PerCount,W
btfss STATUS,Z
goto MainLoop

TurnOffLED:
banksel PWMCONO
bcf PWMCONO,PH1EN
goto MainLoop

StartConversion:
banksel ADCONO
bsf ADCONO0,GO

CheckBtn1:

call BtnlHandler

btfss BtnFlags,Btn1Event
goto CheckBtn2
movlw .75

subwf Duty,W

btfsc STATUS,Z

goto MaxDuty

movlw .5

addwf Duty

MaxDuty:
bcf  BtnFlags,BtnlEvent

CheckBtn2:
call Btn2Handler
btfss BtnFlags,Btn2Event
goto CheckADC
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movlw .5
subwf Duty,W
btfsc STATUS,Z
goto MinDuty

movlw .5
subwf Duty
MinDuty:

bcf  BtnFlags,Btn2Event

CheckADC:
banksel ADCONO

WaitConversion:
btfsc ADCONO0,GO
goto WaitConversion
banksel ADRESH
movf ADRESH,W
movwf Vbus
SetCurrentRef:
call CalibrationTable
banksel CCPR1L
movwf CCPRI1L
goto MainLoop

Btn1Handler:
banksel PORTB
btfsc PORTB,Buttonl
goto BtnlRelease
bsf  BtnFlags,Btn1Press
return

BtnlRelease:
btfss BtnFlags,Btn1Press
return
bcf  BtnFlags,BtnlPress
bsf  BtnFlags,Btn1Event
return

Btn2Handler:
banksel PORTB
btfsc PORTB,Button2
goto Btn2Release
bsf  BtnFlags,Btn2Press
return
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Btn2Release:
btfss BtnFlags,Btn2Press
return
bcf  BtnFlags,Btn2Press
bsf  BtnFlags,Btn2Event
return

SetupCCP1:
banksel TRISC
bsf TRISC,5
moviw OxFF
movwf PR2
banksel CCP1CON
movilw 0x0C
movwf CCP1CON
moviw .0
movwf CCPRI1L
bcf PIR1,TMR2IF
clrf TMR2
bsf T2CON,TMR20ON

CheckT20verflow:
btfss PIR1,TMR2IF
goto CheckT20Overflow
banksel TRISC
bcf TRISC,
return

SetupPWM
banksel PWMPH1
moviw 0x20
movwf PWMPH1
moviw Ox1F :value for 250 Khz
movwf PWMCLK
moviw 0x81
movwf PWMCONO
return

SetupADC.:
moviw 0x07
banksel ANSELO
movwf ANSELO
movilw 0x50



banksel ADCON1
movwf ADCON1
moviw 0x09
banksel ADCONO
movwf ADCONO
bsf ADCONO0,GO
return

SetupComparator:
moviw 0x9A
banksel CM1CONO
movwf CM1CONO
return

SetupOpAmp:
; Turn on opamp
banksel OPA1CON
bsf OPA2CON,OPAON
return

end
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APPENDIX D

PIC16F785 MCU Datasheet:

MICROCHIP

PIC16F785/HV785

20-Pin Flash-Based 8-Bit CAMOS Microconitroller

High-Performance RISC CPU:

= Znly 35 InstrucHons bo l=am
- Al single-cpole nstnactons exoeps branches
" Zperating spesd
= DT — 20 MHz oscllaficoTiock Inpul
= DZ =200 mE InsTucion cyck
= Ipbenrupt ool iy
= SHevel deep hardwans siack
= Cirect, Indirect ard Reiabdve Addressing modes

Special Microcontroller Features:

Frecizion Infemal Ssclliator:

- Fachory callbraied o =1%

- Bofware ssieciable freguency ranpe of

& Mz bo 32 kHZ

Bofware funable

- Two-Spesd Star-up mods

Zryshal 13 detect for crEcal applications

- Clock mode safiching during operabdon Tor
poeer sawving s

Fower-Saving Skeep maode

Wilds op=rabng wolage mnpe (200555

rdssinal and exiended i=mperabore range

Fower-on Resst [POR]

Fower-up Timsr (FWAT | and Csollator Sam-up

Timer (33Tl

Sron-oul Feset {BICR ) wilth sofware oomin]

opton

Enhanoe=d Low-Cunment Watchdog Timer O8WsT)

with on-chizs oscllsfor (sofleare sejzcabis

rzminal 255 seconds with Tull prescaler) whin

soflaars apabis

Fulipd e ned AMysher Clear wafh pull-upinipet pin

Frosgrammable code probechon

= Hph-Endurance FashEEFRTE o=l

= 00,000 warfte Flash endurance

= 1,000, 000 warke EEPROM snduranos

- FlshiDala EEFRCM redeniion: = 40 years

Low-Power Features:

* Handoy Cunrent
- 30 mAfD 200V, Typloal
* Zperabdng Curremni:
- S A 32 kHz, 2.0V, beodcal
= 100w @@ 1 MHEz, 200 Syplcal
" Wmchdog TIMEer Cument
= 1 A 2.0, yplca
= Timerl Ssclialor Curnent
= TRA D 32 BHE, 2.0%, fpical

