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Ahstract

This project describes the contrel of the prosthetic limbs for
human hand movement at elbow joint, it was built to help the patients
who is suffer from permanent disability in upper limbs of the body
Especially at elbow joint, because of the mation at elbow joint is one of
the simplest and the most important motion of human beings everyday
life, we will chose this project. the angular position of the robot system
are controlled by the signal from biceps and triceps muscle movement
,This system will used multiple electrode at the skin surface to take
EMG signal by Flectromyogram circuit at biceps and triceps muscles as
an input information of the controller , the activation level of the
working muscle will be vary by human arm movement that will be vary

the input of the information of the controller then contral the position
of the robotic hand .
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1.1 Introduction

Electramyography is the technique used to measure and record
the muscle response to electrical activity within muscle fibers, muscle
stimulation caused by the nerve impulses at rest and during contraction.
EMG signals are measured by the electrodes placed on certain body
muscles,

EMG amplitude is affected by parameters such as electrode
placement, electrode orientation, electrode type, inter-electrode
distance, skin and electrode temperature.

Our project of (controlling the hand movement at elbow joint with
EMG signal ) that will be used for human motion suppart |, in order to
help the patients who have lost parts of body as a result of accidents
,diseases wars and many reasons ,This technique is very important for
this persons to take care for help them to do the works .

1.2 Objectives
The main objectives of this project are

1- To study the physiological structure of the biceps and triceps muscle.
2- To study the electrical signal for those muscle at contraction and
relaxation.

3- Find the Prosthetic hand is doing in place of natural hand and less side
effects on the patient.

4- Work the Prosthetic hand at low cost.

-+
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1.3 Project Importance

Many people are missing parts of their bodies as a result of
accidents ,diseases wars and many reasons .These persoens will remain
until death without the parts that help them in live as normal person
that will be in past .

Sciences will become able to compensate those people who have
lost their upper or lower limbs by providing them with artificial limbs is
similar to the natural parties, the Importance ofthis project Isto
provide artificial limbs for those people at low prices and give the

best results .

1.4 Previous Studies

1-Scientists from Germany and Spain are benefited from the concept of
mavement of the hand, in the praoduction of prosthetic hand works like a
natural work of the hand and the lowest cost and less side effects an a
patient.

2- Some scientists from Europe, America and lapan are found the
hand operated by electrical signals resulting from the contraction muscle
of the arm, where they worked on the design of prosthetic hand is made
up of five fingers , each finger has an electrical circuit separate from
the finger the other, so the patient can control each finger individually.

3- In national technical university of Athens, is made robot in two
directions and robot consists of four electrode and record EMG signal of
the elbow and wrist joint and it made of reinforced plastic.




1.5 Task Time Schedule

Table (1.1): Task time schedule

Task Number Task Time (Weeks)
1 Collection information 2
about the system
2 Planning for the system 3
s Collecting the 2
requirements
4 Design the system 5
5 Dacumentation of the 2
| system )

1.6 Distribution of Task Schedule

Table (1.2): Distribution of Tasks Schedule

14 (13|12 |11 (10(9|8|7|6|5|4|3(2|1| Time(Weeks)

Task




1.7 The cost of equipments

Table {1.3): The cost of equipments

Total cost

Equipment Cost(NIS)
' The hand 100
| PIC16f848 100
Motor controller 200
Ag-Agcl Electrodes 100
Batteries 180
Cover 50
ADB20 Amplifier 200
Resistors 50
Capacitors 30
Rectifier 20
Stepper motor 200
Amplifiers 100
1330
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2.1 Human muscle

2.1.1 Structure Of Human Muscle

Skeletal muscle is usually associated with the skeletal system. It is
also called striated muscle because of the presence of alternating dark
and light bands along the length of its fibers, Skeletal muscle is also
called voluntary muscle because it is largely under voluntary control
regarding contraction. To provide specific body movements, muscles
waork in what are called antagonistic pairs with one muscle contracting
while the other is relaxing , When a muscle contracts it pulls on the
tendon attached to a bone that lies acrass a particular joint, This moves
the two bones closer or farther apart (e.g. flexion and extension of the
arm) .The skeletal and muscular systems serve to give us our shape, and
protect our internal organs. Examine the articulated skeleton and note
the shapes of bones that articulate at specific joints, such as the hip ,
shoulder joint, skull joint, elbow joint, knee joint, wrist joint and fingers
joint. Ligaments connect bones to each other and tendons connect
muscles to bones.

