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ABSTRACT

To Enable the bike to walk longer by adding a new set of batteries that
switch between them and the first group automatically to make one in the case of

charging and the other in the case of discharging at the same moment.

The average distance traveled by the bike before the batteries run is between
35-45 km. After adding the new recycle of batteries, we will exceed this limit of
distance, especially when providing a source of charge, which converts the
mechanical movement to an electric power for charging the empty set of

batteries while the bike is running.

After reaching max limit of charging the new range of batteries lies can
control the process of switching in the input and output batteries.Reach to a

smooth transition between the two sets of batteries through (micro controller).
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CHAPTER ONE



INTRODUCTION

The electric Bike is made up of a bike with an integrated electric motor used
to propel it with a large variety of different shapes available all over the world Its
function 1s similar to the function of a motorcycle and relies on its technology on
electric energy in the management of the engine in charge of the movement used
by dry batteries (Led acid) to store energy . Electric bicycle is a vehicle
empowered by electric motor in order to move. It is also known as e-bike. For
the power source of the electric motor, certain country used different power,
because it is depends on the Law of the country. The invention of the electric
bike is as a proof that the engineering field keep advancing, the invention of the

electric bicycle make it replacing the old bicycle in the market.

Although the electric bicycles are using electric motor, it still called as
bicycle rather than motorcycle. This is because it identity as bicycle is still fixed
which is most of it part are belong to bicycle. So, it not included in transportation
law which require the certification and operation as on good motor vehicle. It is

not need to have license to ride the electric bicycle.

The electric bicycle is not a fully motorized vehicle, it’s just semi motorized
bicycle, which is still have pedal, gearing, brake, and frame design and so on.
This electric bike use Led acid which is a common power supply used on the
electric bicycle. This kind of the battery is rechargeable and a lighter and denser
capacity batteries which is make it the designing of an electric bicycle more
handful and easier. The electric bicycle is not like a motorcycle in many concept,

either it design or it power supply. Besides that, the electric motor is also used



lower power compared to motorcycle which is the bicycle still need the rider to
pedal the bicycle.There is some type of electric bicycle that commonly used by

all the people in term of weight and frame material type.

Weight of the bicycle also plays an important role in the speed of the bicycle.
The weight of the bicycle depends on the purpose of the bicycle been used, it is
either for competition so there is few of common weight that been used for the
bicycle. On the older bicycle, the weight of the bicycle is about 35 or 40 pounds,
this kind of weight was back older day before the technology of the bicycle still
not growing. Now, the weight of the bicycle was improved, the weights of the
bicycle have been reduced about to 15 and 25 pounds. The improvement of the
weight of the bicycle is for the purpose of bicycle handling and speed of the
bicycle.

1.1 objectives:

The main objectives of this project are :

1. Develop the current electric bikes to travel longer distance possible distance
taking into account operational weight .

ii. Easily handle this bike with the necessary safety.

iii.  Fireworks in terms of construction, operational costs and stability in work.

1.2 Methodology

- Practically By adding newsett of battery.
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- Write ATmegal6 microcontroller program to control the entrances and exits of

the two sets of batteries by relays.

1.3 layout:

This project consist of five chapters: Chapter on gives an introduction,
motivation and objectives. Chapter two discusses the background of the electric
bicycle industry in the world, explains the type used in this project , the parts,
and the electrical theory used in it . Chapter three the main circuitand shows how
it worksand presents the power circuit connection.Chapter four presents the
results , the parts used, and how to control. Finally, Chapter five provides the

conclusions and recommendations.



CHAPTER TWO



LITERATUERE OVERVIEW

2.1 Introduction:

In this chapter we will introduce electric bike construction and theory of

operation.
2.2 Electric bicycle background:

It is surprising to know that the experiment done to make bicycle to function
on electricity, was done quite a long time ago. The record said that the first
electric bikes were already available during 1890s1. Various patents during that
time prove that. On 19 September 1895, a patent application for an "electrical
bicycle" was filed byField-Oriented ControlOgden Bolton Jr. of Canton Ohio
(Patent number: 552271)2. The bicycle ran on 10 volt battery power, in which
the motor could draw power up to 100 amperes. The hub motor was used placing
in the back wheel. During that time gears was still a mysterious concept for the

bicycles. So, it was made without it.
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Figure2.1.:A patent by the name of Ogden Bolton Jr. of Canton Ohio on e-bike

On 8 November of the same year, another patent application for an "electric

bicycle" wasfiled by Hosea W. Libbey of Boston (Patent number: 596272).
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Figure 2.2: A patent under the name of H. W. Libbey

During that time in 1897, Hosea W. Libbey from Boston state invented an

electric bike thatran on double electric motor. The motor having integrated



within hub of the rear wheel. This model has been reused in various latest

designs of e-bikes at present times.

It was by year 1898, a belt connecting outer edge of the wheel to the motor
patented in the name of Mathew J. Steffens. In the same year John Schlep tried a
back wheel friction“roller-wheel” style drive electric bicycle. It was in 1969 a
modification of the same version was done consisting of 4 motors connected in

series with the support of clock-wheel gears.

Figure 2.3:John Schnepf’s Friction Drive e-bike

Torque sensors and Power controls were developed recently in the 90s. The

well-known commercial e-bike named ‘Zike’ was the modern e-bike which was



launched in 1992, during that time hardly any commercial e-bikes were present
in the market. Japan experimented in this and one patent relating to this under the

name of Takada Yutky in 1997.

It was from 1993 onwards, when well-known Japanese companies involved in
producing commercial e-bikes in huge numbers, it drew other companies’
attentions into this, by estimating the huge market potentials, as a result the
growth towards e-bikes increased by 35%, leading to the downfall in the

production of regular bicycles.

In 1989, Michael Kutter, the founder of ‘Dolphin E-bikes’ done the first
initiation in commercially producing e-bikes in the market. After his attempt, a

well-known motorbike
2.2.1 Future of e-bikes:

The advantage of e-bikes has become more prominent in the recent times.
The big companies’ involvement helped to make it even better. They have tried
to include many sophisticated technologies in the design of this e-bike. Brushless
motors replaced the brushed ones to make it durable, efficient, and noise-free
ride. Lithium battery inclusion has made e-bikes much lighter with better
performance. Throttle replaced with Torque sensors has made the ride smoother.
That i1s why today e-bike is growing popularity because of having the
characteristics like lightweight, good-looking and able to make a long ride up to
55 miles on a single charge. E-bikes are now the rapidly growing name in the
bicycle industry. Now with the demand for clean and safer world, there is only

one possibility remains, success and just only success.



E-bike has gained its popularity in Europe slowly, and Germany is moving
ahead in this, doing complete overhaul by replacing ordinary bikes. That is why
e-bikes are taking market shares away from the conventional bicycles. It is also
the case in India and China. In China they are slowly replacing other two wheel
transportation vehicles based on fossil fuel. Firstly, it is due to high rise in
petroleum price, secondly, the subsidies given by the government in promoting
these e-bikes, helping it to make it affordable. This is also helping at the same
time breaking the dependency upon oil and foreign market, and at the same time

stabilizing globaltemperature thereby preserving the wellbeing of the planet
2.2.2 Why to choose e-bike (Analysis with respect to cost):

It is an interesting question to know as how much does it cost to charge an e-
bike, that is what we are going to analyze in this to see if it is good enough in

this regard as well.

As we know it takes around six hours on a normal house socket to refill the
battery completely, which goes almost the same for both normal and high

powered batteries.
Little calculation to test as how much cost it can there be to charge an e-bike.
1. First calculating the kilowatt hours of our e-bike battery:

Approximately taking the voltage of the battery as 60 volts and 12
ampere-hours (written also in the battery pack), we get the amount of
kilowatt-hours that is required to charge this battery, which is around
60*12/1000= 0.72kilowatt-hours . This is the number which electric company

will charge for each hour e-bike is attached with the power line.
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2. Second how much time e-bike battery takes to charge it completely:

Considering the approximate time of 6 hours for completely charging, we get
0.72 kilowatt-hours* 6 hours = 4.32 kilowatt-hours , which is charged by the

electric company for completely charging the e-bike.
3. Third is to include electric company’s billing rate for per kilowatt hours:

Using the present rate of 1.5 SDG per KWh, we get (4.32 kilowatt hours * 1.5
SDG per KWh = 6.460 SDG for fully charging an e-bike battery).

4. Fourth to check the cost per mile:

When battery is fully charged, it can give poweruntil 50 miles. Taking this
idea into account, we check that it costs 6.460 / 50 = 1.292 SDG per mile.

Using this evidence it is clear that it does not cost the very minimum and
virtually nothing ifwe compare with any cars.That is why it is also a way to save

money, but also Save Earth as an extra contribution .
2.3 E-bike’s components:

Pedelec differs from an ordinary bike by the inclusion of an electric motor, a
battery, and electronic control system to monitor the motion of the cranks. There
can also bepanel to view the status of battery, bike speed, and also the total
distance covered by the bike. The security components like brakes, lighting, and
structure body can be little stronger in e-bikes than in ordinary bikes, to

withstand little heavier motion than ordinary bikes show the (Figure 2.4).

11



CE Electric bike

Product name . CE Electric bike

Figure2.4: CE electric bike
2.3.1 Battery:

Battery is the main component in e-bikes. There are many types which have
been tested until this time but the popular ones Led-acid Batteries show the
(Figure2.5). The battery capacity varies in bikes. In general the storage energy
mostly up to about 400 Watt hour. Battery quality is measured by how many
cycles they can be charged, and how much percentage it works still after a fixed
duration length, which is measured by comparing with the original capacity at

the manufacturing time. The charging time essentially depends upon the types of

12



batteries that is used and accordingly it can be 2 to 9 hours. The most trustable
battery at this moment is Led-acid battery, it is light that what makes the
efficiency of the e-bikes to rise. Besides it is durable and importantly can deliver

longer power into the system.

Figure2.5: led acid- battery
How can we charge the battery, and improve its efficiency level?

In some system it may be possible to charge the battery in three different
ways, one is by using the 220V AC socket, another one is by using the solar
panel attached to the bicycle carriage, (which is then used to convert solar power
into electricity and that generated electricity is stored into the battery
continuously, and that accumulated power helps to increase the efficiency of the
battery, as it improves the durations). Finally the experimental option of
recharging the battery can also be done by using dynamo. It is placed in such a
waythat it starts revolving as soon as tires move, and all these rotations produce

electricity to enhance battery power. It can have different variations, but it must
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be said that it is not applicable so widely because the power it generates is not so
enough than the hindrance it creates, that is why it is still in the experimental
stage. In our bicycle, we do not use any external charging unit attached to the
bicycle. It is just that battery which is charged when it seems empty, by using
normal electric socket that is available in houses. We simply take out the battery

and recharge when the Power is too low to drive the bicycle easily.
2.3.1.1 Controller role in battery functions:

The technology that is used applying the controller topower the motor in e-
bike is already very sophisticated. Motor consumes power when there is a need
otherwise it remains completely disconnected with the main power supply, the
battery unit. This system of functioning saves lots of battery power when it is not
required. The microcontroller reads the need of the Power by the rider’s
behavior. When the rider is not moving the pedal, it means that the speed is
already good enough, then there is no need for pedaling the bicycle or increasing
the speed. During that time the process of supplying power to the motor remains
completely idle. But as soon as the rider starts pedaling, it is almost quite
instantly the controller comes into action and in few movements activates the
power supply unit (the battery) to supply power to the motor hub. This
mechanism makes the battery’s function most sophisticated, as it works quite
automatically to increase the efficiency of the battery. Besides by making the use
of the motor at the right time, especially in difficult terrain, riding becomes

rather easy and comfortable.