Peripheral Features:

High-speed Comparalor moduls w ik
- Tao Indenendent analog coamnaraions

Programmsabie on-chis volages reference

EWHEF] moduke 3% of W'DO)

1.2% band gap voliapes refenence

Comparabor inpuls and ouiowis exi=mally

aoceE sl e

=4[ ns propagation delay
- 2 mv ofset, hploa
Cperaiional AmmplHier module with 2 indepaeradient
DI ATIDE:

3 MHz GEWF, hyplcal

&l 1S pins swbernaly accessibls
Tweo-Priase Asynohronous Fesschock FAk
mricediul e
- Complemariary clfped with programmable

dead band d=lay
Infirile regolution analog duty cyche
Eync Casfpuiinpet for mull-phase FWR
FOSEZ maximum PR frequency
AT Converise
10-bit resaksfion and 14 chanpeis {2 Infemal}
17 0 pins ard 1 Input-orly pin:
Higf-oument sourceisink for direct LED drive
ImlEmugd-on-pin chmige:
Indrsidusily programmabile weak pull-ups
Timerd: S-bhi fmericounter with S-oE
rogrammabde prescaler
Enbanced Timerd:
16-bit timeriocunber Wit prescaler
External Gade Input mode
Cpdon o uss SSCT and O3C2Z In LP mode
as Timer] cscllator, F INTZSSC mode
sejecied
TimierZ: S-bh fimericounter with S-oit period
meplisher, prescaler and psostscaler
Capiure, Compans, FWR modules:
16-bi Caplure, max resobsfion 12.5 ns
Compare, max resolefion 200 nz
10-th PR with 1 culput chammes], max
fregquency 20 kHz
r-ClrouE Serfal Frogramming ™ (15 SR ols) o
pins
Bhunt WoEage Reguiaior (FIC1SHWTES cmily)

S woll reguiaticn

£ ok fo S0 ek, shunt ramge
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o
TEArET pat Mamory Two-
Mamory b | op | Timars | #hant
Davioa [LE P Ampe |Fomparators |CCP| Fhace o0 00| o
Flach | SRAM |EEPROM l=nlf Ampe PN B Reg
fwondel |ioyviec) | (bybes)
2048 125 17+1 2 2 1 i 2 o
2042 1228 17+1 2 2 1 1 2
Diual in Line Pin Diagram
20-pin POOR, ECIC, 38OP
Voo i O a——-ss
RASTI SRS AT LEN 2w ] RALBRSEC M SPDAT
R NET 10080 NCLKOUT ] E 18— RATSSUCT AN RIFICEPCLE
RASWCLA & T AT[Je— RANESITOCEINTES OUT
RCHCCR 5 3 t8[a—s ROAMSTINS
RGN 20UTIPHE 8 & 15— ROUANSICTIMNT-FH!
PCAHTIC T IMNE-ADM T 5 18 [Jo— ROMANST 1IN0 2
R A BT & E 50— REARNINEP
RO TS Os + o 12— RESSN TR 2
RETSEYHC 1= RE&
TAELE 1: DUAL IM LINE PIN SUMMARY
I3 Fin Analog Camp. Aapp-: FWH | Timare FCF | Inbsrmapt | Fall-aps Baclo
RAD 1S AND CliNe= — = = = [=]e: ICSFOAT
A&l 18 | AN1AREF | CI2IRD- - - - - L o IGEFCL
RAZ 7 ANZ C1OUT = = TICE] = MTNOC L =
razilll 4 — — — — — — =] ¥ MCLRN
RAL 3 AN3 = = = T3 = 10C CACHTLEOUT
RAS 2 - — - — TCH —_ 10C CRCA KN
REL 3 A¥10 - CiF 2 - — — - — —
RES 2| aWn — OPI+ — — — — — —
REE| 11 — - — — — — - — —
RET | 40 - — — EYMC | — — — - —
RICO 15 AN CIl= — — — — — — —
RIC* 15 Mg | oeziMa- — FH1 - - - - -
RCZ 14 AME  |Ci3MZ- | OP2 - — — — — —
AC ] e EECE G — — — — — —
RC4 E — CHOUT — PHZ — — — — —
RICE £ — — — — — CCP1 — — —
RICE g AME — TF - — — — — — —
RCT £ EATE] - TR+ - - - - - -
— —_ — —_ —_ _ —_ — —_ WD
— | = — — — — — — — — 55
Mot 4z bnoeut cenily,

2: Cpen drain.

DS 2400 rags T
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PIC16F785/HV785

1.0 DEVICE OVERVIEW The PIG1EFTESMHVTES Is covered by this Data Sheet.

% I= avalabk In 23-pin FOIF, S00C, 350F and GFH
This document conlains device spacHc Informistion for packages. Flgere 1-1 shows a block diagram of the
the FIC1EF7TBSHWTBS. AddEonal Irformation may o= SICAESTEEHYTES device. Takbls 1-9 shows T pnout
found ir the “FICmiCno® ARD-Renps MCL! Famiy Refar desoripiion.

e Manue”™ (DE33023), which may be cblaimed fom
wour locyl Micrechip Saks Repressmiyive of down-
loaded from the Blicrochip wed she. The Red=rencs
Manual showld be considered a complemeniary dooe-
ment b this Dala Bhest and Is highly recommendsd
reading for & bellsr uncerstanding of the dewios
anchischure and operation of e peripheral modules.