2.1.2 Basic Structure Of Human Muscle

Skeletal muscle is just one type of muscle found in the body,
smooth muscle and cardiac muscle are the other two type . When study
the structure of skeletal muscle, we will examine an area that shows
muscle fibers both in longitudinal sections and cross sections . Each
muscle fiber is a single cell, which is quite long with easily recognizable
striations and multiple nuclei located along the periphery of each fiber.
The striations or striped appearance is due to the arrangement of actins
and myosin filaments, In cross section that will show in fig(2.1) you can
see the dark stained nuclei at the outer edge of each fiber. Tendons are
types of dense connective tissue compesed of parallel bundles of collage
nous fibers. Bone is also a type of connective tissue composed of
concentric layers of a mineralized matrix. For contraction to occur
muscle fibers must receive nerve impulses and each muscle fiber is
innervated by a single neuron.
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Fig (2.1) Structure of a skeletal muscle A

2.1.3 Muscle Fibers Types

The mast important factors determining athletic performance are
the cellular composition of the contracting muscles { Muscle cells) which
are called fibers, can be broadly ciassified into categories based on their
structural and metabolic characteristics. When we consider the biceps
and triceps muscle in the upper arm .This muscles tissue is composed of
distinct fiber types that play a critical role in determining the muscle’s
performance capacity.

Three main fiber types are commonly identified, although further
sub-groupings are known. For our purposes, we will focus on the three
major types described here:

1- White, fast-twitch and glycol tic fibers (FG) that generally quite large
in diameter and can generate energy rapidly for quick powerful
contractions.

2- White fibers rely on anaerobic metabolism to produce ATP and
become fatigued with the accumulation of lactic acid, a noxious by-
product that interferes with muscle contraction. Consequently white,
fast-twitch fibers are generally activated in short-term sprint or power
activities, as they fatigue rapidly. Red, slow-twitch, oxidative fibers (50)
are smaller in diameter, and generate a greater yield of ATP by aerobic
metabolism and without the formation of lactic acid.




As the name implies, red, slow-twitch fibers contract less rapidly

and powerfully , but they are not easily fatigued and well suited to
prolonged exercise.
3- fast , oxidative-glycol tic (FOG), shares both the oxidative and glycoltic
pathways and is intermediate in size. When we compared to red and
white fibers (it is sometimes referred to as “pink” fibers). These
characteristics are summarized below in Table {2.1).

Table (2.1) A comparison of muscle fiber types

Slow, Oxidative | Intermediate T ast, Glreolyvtic
| Fiber color Ked Pink - red White
Pradominan:
mictabolic pathway Aerobic Aerpbic Glyrolysis |
| Contraction speed Slow Fast Fast
Rae of fanme Slow Intermediate | Fast
| Mitochondnia Mamry Many Few

It is widely known among sport physiologists that the “fiber-type”
of elite, world-class athletes is a reliable predictor of performance in
athletic events. Sprinters, weight-lifters, wrestlers and others that rely
on short, powerful bursts of muscle activity generally have a
predominance of twitch fibers, whereas marathon runners, cross-
country skiers, cyclists, and other endurance athletes have a greater
abundance of twitch fibers.

2.2 Muscle Action And Contraction
2.2.1 Muscle Action

Muscles of the human body vary in shape and size. While most are
somewhat elongated in shape, others may be trapezoidal and a few
circular. The thick fleshy part of the muscle is called the belly. You can
easily relate to this by feeling the muscle of your upper arm and back of
your lower leg. Many (but not all) muscles are directly connected to
bones. The tapered ends of these muscles are connected to bone by
tendons (a type of dense connective tissue). Most muscles of the body
work in groups to perform a specific body movement. The area on a
bone where a muscle is firmly attached is called the origin and the point

9




of attachment to the bone it moves is called the insertion. The
contraction of specific muscles results in an action and that action is
often described in terms of “antagonistic pairs” of muscles. The main
muscle that is responsible for a specific movement (or action) is called
the agonist (or prime mover); the muscle that opposes it is called the
antagonist. When one muscle contracts to produce a motion its
opposing muscle is relaxed, This will become clearer as you perform
some of the actions on your hand at elbow joint. Some basic types of
body movements are flexion or extensionfarm or leg),
depression/elevation (jaw), and dorsiflexion / plantar flexion (foot).