2.3.1.2 State of battery:

14



It is considerably the main hurdle in the process of bringing long
durablebattery powered portable goods is because we still lacking the high
quality batteries that canbe recharged quick, store maximum power and supply
abundantly for long durations. Until this time we have batteries, which is not just
big and heavy it is also not efficient to work for long durations. The capacity of
the battery again goes down very rapidly over the time of use, Therefore quite
incompetent, in this respect. Still we have developed to that level that we
canmake use of batteries which is efficient enough to fulfill our task for limited

time at least.

2.3.2 Motor:

Motor is made up of skillful wrapping of coilsshow the (Figure2.6) on a
stator, a rotor for the rotation, and magnets to influence the rotations. The
magnets used their work electromagnetically. That means electricity influences
this iron to behave like a magnet, having both attraction and repulsion
characteristics of a magnet into this, thereby helping it to generate the motion
accompanying this. The principle in this is to switch the direction of the forces to
keep the motor to move continuously, once it is started until the time it is
stopped. There are two types of motors commonly used in e-bikes, one is

brushed motor and another is brushless.

15



Figure2.6: BLDC motor

2.3.3 Controllers:

There are mainly two types of controllers which are designed to be effective
on two types of motor, one is brushed, and another is brushless. According to the
motor in use the controller function also varies. Brushless motors are popular
nowadays because of high efficiency and durability, and it is also supported by
the reduced cost factors, where as brushed motors because of less complex

controller mechanism, is still in use fairlyshow the (Figure2.7) .
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Figure2.7: the controller

2.3.3.1 Controllers used in brushless motors:

There are various sensors used to check and control the speed movements. To
do this quite efficiently, Hall sensor is used The reason is also that e-bike
requires strong initial torque to complement the low powered motor, this
mechanism to control with safe the speed, the sensor has special functions to
monitor the speed accurately. Various electronic controllers provide real time
data input to the controller to react according to the situation. Usually the
measuring values by the sensor are the ongoing force, and the present speed of
the vehicle. The controllers work with closed-loop speed control mechanism for
precise speed control, by adjusting the speed and also over-voltage surge, over-
current input, or other levels of protections. Controller uses PWM (pulse width

modulation) to adjust the power input to motor. In some e-bikes regenerative

17



braking system brings additional role of power generation and management from

the controller. In short, it has to maintain safety.
2.4 Microcontroller (Atmega 16)

Atmegal6 is a 40-pin low power microcontroller which is developed using
CMOS technology. CMOS is an advanced technology which is mainly used for
developing integrated circuits. Itcomes with low power consumption and high
noise immunity. Atmegal6 is an 8-bit controller based on AVR advanced RISC
(Reduced Instruction Set Computing) architecture. AVR 1s family of
microcontrollers developed by Atmel in 1996.1t is a single chip computer that
comes with CPU, ROM, RAM, EEPROM, Timers, Counters, ADC and four 8-
bit ports called PORTA, PORTB, PORTC, PORTD where each port consists of
8 1/0 pins.Atmegal6 has built-in registers that are used to make a connection
between CPU and external peripherals devices. CPU has no direct connection
with external devices. It can take input by reading registers and give output by
writing registers. Atmegal6 comes with two 8-bit timers and one 16-bit timer.
All these timers can be used as counters when they are optimized to count the
external signal. Most of the necessary peripherals required to run automatic
functions are incorporated in this device like ADC (analog to digital converter),
Analog comparator, USART, SPI, which make it economical as compared to a
microprocessor that requires external peripheral to perform various functions.
Atmegal6 comes with 1KB of static RAM which is a volatile memory i.e stores
information for short period of time and highly depends on the constant power
supply. Whereas 16KB of flash memory, also known as ROM, is also
incorporated in the device which is non-volatile in nature and can store

information for long period oftime and doesn’t lose any information when the

18



power supply is disconnected. Atmegal6 works on a maximum frequency of

16MHz where instructions are executed in one machine cycle.
2.4.1Sub system in Atmega 16(ADC):

The inputs available from the environment to the microcontroller are mostly
analog in nature, i.e., they vary continuously with time. In order to understand
the inputs by the digital processor, a device called Analog to Digital Converter
(ADC) is used. As the name suggests this peripheral gathers the analog
information supplied from the environment and converts it to the controller
understandable digital format, microcontroller then processes the information

and provides the desired result at the output end.

Analog Signal Digital Signal

—, ADC __,

ATmegal6 has an inbuilt 10 bit, 8-channel ADC system. Some of the basic
features of Armegal6 ADC are:

8 Channels.

10-bit Resolution.

Input voltage range of 0 to Vcc.

Selectable 2.56V of internal Reference voltage source.
AREF pin for External Reference voltage.

ADC Conversion Complete Interrupt.

19
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ADC channels in Atmegal6 are multiplexed with PORTA and use the
common pins (pin33 to pind40) with PORTA. ADC system of Atmegal6

microcontroller consists of following pins:

I ADCO0-ADC7: 8 Channels from Pin 40 to Pin 33 of Atmegal6 ADC
peripheral.

II AREF: Pin32 of Atmegal6 microcontroller, the voltage on AREF pin acts as
the reference voltage for ADC conversion, reference voltage is always less
than or equal to the supply voltage, i.e., Vcc

11 AVCC: Pin30, this pin is the supply voltage pin for using PORTA and the
ADC; AVCC pin must be connected to Vcc (microcontroller supply
voltage) to use PORTA and ADC.

Note: External reference voltage source can be used at AREF pin. However,

Atmegal6 also has internal reference voltage options of 2.56V and Vref = Vcc.

The figure below shows the pin configuration for ADC system of Atmegal6

microcontroller.

8 ADC
Channels

AREF AREF: ADC Reference Voltage

NOANNOANNN

"n:aw.ﬂnuhlﬁ‘dﬂ

AVCC: Supply Voltage Pin for
PORTA and ADC

ATMEGA 16
JUOUOCUUUUuy

AL

Figure2.8 :Pin numbers of ADC in ATmegal6 AVR microcontroller
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2.5.1.1 ADC Registers:
To use the ADC peripheral of Atmegal6, certain registers need to be configured.

i.  ADMUX (ADC Multiplexer And Selection Register)

Bit7 Bit6 BitsS gita Bit 3 Bit 2 Bit 1 BitO
REFS1 REFSO ADLAR MUX4 MUX3 MuUX2 MUX1 MUXO0
0 0 0 0 0 0 0 0
oy .
Refrence Sel. Bits ADC Channel Sel. Bits
00 -> AREF, Internal Vaes OFF 0000 -> ADCO 0100 -> ADCA
01 -> Vier is equal to Vayee 0001 -> 0101 ->
10 -> Reserved 0010 -> ADC2 0110 -> Al
0011 > A 0111 > AD(

11 -> Ve = 2.56V (Internal Ref V)

Figure 2.9: Bit Values of ADC Multiplexer And Selection Register to configure
ADC Peripheral in AVR

REFS[0:1] bits determine the source of reference voltage whether it is internal
or the external voltage source connected to AREF pin. MUX][4:0] bits are used to
select between the channels which will provide data to ADC for conversion.
ADLAR bit when set to 1 gives the left adjusted result in data registers ADCH
and ADCL.

ii.  ADCSRA (ADC Control and Status Register)

Bit 7 Bit 6 Bit S Bit 4 Bit 3 8it 2 Bit 1 Bit O

ADEMN ADSC ADATE ADIF ADIE ADPS2 ADPSL ADPSOD
(o] o o o o o o o
\ A
v
ADC Prescaler Sel. Bits
000 > 2 100 == 16
o001 -> 2 101 -> 32
010 > 4 110 -> &4
011 =8 11} = 128

21



Figure 2.10: Bit Configuration of ADC Control and Status Register in AVR

micro-controller
ADEN: ADC Enable bit, this bit must be set to 1 for turning ADC on.

ADSC: ADC Start Conversion bit, this bit is set to 1 to start ADC conversion, as

soon as conversion is completed this bit is set back to 0 by the hardware.

ADATE: ADC Auto Trigger Enable, this bit is set to 1 to enable auto triggering

of ADC conversion.

ADIF: ADC Interrupt Flag, this bit is set to 1 when ADC conversion gets

complete.

ADIE: ADC Interrupt Enable, this bit is set to 1 if we want to activate the ADC

conversion complete interrupt.

ADPS[0:2]: ADC Prescaler bits, these bits are used to set the ADC clock
frequency, the configuration of these bits determine the division factor by which
the microcontroller clock frequency is divided to get the ADC clock frequency.

The figure above shows the prescaler bit values for respective division factor.

HKTAL Freguency
ADC Clock Freguency ——

Prescaler

Example: XTAL Freg = 12 MWMiHz
Prescaler = 32
ADC Clock Freg. = 12000000 /f 32

= 3IT5 KH=z

Fig. 2.11 Equation of ADC Clock Frequency

The ADC clock frequency must lie somewhere between 50 KHz to 200 KHz.
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iii. ADCH & ADCL (ADC Data Registers)

When the ADC conversion is complete the data is stored in these two
registers. The data configuration depends on the ADLAR bit value of ADMUX
register. If ADLAR=0, data is right adjusted and if ADLAR=1, data is left
adjusted. Always read ADCL first and then ADCH. In cases where the 8-bit
precision is enough set the ADLAR bit to 1 to left adjust the data and read only
the ADCH data register.

When ADLAR =0
ADCH - - - - - - ADCH ADCE

ADCL ADC? ADCH ADCS ADCYH ADC3 ADC2 ADC1 ADCO

Figure 2.12 Bit Configuration of ADC Data Register at ADLAR=0 in
ATmegal6 AVR microcontroller

When ADLAR =1,

ADCH ADCY ADCE ADC7? ADCE ADCS ADC4 ADC3 ADC2
ADCL ADC1 ADCO - - . . : 5

Figure2.13Bit Configuration of ADC Data Register at ADLAR=1 in ATmegal6

AVR microcontroller
2.5BLDC Generator:

Brushless DC motors are usually motors that have permanent magnet
rotors. It would be extremely unusual to find any other type of motor described

as a brushless DC motor. All such motors can be used as generators, but some
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designs are easier to use as generators than others. A major example of a difficult
motor is a BLDC fan motor found in a computer. Those have electronic circuitry
built into them that must be removed or disconnected in order to use the motor as
a generator. You might find some other design described as a BLDC motor that
would be difficult to use as a generator, but most of them only require the shaft

to be turned to produce AC at the terminals and a rectifier added if you want DC.
2.5.1Induced EMF of the BLDC Generator :

In order to control electrical output power of a BLDC generator, it is
essential to understand the characteristics of the induced EMF generated in the

BLDC generator.