FIGURE 1-1: FIC1EFTERHYTES BLOCK DIAGRAM
T
[otee] | "B . .
. Dt s
[ —-_'—_| Frzogram Coundes | " . nen
A4 il ’ R
Frogmam ez
Harary E-Lewel Slack LT
T fay
- nes
:‘J‘:" 14
il 3 e
Tead ddde
[
Frwer-up
Tirmr
=
ORCLCLEIN 1 "‘n .
CECHTLROU Timing | ., - =
Tiamr
B Mz Inlmanal -k
[=1 ER T EE Foani
E WO VEE v CIDATA
Ik i H‘D:’:’“
Timerd Tirerl T2 ccE EEFROM) ] Jrecttaasl :.I:I.
TeOK emoae| | Pawa
— EERC
IL | 1l Il _
Il Al
| Asateges gl et e, (T, |
SELLLLLLEbdED & hd B g
1383393338353 s ::E O3B O: o2
L i

© 2008 Micrachip Tessnslagy e Preliminany DS 240 - page 5



PIC16F785/HV785

TABLE 1-1: PIC1EFTRSIHVTES PINOUT DESCRIFTION
Harmis Funtion I.::;Ppuu' D:;::n Desoripton
RADCANICA M= ERDAT a0 TTL | CA3S | PORTA MO wiin prog. pull-up and Ink=rupt-ocn-change
AR AN —_ AD Chanms! 0 input
N+ AN - Comparaior 1 nom-nvesting input
ICBFDAT | BT | CMOS | Seral Frogramming Daty 10
RAA AN AT 2N RERT A TTL | SR3OS | PORTA 1D whn prog. pull-up amd Inkerupt-on-change
ICIFCLK A5 AN —  |aD crerrsi 1 et
CAZND- | AN — | Comparstor 1 and 2 ireering Input
WHEF AN AN | Exi=mal Silage Reference for AT, buferss refsenos
output
ICAPCLE BT — Seral Frogramming Clock
RAZANITOCENINTZAI0OUT RAZ BT CMOS | FORTA KD with prog. pul-up and Inberupt-on-change
ANZ AN —_ A0 Chanrs 2 inpuk
TICKE 3T — Timerd clock input
ST 3T - Exi=mal Infernupt
CASUT - CRIOS | Comparator 1 oulput
m'-.':: AT TTL —_ PCRTA Input whin prog. pul-ep and Ink=rupt-on-
chanps
WICLA 3T — Fasier Clear with ind=mal pul-up
Ve HY% - Programming wokage
A AN 3T GCET Rk TTL | CAOS | PORTA WD whn prog. pull-up ard Ink=rupt-ocn-change
CLROUT AN AN — | AD crarrel 3 Input
TG 3T - Timeri gaie
CAcT —_ ETAL |Crysial’S=sonabor
CLECUT - CRIDS | Foscid output
RASTICERNDSCIMCLEIN RAL TTL | SOE | PORTA 0D with prog. pul-ep and Interupt-on-change
TICK BT — Timeri clock
oacq ETAL —_ Crystal’S=sonator
CLEIN 3T - Exi=mal clock imput’SC oscliaior connscton
RE4iAN1OMCF2Z- RE4 TTL | CRO3 |PORTE 1T
ARAD AN —_ AD Chanme! 10 nput
Fi- — Ak Cp Amp 2 Invesrting Input
RESIANT1ADP2+ RES TTL WIS |PORTE 1T
AN 11 AN —_ AD Charmal 11 Input
OF2+ — Ak Op Amp 2 mor-inverdng Input
REE RE& T oD FPORTE G Spen drain output
RETEYMC RET TTL | CMOE | PORTE 1T
YT BT CAMCS | Masier PWK Zync oviput or save PR 3ypnc Input
RCOVANSCZING RCD TTL | CW0E |PORTC 1D
ARL AN —_ AD Chanrs| £ Inpok
XN+ AN —_ Comparaior 2 nen-nverting input

Legend: TTL = TTL Input bufier, BT = Schmdlt Trigger input cuffer, AN = Anaicg, OO0 = 2pen Drain output,

H%' = High ‘voRage
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PIC16F785/HV785

23  PCLand PCLATH

T Program Counber (PC) specHies he address of the
Instruction 1o feich for execulion. The program courber
Is 13 bits wide. The low byt |5 calied the POL regisisr
T FCL reglsher Is reaciable and writlabls. The high
byt of e FC (FCe12:8%) s caled e FCH regsisrn
Tris reglster condains FC=12:5= bils which are mot
directly readable or wriksble, Al updales b the PCH
regisisr poes Teough the PCLATH register

On Ay Aesed, e FC s cleared. Flgune 3-3 shows fhe
two slluations for loadieg the FC. The uposr sxampls
of Figure 2-3 shows how the FC s lcaded on a write o
PCL [FCLATH=41= — FCHL The lower sxample of
Figure 2-3 shows how e FC s oaded during & CRLL
or GCTO Instnachon (PCLATH<E: 3> — PCH].