2.2.2 Muscle Contraction
2.2.2.1 The Motor Unit

A single nerve fiber innervates on average about (150 muscle
fibers) .All of these fibers and the single nerve fiber innervating them are
called a motor unit because muscle fibers of the unit are always excited
simultaneously and contract in unison, It is important to note that
terminal divisions of a motor neuron are distributed throughout the
muscle belly. Stimulation of a single motor unit, therefore, causes weak
action in a broad area of muscle rather than a strong contraction at one
specific point.

The Motor Unit

Branches of fibril
Motor motor neurcns oigh o iy

'v—‘-‘-{’-';

uscie Tiber

Fig (2.2 ) The motor unit

Muscles controlling many movements are characterized by the
presence of a few muscle fibers in each motor unit, i.e. the ratio of nerve
fibers to muscle fibers is high. For instance, each motor unit presentin
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the ocular muscle contains less than (10 muscle fibers). On the other
hand, gross movements, e.g. major limb muscles, may be governed by
matar units containing (1000 or more muscle fibers).

2.2.2.2 Excitation Of Skeletal Muscle

Muscle fibers possess the property of being excitable. Any force
affecting this excitability is called a stimulus, which in muscle tissue is
usually conveyed by nerve fibers, The stimulus is an electrical impulse
transmitted from a nerve fiber branch to a muscle fiber at a junction
region called the neuromuscular junction. At the junction gap, the
synaptic cleft, exists between a nerve hranch terminal and a recess on
the surface of the muscle fiber. A nerve impulse reaching the
neuromuscular junction causes the release of acetylcholine, a neuro
transmitter stored in synaptic vesicles within the nerve terminal.
Acetylcholine crosses the gap and acts on the membrane of the muscle
fiber, causing it to generate its own impulse, which travels along the
muscle fiber in both directions at a rate of about (5 meters per second).
at's also conducted to the sarcoplasmic reticulum via the T system.

2.2.2.3 Mechanism Of Contraction

The generally accepted conception of how muscle contracts is
known as the (sliding filament madel ) . According te this model, the
contraction is brought about by the sliding of the thin filaments at each
end of a sarcomere toward each other between the stationary thick
filaments. As we show in fig (2.3} ,this draws the (Z) lines closer together
and shortening the sarcomere. In sections of muscle prepared at
sequential stages of contraction, it can be seen that as a sarcomere
shortens, the (1) band of each myofibril (the region containing only thin
filaments bisected by a Z line) narrows as the thin filaments move
toward the centre of the sarcomere . whereas the (A) band
(representing the length of the thick filaments) is unaltered. The (H)
2one of the (A) band, the lighter, central region not penetrated by thin
filaments in relaxed muscle, disappears as thin filaments come to
completely overlap the thick filaments in the contracted state. When
contraction is marked, a dense zone appears in the centre of the (A)
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band as a result of overlap of thin filaments from opposite ends of a
sarcomere, In cross section this overlap is identified as a doubling (over
the relaxed condition) of the ratio of thin to thick filaments.

& disk M lina

Fig(2.3) Fiber filament model

The movement of the thin filaments can be accounted for by
cross-bridges extending from thick to thin filaments, which are utilized
as mechanical pulling devices . Myosin molecules are constructed from
the thick filaments and it's have a globular head and linear tail. They can
be readily split enzymatically (with trypsin) into two sub units. One
called heavy meromyasin, that's contains the globular head and a linear
tail section, the other called light meromyesin , which is an all-linear tail
segment. The head of heavy meromyosin, which can be enzymatically
separated from the tail section, has the property of combining with actin
and contains ATP-splitting enzymes. The linear light meromyosin
subunits have a self-combining property. Thick filaments are assembled
by tail-to-tail aggregation of myosin molecules so that in each half of the
filaments the heads, which form the ends of the cross-bridges face
opposite directions . This explains how thin filaments at opposite ends of
a sarcomere can be pulled inward toward the centre of the thick
filaments.