Fig(2.15) shows the flux linkage and induced EMF of a single turn coil by

the position variation. The flux linkage of a single turn coil is derived as:
As= (mrl) BfO/(n/ 2)) (-n/2 <0<m/2) (2.1)

Where, [, B; and 0 are rotor length, flux density of the permanent magnet,
and rotor position, respectively. According to Faraday’s law, the induced EMF
is the result of the flux crossing the airgap in a radial direction and cutting the
coils of the stator at a rate proportional to the rotor speed:

_d/ls_ dls ao _ nriBfor
at  do dt T/,

=2Bf lror (2.2)

The magnitude of the total induced EMF with N-turn concentric windings

1s derived as:
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E =2N §B rlro, (2.3) Where, N g is the number

of turns in a phase winding.

),
;
iy

I
\/

Figure2.15 Induced EMF waveform of a single turn coil.

The induced EMF waveforms of three-phase stator windings are shown in
Fig(2.16) The sum of EMF that is induced in a N-turn coil generates a
trapezoidal waveform with a 60° electrical angle slope region created by stator
winding configuration. Each phase is shifted by 120° electrical angles. The
distortion of the phase EMF due to many reasons, including manufacturing
imperfections (machine geometry, winding, unevenness of the surface of the

permanent magnet), leakage flux, and local saturation is neglected.

Therefore, the induced EMF waveform is ideally trapezoidal.
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Figure2.16 Induced EMF waveforms of three-phase stator windings.

2.5.2Simplified Model of the BLDC Generator :

Figure2.17 Equivalent circuit of the BLDC generator.

Fig(2.17) shows the equivalent circuit of the BLDC generator. The

analysis is based on the following assumptions for simplification:

« The generator is operated within the rated condition, so the generator is not

saturated.
« Stator resistances and inductances of all the windings are equal.

« All three phases have an identical induced EMF shape.
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« Power semiconductor devices in the converter are ideal.
« Iron losses are negligible.
Phase voltage equations of the BLDC generator can be expressed as:
ean= Raia+ %(Laa(@,ia)-icﬁr Lab(0,ib)-ib+ Lac (0,ic)-ic)+ van e,,=
Ryiy” S (La(Osda)- it Lin(0,73) i+ L0010+ Vi (24)
ecn= Rcic+ %(Lca(@,ia)-ia+ Lcb(0,ib)-ib+ Lee(0,ic)-ic)+ ven
Based on the assumptions:
R.=R~=R~=R
Laa= Lbb= Lcc= Ls
Lyi= Lap= Leo= Lae= Lpe= L= Liy (2.5)

Li—L,=L

i, T+ =0

Equation (2.4) can be represented as:
: d : d
ean= Ria+ (Ls — Lm) —Fvan= Ria+ L — T van

en= Riy + (Ly— Ly) S+ v= Riy+ L2 v, (2.6)

. L di . di
ecn= Ric+ (Ls— Lm) —+ ven= Rict+ L —+ ven
dtc dtc
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ew= Righ L=+ v, Q2.7)

Where, e, Vi ir, R, L, L and L,, represent each phase EMF, each phase-
toneutral voltage, each phase current, phase resistance, inductance, self-
inductance, and mutual inductance, respectively. EMF calculation can be
accomplished by sensing each phase current (i) and voltage (v,,). And motion

equation can be represented as:

d d
Tmover= Tgenerator+ Bor+ J O S—or = J1 (Tmover—Tgenerator— Bor)

(2.8)

Where, B and J represent viscous friction and inertia.
2.5.2Conventional Rectification Methods For The BLDC Generator:

The characteristics of the BLDC generator were described. From the
induced EMF waveform, it is evident that the BLDC generator is a nonsinusoidal
AC (Alternating Current) power supply system. PM generators such as BLDC
generators are used for small rated power supply systems because of PM, and the
electrical output power is charged in the battery as a DC voltage source.
Therefore, using an AC-to-DC converter between the BLDC generator and
charging equipment is essential. In this chapter, conventional rectification

methods for AC-to-DC conversion are described.
2.5.2.1 Conventional Rectification of the Power Supply System :

Full-bridge diode rectifier
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In most power electronics applications, a simple full-bridge diode rectifier

is used for the AC-to-DC conversion. Its advantages are:

« Simple construction: A full-bridge diode rectifier has six diodes in one

package.
No additional hardware is required.

« No control: The diode is a passive element in the power electronics. There

1s no control to conduct circuits.
« Low cost

However, it has also disadvantages:

« The phase voltage and current is not in phase.

« Current waveform cannot be controlled as ideal waveform, and diode

rectifiers draw highly distorted current from the AC side.
« Power per ampere is low because of the uncontrolled current.

Fig(2.19) shows the equivalent circuit of the BLDC generator with a diode
rectifier. As it can be seen, there is no switch to control the phase current. And
rectified electrical power is charged to the battery as a DC voltage source.
Fig(2.20) shows each phase induced EMF and current waveform of the diode

rectifier.

29



%

Figure 2.19 Phase EMF and current waveform of the full-bridge diode rectifier.

2.6Brushless dc motor

2.6.1 Introduction:

Electrical equipment often has at least one motor used to rotate or displace an
object from its initial position. There are a variety of motor types available in the
market, including induction motors, servomotors, DC motors (brushed and
brushless), etc. Depending upon the applicationrequirements a particular motor

can be selected. However a current trend is that most new designs are moving
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towards Brushless DC motors, popularly known as BLDC motors.This article

will concentrate on the following aspects of BLDC motor design:
« Construction of the BLDC motor
« Operation of the BLDC motor
« Torque and Efficiency requirements
« Comparison with Induction and Brushed DC motors
« Selection criteria for a BLDC motor

« Motor control — Speed, Position and Torque, to be covered in Part II of this

article.

2.6.2 Construction :

BLDC motors have many similarities to AC induction motors and brushed
DC motors in terms of construction and working principles respectively. Like all

other motors, BLDC motors also have a rotor and a stator.
1-Stator:

Similar to an Induction AC motor, the BLDC motor stator is made out of
laminated steel stacked up to carry the windings. Windings in a stator can be
arranged in two patterns; i.e. a star pattern (Y) or delta pattern (A). The major
difference between the two patterns is that the Y pattern gives high torque at low
RPM and the A pattern gives low torque at low RPM. This is because in the A
configuration, half of the voltage is applied across the winding that is not driven,

thus increasing losses and, in turn, efficiency and torque.
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Figure2.20: Steel laminations stator

Steel laminations in the stator can be slotted or slotless as shown in Fig
(2.20)aslotless core has lower inductance, thus it can run at very high speeds.
Because of the absence of teeth in the lamination stack, requirements for the
cogging torque also go down, thus making them an ideal fit for low speeds too
(when permanent magnets on rotor and tooth on the stator align with each other
then, because of the interaction between the two, an undesirable cogging torque
develops and causes ripples in speed). The main disadvantage of a slotless core

is higher cost because it requires more winding to compensate for the larger air

gap.
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Laminatons

Permanent Magnets
(Rotor)

Lamination shoes

Slotted Motor Slotless Motor

Figure2. 21: slotted and slotless stator

Proper selection of the laminated steel and windings for the construction of
stator are crucial to motor performance. An improper selection may lead to
multiple problems during production, resulting in market delays and increased

design costs.

2-Rotor :

The rotor of a typical BLDC motor is made out of permanent magnets.
Depending upon the application requirements, the number of poles in the rotor
may vary. Increasing the number of poles does give better torque but at the cost

of reducing the maximum possible speed.
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Figure2.22: permanent magnets rotor

Another rotor parameter that impacts the maximum torque is the material
used for the construction of permanent magnet; the higher the flux density of the

material, the higher the torque.
2.6.3 Working Principles and Operation :

The underlying principles for the working of a BLDC motor are the same as
for a brushed DC motor; 1.e., internal shaft position feedback. In case of a
brushed DC motor, feedback is implemented using a mechanical commutator
and brushes. With a in BLDC motor, it is achieved using multiple feedback

sensors. The most commonly used sensors are hall sensors and optical encoders.

Note:Hall sensors work on the hall-effect principle that when a current-carrying
conductor is exposed to the magnetic field, charge carriers experience a force

based on the voltage developed across the two sides of the conductor.
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If the direction of the magnetic field is reversed, the voltage developed will
reverse as well. For Hall effect sensors used in BLDC motors, whenever rotor
magnetic poles (N or S) pass near the hall sensor, they generate a HIGH or LOW

level signal, which can be used to determine the position of the shatft.

In a commutation system — one that is based on the position of the motor
identified using feedback sensors — two of the three electrical windings are

energized at a time as shown in figure (2.23).

In figure (2.23) (A), the GREEN winding labeled “001” is energized as the
NORTH pole and the BLUE winding labeled as “010” is energized as the
SOUTH pole. Because of this excitation, the SOUTH pole of the rotor aligns
with the GREEN winding and the NORTH pole aligns with the RED winding
labeled “100”. In order to move the rotor, the “RED” and “BLUE” windings are
energized in the direction shown in figure (2.23) (B). This causes the RED
winding to become the NORTH pole and the BLUE winding to become the
SOUTH pole. This shifting of the magnetic field in the stator produces torque
because of the development of repulsion (Red winding — NORTH-NORTH
alignment) and attraction forces (BLUE winding — NORTH-SOUTH alignment),

which moves the rotor in the clockwise direction.
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Figure 4(E): Phase 5 Figure 4(F): Phase 6

Figure 2.23: operation of BLDC motor
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CHAPTER THREE



Main Circuit Design And Program

3.1 System Components:

Selection of appropriate material for a mechanical part is an essential element
of all engineering projects.The main mechanical parts of the system are the base

support .
3.1.1 BLDC motor

show the (Figure3.1)BLDC motor we used for this project and it specification
are rated voltage =60v, output power=500w, torque=50-200n.m, speed=450-500
R.P.M, continuous current=10A-83A, efficiency=93%, rated speed=40km/h.

YMMOTOR

Figure3.1: BLDC motor
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3.1.2 THE CAPACITOR

show capacitor (1000uf,100v)

Figure 3.2: capacitor
3.1.3 The Rectifier:

show three phase full wave — bridge rectifier.
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Figure 3.3: Rectifier

3.1.4 Voltage Sensor:

Voltage Detection Sensor Module 25V module is based on the principle of
resistive voltage divider design, it can make the red terminal connector input
voltage to 5 times smaller microcontroller analog input voltages up to 5 v. The
voltage detection module input voltage not greater than 5Vx5=25V (if using

3.3V systems, input voltage not greater than 3.3Vx5=16.5V).