231 MODIFYING PCL

Exsculing any rsinsction with the PCL register a5 fhe
desinabon simullaneously causes e Program
Counber FCal 8% bBie (FCH) 90 e replaced by e
contents. of the FCLATH register. This aliows the snirs
confzris of the program coenter fo be chamged by
Wriling e desred upper S bis b the FCLATH regisisr,
\&hen the lower S blls are wrben o the PCL reglsier, 3l
13 oits of the program counler sl change o e values
contained In G FCLATH regisisr and hose being
writen b the PCL regisi=r,

A Dompaied GOTO Is accomolished by adding an ofset
b the program counter (ADDWF PCLL Cars should D
exsmised when Jumping Inbe a look-up table or
program Deanch fable (pomputed GOTON Dy mod Hring
the FCL regishber. Assuming haf POCLATH |5 set o fhe
tabl= start address, | ihe table kergih Is greater fhan
2EE InstrucHons or B the lower S Diks of the msmory
addrass rols over from CxFF o CxO0 In he middie of
the bz, fhan FCLATH mast be incremenied for each
addrass rollover that coours bebwesn the table
beginning and the anget location within Te table,

For more Inforrmafion neder i Application NOTE ANSSE,
Amoemening a Table Reag™ (D3D0ESE].

232 "ROGRAM MEMORY PAGING

Tre CRLL and SOTS Instruciions provide 11 bis of
address o alow branching within amy 2K program
memory nape. When using & CRLL or GIXTT instructian,
the kost Sigrificant biis of ihe addness ane provided by
FPCLATH=4:3> {page sel=ct bz}, When using a CRLL
or RO TO Instructon, B user must ensue at the pape
selectblls are programmed so that the desined destina-
Hon program memaory page s addressecl When ihe
CRLL Insfrucfion {or imteprupt) Is ewecuied, fhe sniire
134it PG retum address s PUSHed onlo the stack.
Trerefore, manipuiabon of the PCLATH=2= bit s not
respuired for the BETURN or RETFIE Instructions (which
FCFs the address from the stack].

FIGURE 2-3: LOADING OF PCIN
DIFFERENT SITUATIONS
PCH FTL
Irad=ycton wilth
12 a4 7 = Pl
| 1 | Cewitafion

JJF_ PCLAT ek

£y M
a
= AL e
POLATH

PoH PoL
12 1110 a7 5
pz | | | | ormo, ome

] FCLAT =4 1=

FTLATH

232 STACK

The PIC1EFTESHWVTES famlly has am S-kvel deep X
13-bE wide hardwame siack (ges Figurs 2-1). The skack
space b5 mot part of eliner progmam or dafa space and
e Siack Fointer Is rof readanie or wrkabie. The PC s
FlfaHesd onlo the stack when & CALL Instruction ks
execuisd or an RRearnept couses a branch. The stack s
FOPed I the event of 3 AETURNE, BRETLM or BEETFIE
Instruction exscubon. PCLATH Iz mof afeci=d by a
FlUEH or FCOP operatdon.

The siack aperaies as a crcular beMar This means that
afer ihe siack has been PUSHed eight times, 5 ninth
FlUEH ovenafiss the value that was stored from the
first FUEH. The tenth PUEH ovemarkes the s=cond
FiUEaH (and 5o oni.

Mods 1: Thers are no Slahus bes ho Indicale stack
overflow or stack underfow condEons

2. Themee are no Instuctiorsimnemonkcs
called FLUIBH or FOF. These are acfons
that ocoer from the execubion of ihe
CRLL, FETUFN, BETIM and RETFIE

Insruciions or fhe weclordng 9o an
Imiemupt address.

e e e e T E

Praliminans

Tl SR s 8
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30  CLOCK SCURCES
31 Overview

Tre PICIEFTSEMHVWTEE has 5 wide variesy of clock
sources and s=lechon features bo alkow R bo b wsed In
a wide range of apolications while maxmizing peror-
mance &nd minimizing powsr consempidon. Figure 3-1
lNustrates & bleck disgram of the FICIEFTESHYTES
Chock sournces.

Clock sources can be configunesd from exiennal osdlia-
tors, quarz crysial rezonators, ceramic resonators and
Reskior-Capadior (RC) cloults. In addbon, the sys-
tem clock source can be condigursd from ome of o
Int=rnal oscliators, with & cholos of spesds sejsctabls
wia softeare. Addiicnal dock features Indude:

= Zejsctabls system clock source belaesn ext=mal

of Irbermal vis softsars

Teo-Spmed Clock Blar-up mods, which mink-

mizes [yiency Detwesn sybernal oscllabor stat-un

and code swacubon.