Action consists of two strands of spherical molecules coiled
around one another. On the surface of each strand of actin is a
filamentous tropemyosin. Troponin is a complex of three globular
subunits positioned at regular intervals (400 angstroms | along
the thin filament . The largest subunit of troponin_designated Tn-T_
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binds to tropomyosin. Another Tn-l (the inhibitory subunit) reversibly
binds to actin when bound the troponin complex, linked to tropomyosin
and actin seems to act as a latch holding tropomyosin in a position that
blocks the myosin binding site on actin. The latch is released when
calcium binds the smallest subunit, (Tn-C) causing the troponin complex
to undergo a change in conformation which breaks the link between the
Tn-I subunits and actins.

2.2.2.4 Energy Sources

ATP is a direct source of energy for muscular contraction. ATP
(Adenosine Triphosphate )is synthesised during the aerobic breakdown
of glucose ,and the fatty acid component of fat to carbon dioxide and
water and during glycolysis, the anaerobic breakdown of glucose (or
glycogen) to lactic acid. ATP must be continuously resynthesised in
muscle, since its reserves are very small. Muscle contains a small
auxiliary source of high energy phosphate in the form of creatine
phosphate. Creatine phosphate can be utilized during muscular
contraction for the rapid re-synthesis of ATP by phosphate transfer to
ADP(Adenosine Diphosphate] When muscle is at rest, the reverse
reaction phosphate transfer from ATP to creatine rebuilds the reserves
of creatine phosphate.

Muscle also has its own glycogen stores. Calculations based
largely upon measurements of oxygen consumption .lactic acid
production in human subjects suggests that during moderate exercise
the energy is initially supplied by stored ATP and ATP resynthesized from
creatine phosphate. Within a few seconds, the oxidation of fatty acids
and glucose taken up from the blood stream provides an additional
source of ATP. Oxyzen consumption rises rapidly as increased amounts
of fatty acids and glucose are oxidized. If any anaerchic breakdown of
glycogen occurs under these conditions, it is too small to be detected.
When the exercise is strenuous, a point is reached if the oxygen supply is
insufficient to meet the energy needs an active muscle. When this
occurs [ estimated as an energy expenditure of approximately 220
calories per minute per kilogram of bady weight ), glycalysis provides a
sizable portion of the energy needs . Far less ATP is produced by the
anaerobic process than by the aerobic process. The lactic acid produced

13
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during glycolysis is released from the muscles into the blood stream to
be subsequently taken up by the liver {where it is converted to glucose
and glycogen). A reasanably accurate measure of the extent of glycolysis
can be obtained by determining the concentration of lactic acid in blood
sample drawn in two or three minutes after a strenuous exercise trial
lasting up to a few minutes. Exercising to a state of exhaustion is
associated with a steep and continuous rise in blood lactic acid.
Reducing the effort or introducing rest intervals is reflected in a leveling
off of blood lactic acid concentrations.

2.2.3 Comparison Between Isometric And Isotonic Contraction

The tension developed during contraction is utilized to perform
work in moving a load some distance. This occurs normally when
walking, climbing, lifting objects, or turning the head. If a muscle does
not shorten as it contracts, the tension may be utilized for such actions
as holding an object in a fixed position or maintaining posture against
the force of gravity.

When the muscle shorter against a constant load , it is called Isotonic .
.When the muscle doesn't shorter against a constant load ,it is called
Isometric.

2.2.4 Contraction Times Of Muscles And Motor Units

Muscles differ considerably in the speed of their contractions. For
example, the contraction times of the lateral rectus, gastrocnemius and
soleus are different correlate with normal functions of rapid eye
movements (lateral rectus). Mederately rapid movements in walking
and running (gastrocnemius), and prolonged supportive action
(saleus).Traditionally, certain muscles have been described on the basis
of appearance and speed of contraction as either