Figure 3.4: Voltage Sensor

3.1.5 Relay module:

This 1 channel 5V 10A relay control board module with optocoupler modules
1s compliant with international safety standards, control and load areas isolation
trenches it has a single relay a genuine. The power supply and relay instructions,
lit, a disconnect are off. The input signal common Terminal and start conducting.
It can be use as a single chip module for appliance control and work with both

DC or AC signals where you can control the 220V AC load.
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Figure 3.5: Relay module
3.2Circuit description:

Connect the circuit as shown in the circuit diagram(Figure3.6), connected in
between AVce (pin 30) ,Aref (pin 32) and Reset (pin 9). AVce (pin 30) is
connected to external supply +5V , and connected in between (pin 31)and
(pinl1) connected to ground , it has also been connected port A (ADC) in a (pin
40) to battery of the first group and connected (pin 39) to battery of the second
group ,it has also been connected port B in a (pin 1) to relay module 1 and

connected (pin 2) to relay module 2.
3.3 Software Type

The voltage sensor sense the charge of the batteries groups and send analog
signal to the microcontroller in port A (ADC) when the percentage of the charge
of one group that is discharging arrive to 10% the microcontroller send a signal

to the relays the change their contacts as show in figure (3.6) .

CodevisionAVR used to programming the microcontroller (AT mega 16) and

proteus professional used in simulation.
3.4 System Implementation

Figure (3.7) show circuit components and how it connected. The generator
will generate (ac) current. This current goes to the rectifier which will change in
shape of wave and make the current DC current. The DC current go through
capacitor which make the wave of the current smoothie. Let us assume it

connected to relay 1 that who will choice which group of battery will charge.
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Relay 2 will take the current from other group to supply the motor When the

percentage of charge for the group of battery that connected to the motor arrive

to 10% The both relays will change their contacts in the same time and in this

case relay 1 will be connected to the group 2 of batteries and relay 2 will be

connected to group 1 two of batteries.
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Figure 3.6: proteus simulation
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Figure 3.7: circuit connection
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CHAPTER FOUR



Explanation And Results

4.1 Introduction:

In this chapter we will explain and discussed the related results as a
result of the improvement of charging the other set of batteries and the
results of control circuit used to control the switch between them and

the primary group .

4.2 Results of battery charging:

Distance (km) Group 1 voltage (v) Group 2 voltage (v)
0 66 54.1
1 65.2 55.6
2 64.7 56.3
3 63.9 57.2
4 62.4 57.9
5 61.2 58.5
6 59.5 59.3
7 58.3 60
8 57.5 60.9
9 56.2 61.4
10 % 61.7




Table 4.1: The relation between charging group and discharging group to

distance:
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Figure4.1: The relation between charging group and discharging group to

distance.

When the electric scooter is moving group 1 of battary is discharging
and group 2 is charging. when it is charging percentage of group 1 arrive
to (11%) group 2 charge level arrive to (64%) This means we will earn at
each charging and discharging cycle what equals (64%) of the charged battery in

the discharge mode .

4.3 System Experimental Results:
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The one battery charge have been measured and it value at 11%

approximately equal (12.4v). The voltage sensor divides this value over 5 then

change it to hexadecimal this value equal (1F).

Figure 4.2: control system circuit

The microcontroller performs a process of switching between the entrances
and exits of the batteries , which is charging current coming from the source
(electricity + generator ) when charging and choosing which of the two sets is

unloaded in the engine .
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CHAPTER FIVE



CONCLUSION AND RECOMMENDATION

5.1 Conclusion

E-bikes are particularly terrible for long distance riding, since with current
battery technology they tend to only 15-40 km on single charge and take hours to
recharge, bikes often needs to move more than 15-40 km, to fix this problem we
use self-generation , extra battery, microcontroller, voltage sensor to read battery
charge value, and relays to specifies the battery to be charged from generator and
the battery that feeds the motor and we use microcontroller to programming the
process, some techniques, relays and controller have been applied to fulfill the
requirements to fix the problem of bikes , this way is one of many technique that

is used to achieve this goal.

The control Architecture that is used is a microcontroller as method to
program the avoidance obstacle bike. Now the bike can travel very long distance
without stopping and wasting time to charging battery by switching between the
two battery groups .

5.2 Recommendation

1.Use a Contactor to control it through the relay for smooth batteries switching.
2. Use larger capacity batteries.

3. Using high voltage and high current components

4. Reduce overall weight.

5.Can add solar panels as a second source.
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APPENDIX A

LR L L R R S R S R R S S S S TR R R R R R R R R S S R S R S

This program was created by the CodeWizardAVR V3.32a

Automatic Program Generator

© Copyright 1998-2017 PavelHaiduc, HP InfoTech s.r.l.

http://www.hpinfotech.com

Project :

Version :

Date : 8/28/2018

Author :

Company :
Comments:
Chip type : ATmegal6
Program type : Application

AVR Core Clock frequency: 1.000000 MHz

Memory model : Small

External RAM size : 0

Data Stack size : 256

*******************************************************/
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#include <megal6.h>
#include <delay.h>
// Declare your global variables here
#define FIRST_ADC_INPUT 0
#define LAST _ADC_INPUT 1
unsigned char adc_data|[LAST _ADC_INPUT-FIRST_ADC_INPUT+1];
/I Voltage Reference: AREF pin
#define ADC_VREF_TYPE ((0<<REFS1) | (0<<REFS0) | (1<<ADLAR))
/Il ADC interrupt service routine
// with auto input scanning

interrupt [ADC _INT] void adc_isr(void)

static unsigned char input_index=0;
// Read the 8 most significant bits
// of the AD conversion result
adc_data[input_index]=ADCH;
/l Select next ADC input
if (++input_index> (LAST_ADC_INPUT-FIRST_ADC_INPUT))

input_index=0;
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ADMUX=(FIRST_ADC_INPUT | ADC_VREF_TYPE)+input_index;

// Delay needed for the stabilization of the ADC input voltage

delay us(10);

// Start the AD conversion

ADCSRA|=(1<<ADSC);

void main(void)

// Declare your local variables here

// Input/Output Ports initialization

// Port A initialization

// Function: Bit7=In Bit6=In Bit5=In Bit4=In Bit3=In Bit2=In Bit1=In Bit0=In

DDRA=(0<<DDA7) | (0<<DDA6) | (0<<DDAS) | (0<<DDA4) | (0<<DDA3) | (0<<DDA2) |
(0<<DDAL1) | (0<<DDAO);

/I State: Bit7=T Bit6=T Bit5=T Bit4=T Bit3=T Bit2=T Bit1=P Bit0=P

PORTA=(0<<PORTA7) | (0<<PORTAG) | (0<<PORTAS) | (0<<PORTA4) | (0<<PORTA3) |
(0<<PORTA?2) | (1<<PORTAL1) | (1<<PORTAO0);

// Port B initialization

/I Function: Bit7=In Bit6=In Bit5=In Bit4=In Bit3=In Bit2=In Bit1=In Bit0=In

DDRB=(0<<DDB7) | (0<<DDB6) | (0<<DDB5) | (0<<DDB4) | (0<<DDB3) | (0<<DDB2) |
(0<<DDB1) | (0<<DDB0);

// State: Bit7=T Bit6=T BitS=T Bit4=T Bit3=T Bit2=T Bit1=T Bit0=T
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PORTB=(0<<PORTB?7) | (0<<PORTB6) | (0<<PORTBS) | (0<<PORTB4) | (0<<PORTBS3) |
(0<<PORTB2) | (0<<PORTB1) | (0<<PORTB0);

// Port C initialization

// Function: Bit7=0ut Bit6=0Out Bit5=0ut Bit4=0ut Bit3=0ut Bit2=In Bit1=Out Bit0=0Out

DDRC=(1<<DDC7) | (1<<DDC6) | (1<<DDC5) | (1<<DDC4) | (1<<DDC3) | (0<<DDC2) |
(1<<DDC1) | (1<<DDC0);

// State: Bit7=0 Bit6=0 Bit5=0 Bit4=0 Bit3=0 Bit2=T Bit1=0 Bit0=0

PORTC=(0<<PORTC?7) | (0<<PORTC6) | (0<<PORTCS) | (0<<PORTC4) | (0<<PORTC3) |
(0<<PORTC2) | (0<<PORTC1) | (0<<PORTCO0);

// Port D initialization

// Function: Bit7=In Bit6=In Bit5=In Bit4=In Bit3=In Bit2=In Bit1=Out Bit0=Out

DDRD=(0<<DDD7) | (0<<DDD6) | (0<<DDD5) | (0<<DDD4) | (0<<DDD3) | (0<<DDD2) |
(1<<DDD1) | (1<<DDDO0);

// State: Bit7=T Bit6=T Bit5=T Bit4=T Bit3=T Bit2=T Bit1=0 Bit0=0

PORTD=(0<<PORTD7) | (0<<PORTDG) | (0<<PORTDS) | (0<<PORTD4) | (0<<PORTD3) |
(0<<PORTD2) | (0<<PORTD1) | (0<<PORTDO);

// Timer/Counter 0 initialization

/I Clock source: System Clock

/I Clock value: Timer 0 Stopped

// Mode: Normal top=0xFF

/1 OCO output: Disconnected

TCCRO=(0<<WGMO00) | (0<<COMO01) | (0<<COMO00) | (0<<WGMO1) | (0<<CS02) | (0<<CS01)
| (0<<CS00);
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TCNT0=0x00;

OCRO0=0x00;

// Timer/Counter 1 initialization

/I Clock source: System Clock

/I Clock value: Timer1 Stopped

/l Mode: Normal top=0xFFFF

/I OC1A output: Disconnected

/I OC1B output: Disconnected

/I Noise Canceler: Off

// Input Capture on Falling Edge

/I Timer1 Overflow Interrupt: Off
// Input Capture Interrupt: Off

/l Compare A Match Interrupt: Off
/l Compare B Match Interrupt: Off

TCCRIA=(0<<COMI1AL1) | (0<<COM1A0) | (0<<COM1B1) | (0<<COMI1B0) | (0<<WGM11) |
(0<<WGM10);

TCCR1B=(0<<ICNC1) | (0<<ICES1) | (0<<WGM13) | (0<<WGM12) | (0<<CS12) | (0<<CS11) |
(0<<CS10);

TCNT1H=0x00;
TCNT1L=0x00;

ICR1H=0x00;
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ICR1L=0x00;

OCR1AH=0x00;
OCRI1AL=0x00;
OCR1BH=0x00;

OCRI1BL=0x00;

// Timer/Counter 2 initialization
/I Clock source: System Clock

/I Clock value: Timer2 Stopped
/l Mode: Normal top=0xFF

// OC2 output: Disconnected
ASSR=0<<AS2;

TCCR2=(0<<PWM2) | (0<<COM21) | (0<<COM20) | (0<<CTC2) | (0<<CS22) | (0<<CS21) |
(0<<CS20);

TCNT2=0x00;
OCR2=0x00;
/I Timer(s)/Counter(s) Interrupt(s) initialization

TIMSK=(0<<OCIE2) | (0<<TOIE2) | (0<<TICIEl) | (0<<OCIE1A) | (0<<OCIE1B) |
(0<<TOIE1) | (0<<OCIE0) | (0<<TOIE0);

/I External Interrupt(s) initialization

/[ INTO: Off

56



/I INT1: Off

/I INT2: Off

MCUCR=(0<<ISC11) | (0<<ISC10) | (0<<ISCO01) | (0<<ISC00);