* Fal-Zafe Clock konfor (FECM ) designed to
dizbect & Tallure of the exlemal clock source (LF,
KT, HE, EC or RC miodes) and swtich o the
ni=mal ozl

FIGURE 3-1:

The PIZAEFTESHVTES can be configursd i one of

sight clock micdes,

1. EC — External chock with 11D on RLAL,

I LP - 21752 kHz Walch Crystal or Ceramic
Resonaior Cocllator mode.

I XT — Medum Galn Crysfial or Cepamic
Resonaior Csollstor mode.

4. HE — High Galn Srystal or Caramic Resonaion

maode.

RC — Exilemal Reslitor-Capacker (RCH with

Fosc outpud on Rat

E.  RCIO - Exiarnal Resisior-Capachor wilth 100 an
RAZ.

7. INTOESC - internal Oscliytorwih FOSoY output
on RA&2 and D on (RAS

& INTOECIC — Intemal Osclialor with 11D on RAS
and RAE.

Clock  Sowrre maoades  ar=  conflgured by the
FCEC<2:0> bl In the Conflpuratdon ‘Word [see
Smatlon 16.0 “Epaclal Features of the CPUS). Srce
e PICIEFTES/HYTES Is programmed and e Clock
Source mode configuned, It cannot b= changed in the
software.

PICTEFTESHVTES CLOCK SQ0URCE ELOCK DIAGRAM

Exinmal Cazillsler

CEC=340s
ICorlpuralize ‘Woe )
=Ch

JCEC T DRnd=]

\l,\

LF, AT, HS BC. RO BT

earrad Cinclladar

HIHTOSC
2 Wiz

LFINTOST
3 ke

MALEE

Gminn Ckxk
MO ard Padzaenh)

Posar-up Timar | AWET]

Tirer {NDT)
Fuil-Safe ook Moo (FOOM]

B 2002 Misioch p Tetnolagy ISe

Preliminary

DELy 2400 pagn 22
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32 Clock Source Modes

Cleck 2ource modes can be cassfed s swtennsl or
nobernal

Externial Clock modes rely o exi=mal cloulry Tor
the clock source. Examples are oscllaion modulss
[EC muocie], gquartz crysial resonaters or ceramic
resonaior (LP, XT, ard HE mdes) and nesisior-
capachor (RS miade | oircuts.

Intemal cock sounces ans confainsd indernaly
wiinin the PICIEFTESHWTES. The FIC16FTEE!
HY7ES has bwo Inbernal oscliaters; the B MHz
Higir-frequeancy Indesrnal Sscllabor (HFINTCSEIC)
and 31 kHz Low-Trequency Imtennal Szcliator
LFINTOEC].

The sysi=m clock can b sejsches betwesn syi=mmal or
niternal clock sources via ine Sysiem Clock Beleciion
1S0S) bt (522 sotlon 2.6 “Clook 3witohing™).

33 External Clock Modes

3341 QSCILLATOR START-UR TIMER
|{OST)
\When fhe PICIEFTESHYTES I3 cordigursd for any of
the Crystal Qsciiaior modes (LE XT or H3), the Oscl-
Iior Efari-up Timer {SET) Is =nabled, which =xbends
the Reset perksd fo allew the csdliator addfional B
b stabdize. The OET oounts 1024 cock perdods
present on the OSC1 oin dollowing a Power-on Reset
FORL a wake fom Sleep, or when the Poser-up
Timer {PWRT] has axpired (H e PIWRT |5 enabbed).
Curing this @me, ihe program count=r doss not incne-
ment ard program execufion s suspended. The CAT
ensues that the oscliator circult, using a guarz oryskal
resonator or ceramic resanator, hes starled and B pro-
viding a stable system clock fo the PICIEFTESHWTES,
Table 3-1 shows examples whers the oscllator daiay s
Irrecked.
Inamder b minimboe atency bebween extemal caciliator
star-up ard code swecubion, e Two-Speed Clock
Shart-up mode can De selecled {s2e Baotion 3.8 “Two-
Zpaad Clook Fhart-up Maodes®|.

TABLE 3-1:  OECILLATOR DELAY EXAMPLES

Twiph From a‘;:n" Fraguancy Ceoimator Delay Commanic
SleepFOR NTRIC 31 kHz Spz-10 us :annp:\:-e.: Follorwing a wake-up fom Seep mode or
INT2EC 125 kHz-8 MKz o aarut’ POR, CPU stan-up 15 Invcked %o allow the
Sheap C, RS o0 — 20 MHz CPU io become ready for Dode axscution.
LANTCEZ EC, RZ DC —20 MHz
(31 EHz)
SleapFOR LR, XT, 31 EHZ-Z0 M= 1024 Clock Cyries
Ha (DET]
LANTCEZ INT2EC 125 EHz-8 MKz 1 U= (approx.)
(31 EHz)