Most muscles fall somewhere hetween the two extremes, and the
proportions of the two basic fiber types vary cansiderably from one
muscle to another. It has also been observed that the motor units of a
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muscle can be distinguished on the basis of contraction times and other
characteristics. Fibers of fast-contracting units, which also fatigue
rapidly, are of large diameter have few capillaries, mitochondria and
contain an abundance of glycogen. Their apparent dependence upon
anaerobic glycolysis could explain their rapid fatigue. Large-diameter
fibers also have an extensive sarcoplasmic reticulum. Since this would
allow rapid release and uptake of large amounts of calcium ions, it is
consistent with their faster contraction. Fibers of slow-contracting and
fatigue-resistant units have small diameters, a rich capillary supply,
many mitochondria and little glycogen. This profile suggests a high
capacity for aerobic energy pathways. Small-diameter fibers also contain
large amounts of the oxygen-carrying heam protein myoglobin. This
characteristic and the presence of cytochromes (also heam proteins) in
the abundant mitochondria, as well as the vascularity of these fibers,
account for the description of small fibers as red, as distinguished from
the large, white fibers.

The fibers of a third group of motor units, described as fast-
contracting and fatigue-resistant are of variable diameter and liberally
supplied with capillaries. Their glycogen and mitochondrial content
suggest utilization of both aerobic and anaerobic pathways.

2.3 Electromyography And Electrode

2.3.1 Electromyography

Electromyography (EMG) is referred to as myoelectric activity
that will be measures the electrical impulses of muscles at rest and
during contraction. As other electrophysiological signals, the EMG signal
is small and needs to be amplified with an pre- amplifier that will be
designed to measure physiological signals. This signal can be recorded or
measured with an electrode, and then displayed on an oscilloscope, or
LCD. This LCD would pravide the information that will describe the
ability of the muscle to response to nerve stimuli based upon the
presence size and shape of the signal that resulting on action potential.

15
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In this project a skin surface electrode is often the preferred instrument,
because it is placed directly on the skin surface above the muscle. When
EMG is measured from electrodes, the electrical signal is composed of all
the action potentials occurring in the muscles underlying the electrode.
This signal could either be of paositive or negative voltage since it is
generated before muscle force is produced and occurs at random
intervals.

The EMG signal is first picked up by electrode and amplified. By
more than one amplification stages are needed, since before the signal
could be displayed or recorded, it must be processed to eliminate low or
high frequency noise, or any other factors that may affect the outcome
of the data. The point of interest of the signal is the amplitude which can
range between 20 to 5000 microvolt's (peak-to-peak). The frequency of
an EMG signal is between 6 to 30 Hz and interval of 3 to 10 millisecond .

In order to obtain a signal that yields the maximum information,
the method employed and the implementation device has to be
considered. There are many dependent factors that could affect a
surface EMG since the signal is susceptible to noise interference such as
hum, signal acquisition such as clipping and baseline drift, skin artifacts,
processing errors, and interpretation problems. For example, the
contact of electrode to the skin could distort a recording signal. The
inadequate amplification of the signal could cause a recorder detection
problem. A wrong filter could efface some of desirable information of a
signal. Moreover, there are other factors such as the distance between
electrodes as well as the recording times used in the experiment. The
device utilized in the measuring of the signal must also be considered
since low-level input into a recording device could alsa affect data
and yield inaccurate results.

2.3.2 Excitable Tissue And Action Potential

There are two main types of tissue in the nervous system:
excitable tissue and non-excitable tissue.
1-The excitable tissue : which is composed of neurons, responds to and
transmits nerve stimuli.




2-The non-excitable tissue: composed of glial cells, does not response to
voltage or any other conventional stimulus, since glial cells are non-
conducting, and function only as support cells in the nervous system.
Excitable tissue can be divided into four components: sensory receptors,
neuron cell bodies, axons, and muscle fibers. In a situation involving a
harmful stimulus such as contact with a sharp pebble or a hot surface,
the resulting pain and pressure are transmitted by sensory receptors.
The pain is by a receptor potential, which is the transmembrane
potential difference of a sensory cell. Produced by sensory transduction,
a receptor potential results from inward current flow, which will bring
the membrane potential of the sensory receptor toward the threshold to
trigger the neuron into generating a rapid burst of voltage pulses called
the action potential (AP).