MCUCSR=(0<<ISC2);

// USART initialization

/I USART disabled

UCSRB=(0<<RXCIE) | (0<<TXCIE) | (0<<UDRIE) | (0<<RXEN) | (0<<TXEN) | (0<<UCSZ2) |
(0<<RXBS) | (0<<TXBS);

/l Analog Comparator initialization

/I Analog Comparator: Off

/I The Analog Comparator's positive input is

/I connected to the AINO pin

/' The Analog Comparator's negative input is

// connected to the AIN1 pin

ACSR=(1<<ACD) | (0<<ACBG) | (0<<ACO) | (0<<ACI) | (0<<ACIE) | (0<<ACIC) |
(0<<ACIS1) | (0<<ACIS0);

// ADC initialization

/I ADC Clock frequency: 500.000 kHz

/I ADC Voltage Reference: AREF pin

/I ADC Auto Trigger Source: ADC Stopped

// Only the 8 most significant bits of

57



// the AD conversion result are used

ADMUX=FIRST_ADC_INPUT | ADC_VREF_TYPE;

ADCSRA=(1<<ADEN) | (1<<ADSC) | (0<<ADATE) | (0<<ADIF) | (1<<ADIE) | (0<<ADPS2) |
(0<<ADPS1) | (1<<ADPS0);

SFIOR=(0<<ADTS2) | (0<<ADTS1) | (0<<ADTS0);

// SPI initialization

// SPI disabled

SPCR=(0<<SPIE) | (0<<SPE) | (0<<DORD) | (0<<MSTR) | (0<<CPOL) | (0<<CPHA) |
(0<<SPR1) | (0<<SPRO);

// TWI initialization

// TWI disabled

TWCR=(0<<TWEA) | (0<<TWSTA) | (0<<TWSTO) | (0<<TWEN) | (0<<TWIE);

/I Globally enable interrupts

#asm(''sei")

while (1)

// Place your code here

PORTC=0x00;

delay _ms(1000);

do
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PORTB=0X01;

ADMUX=0x00;

ADCSRA=0XC3;

while(ADCSRA &(1<<ADSCQC));

PORTC=ADCL;

PORTD=ADCH;

} while(PORTC > 0X1F);

if PORTC <= 0X1f) PORTB=0X02;

PORTC=0x00;

delay _ms(1000);

PORTC= 0xFF;

delay _ms(1000);

PORTC=0x00;

delay_ms(1000);

do

ADMUX=0x01;

ADCSRA=0XC3;

while(ADCSRA &(1<<ADSC));

PORTC=ADCL;
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PORTD=ADCH;

twhile (PORTC > 0X1F);

if PORTC<=0X1f) PORTB=0X01;

3}
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APPENDIXB

Features

* High-performance, Low-power AVR® 8-bit Microcontrolier
» Advanced RISC Architecture

— 121 Powerlul Instructions — Mast Single-clock Cycle Execution

— 32 x B General Purpose Working Registers

— Fully Static Operation =
G

— Up to 16 MIPS Throughput at 16 MHz
— On-chip 2-cycle Multiplier
* Monvolatile Program and Data Memories
— 16K Bytes of In-System Self-Programmable Flash

Endurance: 10,000 Wrile/Erase Cycles 8-bit AVR ]
— Optional Boot Code Section with Independent Lock Bits
In-5ystem Programming by On-chip Boot Program i
True Read-While-Write Operation M Icroco ntl’ﬂ' Ier
— 512 Bytes EEPROM 1
Endurance: 100,000 Write/Erase Cycles w“h 1 GK Bytes
— 1K Byte Internal SRAM
— Programming Lock for Software Security In'SYStem
= JTAG (IEEE sid. 1149.1 Compliant) Interface
— Boundary-scan Capabilities According to the JTAG Standard PI'OQ I'am mab‘le

— Extensive On-chip Debug Support

- Programming of Flash, EEPROM, Fuses, and Lock Bits through the JTAG Intertace | Flash
* Peripheral Features

— Two B-bit Timar/Counters with Separate Prescalers and Compare Modes

— One 16-bil Timer/Counter with Separate Prescaler, Compare Mode, and Caplure

Mode ATmegal6

— Real Time Counter with Separate Oscillator
- Four PWM Channels ATmega‘tﬁL
— B-channel, 10-bit ADC
8 Single-ended Channels
7 Ditferential Channels in TQFP Package Only
2 Differential Channels with Programmable Gain at 1x, 10x, or 200x H %
— Byle-oriented Two-wire Serial interface PTEI 1 m Inarv
— Programmable Serial USART
— Master/Slave SP| Serial Interface
— Programmable Watchdog Timer with Separate On-chip Dscillator
— On-chip Analeg Comparator Su mmafy
Special Microcontroller Features
— Power-on Reset and Programmable Brown-out Detection
— Internal Calibrated RC Oscillatar
— External and Internal Interrupt Sources
— Six Sleep Modes: Idle, ADC NHoise Reduclion, Power-save, Power-down, Standby
and Extended Standby
I'0 and Packages
— 32 Programmable 'O Lines
— 40-pin PDIF, 44-lead TQFP, and 44-pad MLF
Operating Voltages
- 2.7 - 5.5V for ATmegal6L
— 4.5 - 5.5V for ATmegal6
Speed Grades
— 0 -8 MHz for ATmegalBL
— 0-16 MHz for ATmegalé
Power Consumption @ 1 MHz, 3V, and 25°C for ATmegaiél
— Active: 1.1 mA
- Idle Mode: 0.35 mA
— Power-down Mode: =1 pA

Fev. 2468FS-AVR-02/03

Note: This s & summary document. A complete document ks
‘ ! evaleble on ourweb site of wew.simalcom.

1
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Pin Configurations

AIMEL

Figure 1. Pinouts ATmegalg

]
{XCKITD) PBO O 1 40 [ PAO (ADCO)
T PE1 4 2 38 [ PAl (ADCT)
(INTZIAING} PB2 4 3 1B O PAZ (ADCZ)
[OCHVAIMTY PRI O 4 AT O PA3 aDC3)
(55 PB4 1 & 36 [ PA4 (ADCA)
(MOS() PBS O & 35 O PAS (ADCS)
(MO} PBE ] T 34 [ PAE (ADCE)
{SCK) PBY ] & 33 [0 PAT (ADCT)
RESET ] 8 32 [ AREF
Vet O 10 31 [0 GND
GMND O 11 30 0 AVCC
KTALZ ] 12 29 [ PET (TOSC2)
XTALT ] 13 28 O PCs (TOSCT)
{RXD) PDO ] 14 27 O PGS (TOH)
(TXD) PO1 [ 15 26 O PCA (TODO)
(INTD) PD2 O 16 25 [ PC3 (TMS)
(INT1) PD3 ] 17 24 O PC2 (TCK)
(DCTR) PDS [ 18 23 O PCY (5DA)
(DC1A) PDS O 18 22 [ PCO (5CL)
(ICF) PD6 ] 20 21 O PO7 (002}
TGFPMLF
£ E =
~=8_ % 85U
B22Ex 2233
ooy e 2 - o
EEEEgsogzdd
nonononoonnn
® 14,42, 14039333?353534
(MOS) PBS O 1 3% [ PA4 (ADCA)
(MISO) PBE O 2 32 [ PAS (ADCS)
{SCK) PBT ] 3 31 [0 PAGE (ADCE)
RESET [ & 30 [ PAT (ADCT)
VCC O 5 29 [ AREF
GHO [ & 28 [ GND
XTAL2 [ 7 27 [ AvVCC
XTALY O & 26 [ PCT (TOSC2)
(R¥D) PDO O 9 25 O PCE {TOSCH)
(TXD)y PD1 ] 10 24 [ PC5 (TOI}
(INT®y FDZ O 11 23 [ PC4 (TOD)
i21 gt g ?‘319202122
guuuooooooa
S2585888008
afofidinisedsdd
= oY «f 0 4 o
23328  8aee
Disclaimer Typical values contained in this data sheet are based on simulations and characteriza-
tion of other AVR microcontroflers manufactured on the same process technology. Min
and Max values will be available after the device is characterized.
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ATmegail6(L)

Overview The ATmeagal6 i a low-power CMOS B-bit microcontroller based on the AVA enhanced
RISC architecture. By executing powerful instructions in a single clock cycle, the
ATmegal16 achieves throughputs approaching 1 MIPS per MHz allowing the system
dasigner to optimize power consumMpion Versus processing speed.

Block Diagram Figure 2. Biock Diagram
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‘ POATE MIGITAL INTERFAZE ‘ | FORTE DAL [HTERFAGE |
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Pin Descriptions
vce
GND

Port A (PAT..PAD)

AIMEL

The AVA core combines a rich instruction set with 32 general purpose working registers.
All the 32 registers are directly connected to the Arithmetic Logic Unit (ALU), allowing
two independent registers to be accessed in one single instruction executed in one clock
cycle. The resulting architecture is more code efficient while achieving throughputs up to
ten timas faster than conventional CISC microcontrollers.

The ATmegalé provides the following features: 16K bytes of In-System Frogrammable
Flash Program memory with Read-While-Write capabilities, 512 bytes EEPROM. 1K
byte SRAM, 32 general purpose I/O lines, 32 general purpose working registers, a
JTAG interface for Boundary-scan, On-chip Debugging support and programming, three
flexible Timer/Counters with compare modes, Internal and External Interrupts, a serial
programmable USART, a byte oriented Two-wire Serial Interface, an &-channel, 10-bit
ADC with optional diffarential input stage with programmable gain [TQFP package only),
a programmable Watchdog Timer with Internal Oscillator, an 5P| serial port, and six
software selectable power saving modes. The ldle mode stops the CPU while allowing
the USART, Two-wire interface, A/D Converter, SRAM, Timer/Counters, SPI port, and
interrupt system to continue functioning. The Power-down mode saves the register con-
tents but freezes the Oscillator, disabling all other chip functions until the next External
Interrupt or Hardware Reset. In Power-save mode, the Asynchronous Timer continues
to run, allowing the user to maintain a timer base while the rest of the device is sleeping.
The ADC Moise Reduction mode stops the CPU and all 'O modules except Asynchro-
nous Timer and ADC, to minimize switching noise during ADC conversions. In Standby
mode, the crystaliresonator Oscillator is running while the rest of the device is sleeping.
This allows very fast start-up combined with low-power consumption. In Extended
Standby mode, both the main Oscillator and the Asynchronous Timer continue to run.

The device is manufactured using Atmel's high density nonvolatile memory technology.
The On-chip ISP Flash allows the program memaory to be reprogrammed in-systam
through an SPI serial interface, by a conventional nonwvolatile memary programmaer, or
by an On-chip Boot program running on the AVR core. The boot program can use any
interface to download the application program in the Application Flash memory. Soft-
ware in the Boot Flash section will continue to run while the Application Flash section is
updated. providing true Read-While-Write cperation. By combining an B-bit RISC CPU
with In-System Self-Programmable Flash on a monclithic chip, the Atmel ATmegal6 is
a powerful micrecontroller that provides a highly-flexible and cost-efiective solution to
many embedded control applications.