Hols 4 The S us-910 us star-up delay |s based on a

3.3.2 EC MODE

The Exiemal Clock [EC) mode alows an sxtennaly
genemated logke level @z e sysiem cock sounce
Whan cperating In this mode, an extemal chock source
= cormeched o OEC oin and the RA4 pin is avallaois
for gemeral purpose 0. Flgure 3-2 shows e oin
connections for EC mode

The Ssdliator Siard-up Timer {OET) kb disabled when
EC mole |5 selecied. Thersdome, thene 15 no d=by R
opmrabon afier a Power-on Reset (POR] or wake-up
from Sl=sn. Becasse the FICIEFTESHWTAS desipn Is
fully siatic, siopping the =xtennal clock inpet will e
ine atiect of haling the device whils |saving all cata
nfact. Upon restaring the sxi=mal ook, She device
will msume operation as §no iime Fad elapsed

1 MHEz Sysiem Shock.

FIGURE 3-2: EXTERMAL CLOCK (EC)
MODE OPERATION

Sl Pt =— -.‘::':—F TECUCLEKIN
Erl Spsimm PICISFTEAIHYTES

Rited | W0 DG

DS 2400 page 24 Flr'EIil'l'lil'lar'f'I & 2008 Moorechip Tacheck gy Ins
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43 PORTB and TRISE Registers

FORTE Is & 4-bit wide, bidireciional pork. The come-
sponding data dirscHon ragisier |s TRIEE (Repister £-
&), Seiling a TRISE ot (= 1) will maks the comespond-
ng FORTE pin an Input (le., put fhe cormesponding
oot driver In & High-impedance mods) Cleaning &
TRISE b (= 0) will make e comesponding FORTE
oim an output (Le., put s condents of the oulput Iatch
oin The selected pin). Example 4-2 shows how o Inkial-
ZE PORTE

Reading the FORTE meglsher (Replsher 4-8) reads e
siatus of the pins, whereas ariting o Bwll sk b e
oot fabchi. Al wris operafons ars reac-modf-wtihe
opsrathong. Therefone, & write o 8 port imgdlzs hat e
port pins ane read, this vakse s modifi=d and then wril-
fizn o The sort data k=tch.

Fin RB6 k& an apen draln cwipet. All other FORTE. pins
niaree full SMOS oulput drivers

REGISTER 4-5:

Thee TRESE regisi=r conirois ihe direcion of fhe

CRTE pins, even when fhey are being used a5 ara-
log IRputs. The user must &nsure fhe bis Ik e TRISE
regisizr are malriained =t when using them az analog
Inguts. 11O pins condipured a3 anaksg Input always resd
o

Hiorbs: The AMIELA [S3h) regisisr must be Inkial-
Iz=d bo corfigune an araiog channel as a
glghal Inpui. Fins conflgured as analog
Inputs will read "I

EXAMPLE 4-2: IHITIALIZING PORTE

BCF ETATUE  BF] sEani J
EBCF ETATUE ,RFL ]
CLEF BATR ;Indt FOMTE
EEF ETATUE  BF] ;Hank L
BEF ARSELY % ddgital I/C - MEA
BCF AESILI ] rddgital 10 - EES
MOVLE S0h :Sat RS 4> BB Inputs
MOVHF THEISE sEnd mel FE<T 0

;AE itpmEr
BCF ETATUE  BF] sEani J

PORTE: PORTE REGISTER [ADDRESS: D&, 108h)
RNF-u R\x R

CALUNA [P U0 | -

| =ma7 | mes | mes

rme | — | — | — | -—

LT

] RB-T 4+ PORTE Genemal Punpose W0 Pin biks

1 = Port pin |5 gregter han s
1 = Port pin 1 l=ss tham WiL

ol 30 Unimpiymanted: Rexd a5 ‘o

Hols 1: Dafa lafches are unEnows a®er @ FOS, Dot =ach pord bR reads o' when he
comesponding analkog seiect bt s *1° (sex Reglsier 12-2 on page £20

Legend:
R = Rezdabis bR W o= Wil b U= Unirrplermemiad ok, read as ‘0
- = ValuE 3l FoR 1'm3E s 52t T =Biis dearmd ¥ = 2l |5 unkrosn

REGISTER 4-&:  TRIZE: PORTE TRI-Z3TATE REGISTER [ADDRESS: &6h, 185h)
RN RN Rt =1 40 U U |
| truzez | temes | tRmes | ramsa | — | — ] — —
bET Bita

ot T4 TREEE<T 4 FORTH Tri-Siate Coninol bits
1 = PORTE pin configured 5 am Input (trl-sfaled)
1 = PORTE pin configured 25 am owltout

ot 3-0 Unimpiamantsd: P=x2 a3 °0

Lesgeanid:
R = Aeadabiz bE
- = Value al FOR

W = Wrilable bH
' = 3R Iz 2t

U = Unirnplemenisd bk, read as ‘0
T = Bz deared ¥ = Sh = unkrosn

DS 00- page 42

Preliminary
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44 PORTC and TRISC Reagisters

ORTC Is an 8-bl wide, bldirecfonal pori. The corne-
spanding dats direcfion regisier is TRISS (Register 4-
2L Betting a TRISC bl {= 1} wil malks fue comespons-
Ing FSRTS pin an npet (L=, put the com=sponding
output driver In 2 High-impedano: model Clzarng a
TRIEC Bt {= O] wil make the corespomsing FORTS
pin an output L= put the contents of the cutput labcn
on the sajeci=d pin). Example 4-3 shows hoa o inba-
e PORTC.

Re=ading the PORTC regisier [Register £-7) re3ds fhe
siatus of the pins, whersas wriing b IE wil wrie fo ihe
por Bich. Al write operations are resd-modHy-sarie
operafions. Therefors, a wrile o a port Imples that he
por pins are resd, iz vales |5 modiied and hen
wiither by the port dats labch.

T TRISC reglsier conbrols the diediion of fhe

CHTC pins, &ven when they are being used as
analsg mputs. The user must ensure the bl nine
TRIZC register ars mainiaired set when using e as
analog imputs. 10 pins condigured a3 anslog nput
aluays read ",

Witen RC2 or ACS |5 confdpursd a5 an op amp output,
e comespording RC4 or RCE dighal outpuf drilver wil
aufomaically be dsablied repandl=ss of the TRIZC<S=
or TREQC=5= value,

Hote: The AMSELD {51h) amd AMZELY [53h)
reglsters must be infbalrss do cordiguns
an analsg channsl as & digital mpat. Fins
configured 25 analog Inputs will read [

EXAMPLE £-3: INITIALIZING PORTC
= STATOS , R ‘Emnk 1

ECR STATOS , FEL

AP FORTC :Inilk FCETC

ESF STATDE R ‘Emnk 1

CLep AMEEL
TLRD ARHEELL
HOYLE dCh
EOUKF  TRISD

sdlgieal 100
relgdeal I3
s BI<d Ix mr luputa
» End aek RToS,4, 100

ECF STATOS |\ FR

REGISTER 4-T: FORTC: PORTC REGISTER [2DDRESS: 0Th, 107h)
Al Rl Rasex ravr R Eawad Rt Rt
| mc7 | mos | mcs ace | moz | mez | omo | Rmeoo
bR7 kit
oR 70 ROyl PORTC Gensral Furpos= KO3 FiR Bils
1 = Port pin ks gresier fhan Yik
0 = Port pin 15 lzss fhan Wil
Hote 1: Dala lalches arz wsknown ater a POR. but =ach pot o reads '0° when the
corresponding anaiog sei=ct bt ks 1" [z Reglsters 12-1 and 12-2 on page 52}
Lisgena:
R = Se=adabie ki W = Wirtainie bh U = Unimpiemenied bE, read az ‘0
-0 = ahkee 2k FOR ‘1" m Bl ks st ‘0" = Eit Iz Clzared ¥ = St Is urknomn
REGISTER 4-3: TRISC: PORTC TRI-STATE REGISTER (ADDRESE: 8Th, 157h)

A1 RnA-T RAN-1

A1 RAna-1 -1 -1 A1

[ Trizcy | Tmiscs | TRizcs

| Trizca | Tmics | TRizcz | TRISCE

TRISCD

oR7T

Bitd

bR 7-0 TRIEGCTA0; FORTC Tri-Stabe Control bits
1= PCRTEC pin configuned as an iInput (ird-statsd)
0 = PCRTEC pin conflgured as an ouiout

Lagend:
R = Feaydable bt
- = WAk 3t FOR

4 = Wirliable bi

1" m Bil ks 521

U w Unimplemented bE, read as ‘0"
‘0" m Bl 15 cleared ¥ = St Is unknown

2008 Wieivehip Tectnalagy i=e

Preliminary
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APPENDIX E

MOSFET BUZ73 Datasheet:

94

2IPMOE & Fowsr Tranchchor BUZ T3
A\
= M znarnel f,f/;\(\{—'_ .,
» Enhancement mode o po
» AvElanChE-TEEs el A
Py ,
= Fi-Ined ead platng. RoHS complisnd e ud 1411
Pin 1 Fin 2 Pins |
a D z |
Type [ ﬁr_,&-. Package Ordering Cods
BUZ 73 200 T4 040 P&TO-220 AD CEAITE31317-A2
Maximum Satinge
Faramaisr Svmbo Valuse UnH
Continuous draln cument b A
T-=325°C 7
Fuised drain cument [
T-=35°'C IE
Avalancne curment Imited bY T hr 7
Avalanche energy, pariodic Imited By Tjep. Exp 65 m.J
Auzlanche energy, single pulss Eps
=T A VYoo =30V, Rgg=2542
L= 367 mH, T =25 'C 120
Gate source wollage Vas 0 W
Fower Mssipation Pl W
To=235'C 21
Cperaing temparaturs T -E5 .. +950 'C
Slorage temperatures Tiig -5 ..+ 130
Themal registancs, chip casa R £3.1 LA
Thermal reslslancs, chip to amblen R 75
Dk humidlty categony, DIN 20 02D E
IEC cimalic cabegory, DI IEC 631 55/ 150756
Rew. 2.1 Page 1 2005-02-15
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Elsatrioal Charaotericios, af '."I = I5NC, unless oinenlse specifled