The ATmegalé AVE is supported with a full suite of program and system development
tools including: C compilers. macro assemblers, program debugger/simulators, In-Cir-
cuit Emulators, and evaluation Kits.

Digital supply voltage.
Ground.

Paort A serves as the analog inputs to the A/D Converter.

Port A also serves as an B-bit bi-directional !'C port, if the A’'D Converter is not used.
Part pins can provide internal pull-up resistors (selected for each bit). The Port A output
buffers have symmetrical drive characteristics with bath high sink and source capability.
When pins PADQ to PATY are used as inputs and are externally pulled low, they will source
current if the internal pull-up resisters are activated. The Port A pins are tri-stated when
a reset condition becomes active, even if the clock is not running.

4 ATmegal6(L) m———
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s A TMega16(L)

Port B (PET..PED)

Port C (PCT..PCD)

Port D (PD7..PDD)

RESET

XTAL1
XTAL2

AVCC

AREF

About Code
Examples

245BF5-AVR-02103

Part B iz an B-bit bi-directional IO port with internal pull-up resistors {selectad for each
bit). The Part B output buffers have symmetrical drive characteristics with bath high sink
and source capability. As inputs, Port B pins that are externally pulled low will source
currant if the pull-up resistors are activated. The Port B pins are tri-stated when a reset
condition becomes active, even if the clock is not running.

Port B also serves the functions of various special features of the ATmega18 as listed
an page 56.

Part C is an 8-bit bi-directional VO port with internal pull-up resistors {selected for each
bit). The Port C output buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port C pins that are externally pulled low will source
current if the pull-up resistors are activated. The Paort C pins are tri-stated when a reset
condition becomes active, even if the clock iz not running. If the JTAG interface is
enabled, the pull-up resistors on pins PCS(TDI), PC3(TMS) and PC2(TCK) will be acti-
vated even if a reset occurs.

Part C also serves the functions of the JTAG interface and other special features of the
ATmegal6 as listed on page 59.

Part D is an 8-bit bi-directional VO port with internal pull-up resistors {selected for each
bit). The Port D output buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port D pins that are externally pulled low will source
current if the pull-up resistors are activated. The Port D pins are tri-stated when a reset
condition becomas active, even if the clock is net running.

Part D also serves the functions of varicus special features of the ATmega16 as listed
an page 61.

Reset Input. A low level on this pin for longer than the minimum pulse length will gener-
ate a reset, even if the clock is not running. The minimum pulse length iz given in Table
15 on page 36. Shorter pulses are not guaranteed to generate a reset.

Input to the inverting Oscillator amplifier and input to the internal clock operating circuit.
Output from the inverting Oscillator amplifier.

AVCC is the supply voltage pin for Port A and the A/D Converter. It should be externally
connected to V., even if the ADC is not used. If the ADC is used, it should be con-

nected to Vo through a low-pass filter.

AREF is the analog reference pin for the A/'D Converter.

This documentation contains simple code examples that briefly show how to use various
parts of the device. These code examples assume that the part specific header file is
included before compilation. Be aware that not all C Compiler vendors include bit defini-

tions in the header files and interrupt handling in C is compiler dependent. Please
canfirm with the C Compiler documentation for more details.

AIMEL s

65



TR
Register Summary
Address Name BitY Bit 6 Bit 5 Bit 4 Bit3 Bit2 Bit1 Bito Page
$3F [55F) SAEG ] T H E] v ] Zz C 7
§3E §5E) SPH - - - - - SP10 ] ] 10
$30 [$50) EFL SPT S SFE £94 5F3 5Pz SF1 ] ]
530 8500 QCRD Timan'Couniend Outpul Cempans Regisiar Bz
£38 [§56) GICR T INTD | INTZ - - - IWEEL IVCE 4B, BB
$3A |554) GIFR INTF1 TFO INTFZ = = = = = &7
§39 |§55} TIMER =] TOIEZ TICIEA OCIETA OCIE R TOES OCIED TOIED 22, 113,131
§38 [§58} TIFR 0OCF2 TOVE IGF1 OCF 1A OCFE TOV OCFD TON 23, 114, 132
§37 |857] EFMCR EFMIE FWWEE = AWWERE ELESET PEWRT PGEERE SPMEN 250
§36 |§56) TWCR TWINT TWEA TWETA TWSTD TWWIC TWEN = TWE 179
$35 |§55} MCUCR SNz SE M1 WD 15C11 15C10 15C01 ESC00 a0, 65
534 |854} WICUCSH JTD 1502 - JTRF WORF BOAF EXTAF PORF 39, 55, 230
§33 1§53} TCCRD FOCO WEMDD COMD1 COMDD WEMD1 cs02 Cs0 CE00 B0
532 |552 TCNTO TimanCountend (8 Bis) B2
o e DECCAL Oiollzior Callbration Regisier 28
Sal - DCOR Cin-Chip Debug Regisiar 226
30 |§50} EFIOR AOTED ADTSH ADTSO - ACME PUD PSRZ PER0 £5 85, 133,200,220
2F [54F) TCCR1A COMIA1 COMIAD COMIE! COM1B0 FOC1A FOC1E WEM11 WEMID 108
52E |§4E TCCRIB = ICES1 = WEME WEM12 cE12 C511 CEID 111
520 |84 TCHTIH TimanCounier] = Counter Ragister High Byte 112
52C |5a0) TCHTIL TimanCounter - Counter Aagistor Low Byl 112
526 |548] OCA1AH TimanCounter = Jutput Compans Register & Hgh Byt 12
S2A |§44) DCR1AL TimerCaunier] = Quipui Compane Fagisier & Low Byie 1z
529 |549) OCR1BH Timaen'Counteri = Quipul Compane Ragisior B High Byie 112
§28 [§48) OCR1BL TimerCaunier = Juipui Compane Fagisier B Low Byie 112
527 |547) IGA1H TimanCountar] - Input Capturs Regisier High Byt 113
$26 |§46) ICRIL Timen'Couniar] - input Caphure Regsior Low Byl 113
525 [§45 TCRRZ FOC2 | wWGMZn | caMma | comzo waMzt | cszz | cam a0 126
524|544} TCNT2 TimanCeountar? (B Bis) 128
§33 [§43} [l Timen'Couniar2 Sutpul Compans: Peglster 128
522 543} ASSA - - - - as2 [ tcheve | ocreue TCR2UE 129
521 |841} WOTCR - - - WOT3E WOE | WoPZ WDP1 WOPD 41
S2I [BA0H" UBRRH URSEL = = = UBRA[11:8] 166
UCSRO URSEL UNESEL UFM1 UPND USES [ wcszn | woszo UGPOL 164
$1F [53F) EEARH = = = = = | = = EEARE 17
S1E [§3E) EEARL EEFROM Addrass Registar Low Ela 17
$10 (83 EEOR EEFROM Data Ragistar 17
S1C [53C) EECR = = = = EERE EEMWE EEWE EERE 17
£10 [$38} PORTA PORTAT PORTAR PORTAS POSTAL PORTAS FORATAZ PORATAY PORTAD ]
§14 |53A} DDRA ooaF DOHE DOAS Doad Dous DDAZ DoAl ooal £3
§19 |§304 FINA PINAT PINAE PINAG FINAY PINAZ FINAZ FRaq FINAD ]
§18 |§38} PORTE PORTET PORETHE PDARTES PORTEE PDRTEI PORTEZ PORATE PORTED B3
§17 1§37 DDRE DDBE7 DogE Ja]si=1 oog4 DOB3 oDEZ Doet DDED ]
§16 |836} FINE PINET PINBE PINES PINE4 PINB3Z FINEZ FIRE PINED E4
§15 [§35) POATE FORTCT PORTEE PORTCS PORTCY PORTCE PORTECZ FORTCA PORTCO Ed
§14 1834} ODRC DDC7 DocE oocs Doc4 0ocs ooc2 [ es] oooo B4
§13 (833} FING FINCT FINCE FINCE FRCS FINC3 PINCE PG FINGH Ed
§12 (532} FORTD FORTDT PCRTOE PORTDS PORTO4 PORTDE PORTOZ FORTDA FPORT D0 &4
§11 1831} OoR0 oooz? nnoe noos noo4 noos 0oo2 ]l Julaa] B4
510 |$30} FIND FINDT FINDE FINDE FRID4 FIND3 PINCE D PO &4
BOF [£2F) SPOR SF| Dt Rogsiar 140
§0E [$2E) SPSA SPIF [ wooe | - | - - | - | - SPI2K 140
500 1§30) SPCR SFE__ |  SPE_ | DORD | MsETR cPoL_ | cPHA | sPRl SFR0 138
S0C {$2C) uoR USART 110 Data Reglsier 1E4
£08 |§28} UCSRA RXC THC [ womre | FE DoR | PE | L MFCH 162
S0 1524} UCSAE BHCE TECE | UDRE | REEN TEN | ucszz | Rxes TxE8 163
08 [§29} WEARL USART Baud Raie Rogistor Low Byle 166
08 |$28} ACER ACD ACEG ACD ACI ACIE ACKC L=t ACISD 200
507 |527] ADNILIK REFS1 REFS0 ADLAR [ WL Mux2 MUX1 LD 2E
06 |$26} ADCERS ADEW ADEC ADATE ADIF ADIE ADPEZ ADPEA ADPE0 218
§05 |§25} ADCH ADC Data Ragister High Byt 219
504|524} ADCL ADC Data Rogister Low Byt 218
503 |523) TWDR Tweo-mim Sanial Intartace Data Rogistar 184
502 522} TWAR TWAE TWAS TWAS I TAd TWAZ TWA1 TWAD TWECE 184
6 ATmegal6(L) m—
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s A TmMega16(L)

Address Name Bit?¥ Bit & Bit5 Bit 4 Bit3 Bit2 Bit1 Bit 0O Page
501 [521) TWER TWET TWES TWES TiW'Ed TWES TWFS1 TWPS0 1810
TWER Two mirn Ganial Intertace Bt Fats Regiskr 178
Motes: 1. When the OCDEN Fuse is unprogrammed, the OSCCAL Register is always accessed on this address. Refer 1o the debug-
ger specilic documentation for datails an how to use the OCDR Registar.
2. Refer to the USART dascription for delails on how to access UBRRH and UCSRGC.
3. For compatibility with future devices, reserved bils should be wrilten ta zero it accessed. Reserved /0 memory addresses
should nevar be written.
4. Some of the stalus flags are cleared by writing a logical one o them. Note that the CBI and SBI insfruclions will aparate on

24EBFS-AVR-02103

all bits in the IO register, wriling a one back inlo any flag read as sei, thus clearing the flag. The GBI and SBI instructions
work with ragisters 500 to 51F only.
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Instruction Set Summary
Mnemonics | Operands | Description Operation Flags #Clocks
ARITHMETIC AMD LOGIC METRUCTIONS
L] R, Rr Add two Repghiers Rd+ Rd + Ar Z,CHVH 1
Aanc Ral. Rr Add with Camy ten Ragisions Rd+ RO+ RAr-C Z,C.HH 1
O Fid K Add Immacaie fo Word Rdh:Rdl +— RdhRd + K ZCHVE 2
suUB Rd, Rr Subiraci two Reglsions Rd+ Rd - Ar ZLCRVH 1
suBl Fd. K Eubiract Consiant iom Ragisier Rd+— Rd-HK ZCHYH 1
SBC R, Rr Subiraci wih Carry bwo Regisions Rd+ Rd:Rr- ZCHVH 1
EBCI Fidl, K. Subfract with Carry Constar from Feg. Rd+ Rd-K:CT Z,0,H00H 1
SBIW Fid K Subiraci immediaie from Waoed Rdh:Adl + RdhRd - K ZCHVE 2
ARD Fid, Rr Logical AND Regisiens Fd + Fd = Ar 2NN 1
ANDI Rl K Logical AND Regisiar and Constant Rd+~ RO#K ZNY 1
=1;3 Fid, Rr Logical OR Regisbars FRd + Rd v Rr ZHN 1
QR Rl K Logical OF Registar and Constant Rd + Rdv K Z NN 1
EDR R, Rr Eschsiia DR Registars Rd + Rd & RAr ZHN 1
caM Ra D s Rd + 3FF - Ra Z,CH 1
MEG Fd Tuwe's T L i Rd + 300 - Rd ZENVH 1
SBR Fiol K Sai Bitis} in Aogsher Rd+ RdwvK Z NN 1
CER T Clnar Bs) in Aogister Rd + Rd ® [8FF - K3 ZHN 1
NC R Incremani Rd+ Rd +1 ZHN 1
DEC Fid 2] Rd+ Rd -1 2NN 1
T5T Ral Tas! lor Zam or Mins Fd+ Rd #Ad ZHNY 1
LR Fid Clear Ragisiar Rd + Rd & Rd 2NN 1
SER Rl Eul Regsiar Rd + 3FF Man 1
AL Rid, Rr MuBply Ursigrad R1:A0 + Ad & Rr 2,C 2
RULS. Fid, Rr Mukiphy Sigred R1:A0 + Ad x Fr ZC 2
ALLSL R, Rr MuBply Sigrad with Unsigrad R1:A0 + Ad & Br 2. 2
FMUL Rid, Rr Fractional Muliiply Uns igned R1:AD« [Rd x Ar << 1 20 2
FMULE R, Rr Fractional Mulliply Signed R1:AD«— [Rd & Ar) << 1 Z,C 2
FMULEL Fidl. Rr Fractian h\xllE:EHnﬁd with UFEE R1:AD .« (Adx Ar << 1 2.0 2
ERANCH INSTRUCTIONS
FaMP k Anlatee Jumpg FPC— PG+ kK +1 Mong 2
LMP Indirect Jump fo |2 PC+2 Hone 2
JMP k Dinact Jump PGk Mong a
RCALL k RAalaise Subrouting Call FCa—PC+ K+ 1 Mg i
BCALL Indirect Call #o [} FC+ 2 Hona 3
CALL k Dineot Subscaring Call PC—k Blainig: 4
FET Subroutire Retum FC +— STACK Mana a
RETI Intamupt Ratum FC +— STACK 1 4
CFSE Rid Rr Compane, Skip i Egual fiRd=RNFC+— PC+ Zor3 Haona 1/2/3
= RalRr Compans Rd - Rr Z, MNCH 1
[=as] RalRr Compans wih Camy Ad-Rr-_C Z, WY.CH 1
oM Rk Caompans Ragisier with immadaie Rd-K 2 HNCH 1
SHRAC [id] Skip Bt in Ragister Cheared I iRnol=0} PG+ PC + 2073 Mong 1/2/3
SBRS B, b Siip F Bif in Register & So # (ANEj=1} PC o PC + 2or 3 Mo 15203
EEIC B b Skip F Bif in 10 Regkier Cleanad #iFibi=0) PO+ Po = Zor 3 Mone 15203
S8IS P, b Elp FBiin 0 Reglior Is Sat #Phl=1) FC—PC 203 Mg 11253
BRBS 5, Eranch il Siatus Flag Sai if (EREG s} = 1) Thon PC+—PC4+k + 1 Haona 1/2
BREC ALY Eranih if Status Flag Charcd I (EREG(S] = 0) thir PC—PC+K + 1 Maong 1/2
BREQ k Branch If Equal fZ=1)en PG PG4+ k=1 Han 12
BRMNE k Eranih if Mot Equal PZ =D PC— PC+ k=1 Maong 1/2
BRCS k Branih if Canry Sat G =1 than PCs— PC+ k=1 Mong 1/2
BRCC k Eranch I Canry Cleared # 40 = 0] then PC+— PC + k=1 Haona 152
BRSH k Branch If Same or Highe: FiC=0tan PC—PC+ k=1 Hain: 12
BRLO k BEranih If Lowar FiC = 1 then PCo— PO+ k=1 Mo 12
BRM k Eranch if Mimus #iM = 1] then PC+— PC + k=1 Mona i/2
BRPL k Branih if Pl # M= 0 hen PC— PO+ k=1 Mg ir2
BRGE k Eranch il Greaier or Egual, Signed f (W& e 0] han PC - PC s k1 Hone 12
BRLT k Eranh if Loss Than Zorng, Sgraid M@ Y= 1] han PC +— PC+ K +1 Maong 1/2
BRHE k Branch if Hall Cany Flag Sai #iHeijthan PCs— PC+ ks 1 Maona 112
BRHC K Eranih i Hall Camy Flag Clearmd fiH= 0 han FC .+ PO+ k=1 Maong 1/2
BRTS k Branih il T Flag Sat FT=1jenPC— PG+ K =1 Mong 1/2
BRTC K Eranch il T Flag Claansd T =0t PC— PC+ k=1 Maong 1/2
BRVS k Branih i Creartiaw Flag is Sat B =1)then PC+—PC-k+l Mong 1/2

_EFl\'C. k Eranih if D’erhwl—'liﬂlﬁc,l!imﬂ r-'v—mm-_n PO PC kel Mg 1/2

8 ATmegal6(L) m—
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Mnemonics Operands Description Operation Flags #Clocks
BRE k Eranch If Inierupi Enabded f{l=1)thanPC+— FC+ k=1 Mone 12
_EFl’D K Eranih (f InIIrrw D ks abiad Hl—ﬂ|ll‘ll—r|PE»—PEoli—1 ﬁ“ 112
DATA TRANSFER INSTRUCTIONS
ROV Ral. Rr Mowve Babwean Ragisiers Rd + Rr Maong 1
RV Ral. Rr Copy Regsiar Ward FRd+1:Ad « Ar-18r Maong 1
Lol Rl K Load Immedale Rd +— K Maong 1
Lo R X Load Indirect Rd + (&} Man 2
LD Fud, X+ Load Indirect and Posi:Inc Rd s [X], XX+ 1 Rone 2
Lo Rd - X Load Indirect and Pra-Dec K+ X1, Ad+ K1 Han 2
Lo R, ¥ Load Indirect Rd + [¥} Mg 2
[1+] R, Y- Load Indirect and Post- Inc Rd+— (¥, Y +«—¥+1 Mone 2
LD Rd - Y Load Indirect and Pra-Diac ¥ Y1, Ad e {¥] Mone 2
LoD R Ysq Load Indirect with Displacemant Rd + [¥ +q] Mone 2
Lo R X Load Indirect Rd + |5} Man 2
LD Bl 2+ Load Indirect and Posk: inc Rd a— {5, L= T4l Hone 2
Lo Rd -Z Load Indiret and Pro-Dec ZeZ-1Rd+ 1D Mong 2
oo Rl 2+ Load Indrect with Displacamant Rd +—|1Z + q) Man 2
LIS Fd k Load Drect from SRAK Rd + k] Rone 2
5T X, Ar Stara Indimet 1%}~ RAr Hain: 2
5T X+, Rr Siona Indireci and Post: inc [Xje— Rr X e X 41 Maona 2
5T X R Eiora Indimct and Pre-Dec Xa—X-1, (X «Rr Mane 2
5T Y, Ar Eiora Indimct |¥}« Ar Mone 2
8T Y+, Ar Efoma Indireci and Post-Inc {¥ 4+ Ar Y+« Y+l Mone 2
5T ¥. Rr Etora Ingirmct and Pre-Ont W4 W1, 0¥« Rr Man 2
50 Vg AP Sinra Indiect wih Disp I + o) & Rr Hone 2
5T I, Rr Silong Indimee 1Z) + Rr Maong 2
5T Z+, Ar Efora Indireet and Post-Inc [T+~ RAr, LT+ 1 Hane 2
ST -Z, Ar Etora Indirmet and Pre-Oaec Ze 15+ Rr Main 2
ST Z+0,Ar Etnra Indimect with Disgd I+ gl « Rr Han 2
5TS k, Rr Einra Direct fo EAAM Ikl « RAr Bone 2
LPM Load Program Mamary RO+ &) Hain: a
LPM Rd 2 Load Pragram Mamirg Rd « (&) Mone 3
LM R, Z+ Load Program Memory and Fosiinc Rd +— |, L+ Z+1 Mone k]
SPM Elnra Program Mamaory |Z) + R1:AD Mo
L Fid, P In Part Rd+ F Maona 1
auTt P, Rr Out Fart F+ Rr Maong 1
PUSH Fr Fush Ragister on Sack ETACK + Rr Moiri: 2
PO Ral Pngﬁslnrlmms R+ ETACH Mang 2
EIT AND EIT-TEST INSTRUCTIONS
S8I Pk St Bit in MO Aegisiar VOWP.b) 4 1 Haona 2
(=3 Pk Cloaar BE in D Ragisier VOdP.b) +— O Maona 2
LEL R Logical Shilt Latt Rdiru1) « Fd|n}, Rotl] « 0 ZON 1
LSR Fid Logical Shill Right Rdir + Rdins 1), Bdi7} 0 20N 1
ROL Rl Rotate Laft Through Carmy RA(Xs—C,Rd|r=1)— Rd|n}, C-—Rd[7} ZC MY 1
IR Fd Rotaia Right Through Cary R [T, R | mik— Bidin+1 |, &R0} 20N 1
ASR Rl Anthmate Shitt Right Rdir) + Rdin+ 1) el 6 Z0HY 1
SWAP R Swap Mibbios Fd[3. B Ra(7 &), Adi7. 4)—RAdi3 o) Mo 1
BSET 5 Flag Sei EREG(s}«1 EREG(s) 1
BCLR El Flag Chaar EREG(s}« O EREGI(s} 1
BET Fr, b Bl Sione from Regisier o T T« Anb} T 1
BLD Fid, b El load from T o Ragisher Rdibh+ T Mona 1
SEC Sei Camy Ca+1 C 1
LS Claar Canry T4+ 0 C 1
SEN Sol Negatun Flag M1 M 1
CLN Clear Nagaiise Flag M4+ 0 M 1
SEZ Sil Zano Fag Zi1 Z 1
(= Clear Taro Flag Ze 1 z 1
SEI Global Inferrupt Enabke la—1 1 1
cu Global Interrupt Disabla 1+10 1 1
BES Sei Eigned Tesi Flag B« E 1
CLS Cloar Sgrad Test Flag E+ 0 5 1
SEV Sei Twos Creariime. Ve i L 1
CLV Clear Twos Complement Owarllow Yo O L 1
SET Sat Tin BAEG T 1 T 1
CLT Clear Tin SREG T T 1
SEH Set Half Carry Flag in SAEG H 1 H 1

4
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s A TmMega16(L)

Ordering Information

Speed (MHz) Power Supply Ordering Code Package Operation Range

a 2.7 - 558V ATmegal&L-8AC 448 Commarcial
ATmegalBL-8PC 40P (0°C ta 70°C)
ATmegal&L-8MC 4401
ATmegalBL-8Al EET Industrial
ATmegal6L-8P1 40PE {-40°C to B5°C)
ATmegal&L-8MI 4401

16 4.5 - 5.5V ATmegalB-16AC EETY Commarcial
ATmegal6-16PC 40P6 (0°C o TO"C)
ATmegalg-16MI 4401
ATmegalg-16Al 448 Industrial
ATmegal6-16PI1 40P6 (-40°C to B5°C)
ATmegalg-16MC 4401

Package Type

4448 d4-lead, Thin (1.0 mm) Plastic Gull Wing Quad Flat Package (TQFP)
40P6 40-pin, 0.600° Wide, Plastic Dual Inline Packages (POIP)
44M1 d4-pad, 7 = 7 x 1.0 mm body, lead pitch 0.50 mm, Micro Lead Frame Package (MLF)

ATMpL .