Paramaisr Bymbo Valuss Uik
min. fvp. A,

atatlo Charaatsriciics
Drain- sourcs breaudown vollage VieriDss )
Vog =0V, p=025mA, T =25'C 200 - -
Gate threshokd voliage Vazmy
Vag=bhs ip= 1 mA 21 3 4
Zero gate voltage draln current bes 13
Vpg = 200V, Wag =0V, Tj=25°C - 0.1 1
Vog =200V, Vgg =0V, Tj=125C - 10 100
Eahe-source leakage cunnent b=s na.
Vag =20V, Vog =0V - 10 100
Drair-Sounse or-resistance E:Eh-:c,m ¥
Vg =10V, =454 - 03 04

Rev. 2.1 Page 2 2005-2-15



Elsotrioal Charactsrictes, 30 '."I- Z54Z, urless oinenyise snecified

96

FParamatar Svmbo Waluag Umlk
miln. fvp. mian.

Dymamilo Charaobericilos

Transoanducsiance oy =

Voe2 2 + Ipe Rosyanimas o =454 3 4.2 -

Inpul capaciance i pF

Vag=0W, Wog=353V, M= 1MHE - 200 530

Cuiput capachiance Cons

Vag=0W, Wog=2353V, f=1MHE - 33 130

Revarse iransfar capadiancs Gz

Vg = OV, ko= I5W, f= 1 MHZ - 4% T

Tum-an delay ime Liyosy &

Vo= 30V, Wog =10V, k=3 A

gy =500 - 10 5

Fize time £

Vpp=30W, Vog=10W, i=3 A

Fgg=50 00 - 40 EO

Tum-T delay tme Loom

Vop=30V, ¥pg=10V, =23 A

R =500 - 55 T3

Fall fime L

Vo= 30V, ¥ge=10V, =23 A

R =500 - 0 40

Page 3
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-I—
@ BUZ 73

Powar disslpation I:lraln_ currant
Py = fTz) Iy = Tz
parameter: Vg 210 W

] ‘3
A -
W g B
- g, Ee
54
T o T 58
s
Y
E W, 4 oy
- A
1
15 T - 5
28
\
1l 14 ]
i
1.2 [
L]
as
8 o
¢ 25 4 E B M i T F N AN W R WA T W
- —_— T
Safe oparating area Tranzlent thermal Impadance
e - -
o= V) _ Fnac = AL
parameter: 0= 0,01, To = 25°C parameter O=&/ T
-
A IXED
b 2
. MR T
i1 i1

(ol B I mEann

Fev. 2.1 Fage 5 2005-02-15
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|nfin||a|:|n BUZ 73
Draln-sourca on-reskstanca Gate threshold voltage
- Vias g = AT)
Fpg gom = A7) e . L =1mA
Arameter: =434, Ve =10V parameter: Vgg = Vog. = 1M
o as
= = ]
o vi—=d ] -
& -
. -
L S, Yiusm w8 -
& e -
T T a3
v 28 i .
o &4 - = =
y -
A L~ =
= & = =
uE
! -~ 1.2
[} 1= g
i 2= [
i {1 5]
&0 a0 W il 1081 R 181 - e i) - 1] [ Wi L= =i
- T —_— I_I
Typ. capaottanoss Forward characterlztics of reverse diods
c= ':I-"-I'.Ii:'. == f{ Vap)
Paramesarliyg = OV, M= 1MHz parameter Tj, £, = 80 5
w1 uad
nF B
C I' _.r"-_d' - =T _ 1~
AT
T e T bl H-{;
F.i
o e &
II\
l"\ e
- - .
g = T N
= — — |Il 25T v
= = - T T r=macue
- | - 1= 250 iy
'_ a R0 T (R
16-3 1 | I I T I I |
[ - { 1) s 20 = a3 W an ol o4 ca L] LE 20 4 W 2D
—_— W

Rew. 2.1
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	2.1.2 Switching Regulator
	Switching regulators offer three main advantages compared to a linear regulators. First, switching efficiency can be much better than linear. Second, because less energy is lost in the transfer, smaller components and less thermal management are requi...
	voltages that can be greater than the input (boost), negative (inverter), or can even be transferred through a transformer to provide electrical isolation with respect to the input. Given the advantages of switching regulators, one might wonder where ...
	2.1.3 Switched-mode conversion

	2.1.7 Ćuk converter
	2.1.7.1  Operating Principle

	2.1.8 Flyback converter
	2.1.8.1 Operating Principle

	[7] LED Backlighting for LCDs Requires Unique Drivers
	Available at:  http://powerelectronics.com/power_management/led_drivers/led-backlighting-lcd-power-efficiency-0512/
	[8]  MOSFET
	Available at: http://en.wikipedia.org/ wiki/mosfet