24EBFS-AVR-02103
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ATMEL

Packaging Information

44A

12

[0 g I

=N
= S 2
=| PiH 1 IDENTIFIER _'|'
= '+
[ ' £
| E
=
IIIJIIIIJIIIJIIJ
-l—[. E——
| o
c -7 f
+ﬁa 0 A o o 1 i
H A A
| b L

Motes: 1. This package conloms 1o JEDEC reference MS-026, Vanation ACE
2, Dimenzions D1 and E1 da not inchude mo'd profnision. Atomable
profrusion | 0,25 mm per side. Dimensione D1 and E1 are masimum
plzstic body sze dimensions including mokf mismatch.
4. Lead coplanarity i 0.10 mm maimem

|
I
—A
COMMON DIMERSIONS
[t of Measune = mmy)
SYMEOL, MIN | NOM [ MAX | NOTE
3 - - 1.20
A oS - 045
A3 0,85 100 1.05
i ] 12.00 12.25
]| -1 ) 10.00 10,10 | Mot 2
E 73 1200 12.25
E: 1) 10.00 10,10 | Posa 2
B k] - 045
[+ {elec] - 0.20
L 045 - 0.7
2 0.80 TYP
1062004

TITLE
2325 Orohard Parkway
San Jose, CA 95131

d4A, 444ead, 100 % 10 mm Body Size, 1.0 mm Bady Thicknass,
0.8 mm Lead Péch, Thin Profile Plaste Quad Flat Package (TOFP)

448

DRAWING NO. |REV.

B
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A Tmegal16(L)

40P6

SEATING PLANE

G
SYMBOL| MIN HOM MAX | NOTE
A | = - 4.826
Al 0,381 - -
52.070 - 52578 |Nole 2
15.240 - 15675
E1 13.462 - 13.870 | Note 2
B 0.356 - 0555
Nolas: 1. This package conlarms ta JEDEC meferenca MS-011, Vanation AC B 1041 E 1.661
2. Dimenzions O and E1 do not inclide mold Flash or Prodrusan L 3.048 - 3.556
Mcid Flash ar Pratrusion shall nol excaed 0.25 mm (00107} - 0E0E = 0381
eB 16.484 - 17.526
B 254D TYP

COMMON DIMENSIONS
(Unit al Measure = mm)

D9r2a01

TITLE

m 2325 Orchard Parkway
San Jose, CA 95131

Inline Package (PDIP)

40P6, 40-lead {0LE00715.24 mm Wide] Plastic Dual

DRAWING NO. |REV.
40PE B

24EEFS-AVR-021a
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44M1

14

AIMEL

CERINERNIT IR
- E >
. _
CI
%
e Pin 110
p—SEATHNG FLANE
TOP VIEW Tl
| =
Bl =
of 03 Fin#1 Carner SIDE VIEW
==
JJJL-UJJUJ-H-J A
- —]
= —
= — COMMON DIMENSIONS
— ] [Unil of Measure = mmj
— —
El &= — SYMBOL| MM | NOM | MAX | NOTE
= jam A pan | o0E0 | 100
- — == =
= | S i - 02 | 005
-] = a3 .25 REF
e P - b | o | 0z | om
noannanann o 7.00 BSC
+|@ bz | 500 | 520 | sa0
E 7.00 850
BOTTOMVIEW I
e 0,50 850
L 035 | 055 | 075
Mole: JEDEC Standard MO-220, Fig. 1 (SAW Singulation) VEED-1,
01/15103
B TITLE DRAWING NO. |REV.
2425 Orchard Parkay | yyp 44.pad, 7 x 7x 10 mm Bady. Lead Pich 0.50 mim A
, San Joza, CA 35131 | wicro Lead Frame Package (MLF)

ATmegal6(L) m——————
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Data Sheet Change
Log for ATmegal6

Changes from Rewv.
2466B-09/01 to Rev.
2466C-03/02

ATMEL

This section contains a log on the changes made to the data sheet for ATmegalé.

All page numbers refer to this document.

10.

11.

12.

13.

14.

15.

16 ATmegai16(L)

Updated typical EEPROM programming time, Table 1 en page 18.

Updated typical start-up time in the following tables:

Table 3 on page 23, Table 5 on page 25, Table 6 on page 26, Table & an page 27,
Table 9 on page 27, and Table 10 on page 28.

Updated Table 17 on page 41 with typical WDT Time-out.

Added Some Preliminary Test Limits and Characterization Data.
Removed some of the TBD's in the following tables and pages:

Table 15 on page 36, Table 16 on page 40, Table 116 on page 272 (table removed
in document review #0), “Electrical Characteristics” on page 290, Table 118 an
page 292, Table 121 on page 294, and Table 122 on page 296.

Updated TWI Chapter.
Added the note at the end of the “Bit Rate Generator Unit" on page 177.

Corrected description of ADSC bit in “ADC Control and Status Register A —
ADCSRA"” on page 218.

Improved description on how to do a polarity check of the ADC diff results in
“ADC Conversion Result” on page 215.

Added JTAG version number for rev. H in Table 87 on page 228.
Added not regarding OCDEN Fuse below Table 105 on page 260.

Updated Programming Figures:

Figure 127 on page 262 and Figure 136 on page 273 are updated to also reflect that
AVCC must be connected during Programming mode. Figure 131 on page 269
added to illustrate how to program the fuses.

Added a note regarding usage of the “PROG_PAGELOAD ($6)” on page 279
and “PROG_PAGEREAD ($7)" on page 279.

Removed alternative algortihm for leaving JTAG Programming mode.
See "Leaving Programming Mode" on page 287.

Added Calibrated RC Oscillator characterization curves in section "ATmegal6
Typical Characteristics = Preliminary Data” on page 298.

Corrected ordering code for MLF package (16MHz) in “Ordering Information”
on page 11.

Corrected Table 20, “Scan Signals for the Dscillatnrs“*'2"m," on page 234.

|
246BFS-AVA-02703
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s A TmMegai6(L)

Changes from Rev.
2466C-03/02 to Rev.
2466D-09/02

Changes from Rev.
2466D-09/02 to Rev.
2466E-10/02

Changes from Rev.
2466E-10/02 to Rev.
2466F-02/03

24EEFS-AVR-02103

All page numbers refer to this document.

Changed all Flash write/erase cycles from 1,000 to 10,000.

Updated the following tables: Table 4 on page 24, Table 15 on page 36, Table
42 on page 82, Table 45 on page 109, Table 46 on page 109, Table 59 on page
141, Table 67 on page 166, Table 90 on page 234, Table 102 on page 258, "DC
Characteristics™ on page 290, Table 119 on page 292, Table 121 on page 294,
and Table 122 on page 296.

3. Updated "Erratas™ on page 15.

All page numbers refer to this document.

Updated “DC Characteristics™ on page 290.

All page numbers refer to this document.

Added note about masking out unused bits when reading the Program
Counter in “Stack Pointer” on page 10.

Added Chip Erase as a first step in “Programming the Flazsh” on page 287 and
“Programming the EEPROM"” on page 288.

Added the section “Unconnected pins” on page 53.

Added tips on how to disable the OCD system in “On-chip Debug System™ on
page 34.

Removed reference to the “Multi-purpose Oscillator” application note and
“32 kHz Crystal Oscillator” application note, which do not exist.

Added information about PWM symmetry for Timer0 and Timer2.

Added note in “Filling the Temporary Buffer (Page Loading)” on page 253
about writing to the EEPROM during an SPM Page Load.

Removed ADHSM completely.

Added Table 73, “TWI Bit Rate Prescaler,” on page 181 to describe the TWPS
bits in the “TWI Status Register - TWSR"” on page 180.

. Added section “Default Clock Source” on page 23.

. Added note about frequency variation when using an external clock. Note

added in “External Clock” on page 29. An extra row and a note added in Table
118 on page 292,

. Various minor TWI corrections.
. Added “Power Consumption™ data in “Features™ on page 1.

. Added section “EEPROM Write During Power-down Sleep Mode"” on page 20 .

AlMEL 2
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APPENDIX C

Voltage Detection Sensor Module 25V:

module is based on the principle of resistive voltage divider design, it can make the red
terminal connector input voltage to 5 times smaller.Arduino analog input voltages up to 5 v.
The voltage detection module input voltage not greater than 5Vx5=25V (if using 3.3V
systems, input voltage not greater than 3.3Vx5=16.5V).It has the limit of microcontroller
analog input 5 VDC only. So if you wish to measure higher voltages, you will need to resort
to another means. One way is to use a voltage divider. The one discussed here is found all
over Amazon and eBay. It is fundamentally a 5:1 voltage divider using a 30K and a 7.5K Ohm
resistor.

Note: Keep in mind, you are restricted to voltages that are less than 25 volts. More than that
and you will exceed the voltage limit of your microcontroller input.

Connection Diagrame:

©CEND>O P WN =

Al

microcontroller

40

Package Includes :

1xVoltage Detection Sensor Module.

Specifications And Features :

Dimensions: 28 x 14 x 13 mm(LxWxH).

Weight: 4 gm.

Input Voltage range: DCO to 25V

Voltage detection range: DC 0.02445V to 25V

Analog Voltage resolution : 0.00489 V

Output Interface : “+ ” connected 5/3.3V, “-” connected GND, “s” connected microcontroller AD pins
DC input interface: red terminal positive with VCC, negative with GND

You can also use the IICLCD1602 LCD to display voltage.

By 3P connector, connect this module with the expansion of board microcontroller, not only makes it
easier for you to detect voltage battery.
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