As shown in Figure (2.4) triggered by a constant high-pressured
stimulus, the sensory receptor generates an initially high receptor
potential that rapidly decreases to a much lower that will be steady
level, This decrease in the receptor potential is called adaptation. The
action potential produced by the neuron has a magnitude of 0.1 volts .
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Fig{ 2.4) Typical time variations associated with a sudden, steady
stimulus.

To step off that pebble, the neuron sends a message along a
nerve axon to the base of the spinal cord. The axon, or nerve fiber is the
slender projection of a neuron that conducts electrical impulses away
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from the nerve cell body. There are two types of axons: the afferent
axon and efferent axon,

1-The afferent axon or sensory axon, leads to the central nervous
system, and carries messages from sensory receptors at the peripheral
endings to the spinal cord or brain.

2-The efferent axon, or motor axon, originates at the spinal cord and
carries information through the body parts, synapse with muscle fibers
to stimulate muscular contraction as well as the muscle spindles to alter
proprioceptive sensitivity, which is a key factor in muscle memory and
hand-eye coordination. Because of these two types of axons are
designed to relay high-speed messages, their diameter is between
(0.001) and (0.022) millimeters, which is longer than ordinary axans that
have a diameter between (0.0003) and (0.0013) millimeters .

When we compared with the ordinary axons, the efferent and
afferent axons also have a thicker layer of myelin and an electrically
insulating fatty layer that increases the speed of impulses by means of
saltatory conduction. Therefore, by inhibiting charge leakage myelinated
axons propagate action potentials that recur at successive nodes rather
than waves; and thus “hap” along the axon increasing the speed of the
impulse, With a large diameter and thick of myelin sheaths, all signals
can thus travel through the afferent and efferent axons at speeds as high
as 120 meters per second, or 270 miles per hour . On the other hand,
the ordinary axons, which are solely responsible for simple activities
such as reporting pain and temperature changes, have small diameters
and unmyelinated fibers. these small diameters and unmyelinated fibers
are adequate to carry slow-speed signals.

The afferent axon carries the action potential burst from the
neuron to the interneuron, Aneuron that communicates anly to other
neurons, or to the motar neuron. This causes a chemical transmitter to
be released across a narrow fluid gap called synapses. The latter are
specialized junctions that allow neurons to signal to their target cell,
which could be another neuron or a non-neuronal cell such as a muscle
or gland. The action potential crosses this junction to either another
interneuron or a motor neuron, triggering another action potential burst
as the process repeats until the message reaches the efferent axon.
Then it carries the action signal back down to the leg muscie. Once the
signal reaches the muscle tissue, the message instructs the muscle to
contract, resulting in lifting the foot off the pebble.
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2.3.3 GENERATION OF ACTION POTENTIAL

After a sensory receptor generates information, the electric
signal is transmitted to its intended target by traveling through an axon.
However, the axon is a relatively poor conductor because it rapidly
attenuates the electrical signal . The potential can decrease to 37 % of its
original value after traveling a distance of only 0.15 millimeters along
an axan , resulting in an unusable potential value . This distance in which
the potential becomes unusable is called the length constant. The length
constant is dependent upon the size of the axon as it is proportional to
the square root of an axon diameter. To overcome this tendency of
signal attenuation, the nervous system uses a method to increase the
strength of the electric signal. When the potential decreases to a
threshold level that equal eight millivolts , the neuron will fire another
100 millivalts action potential .However, the action potential will keep
decreasing after travel through the axon, which in effect will stimulate
the neuron to fire one burst of action potential after action potential.
process this is referred to as frequency modulation.

To get more information about action potential , we must
understand the structure of the axon . There are ions arranged in
constant random thermal motion inside an axan, with protein molecules
being one of the main components of the axon membrane. Under
normal conditions, sodium (Na+ ) and calcium (Ca2+ ) are more
concentrated in the extracellular fluid, while potassium (K+) is more
concentrated within the cell. In effect of (K+ | that will be the key
determinant of the resting membrane patential, since the resting cell
membrane is more permeable tol K+ ) than to the (Ca2+ ) and (Na+ )
molecules . However, while it plays a small part in the resting
membrane potential,( Na+ ) is a key player in the generation of electric
signals. When a cell goes from a resting to an excited state or firing level,
the cell increases its (Na+ ) permeability. This causes (Na+ ) molecules to
enter the cell through voltage-gated channels, thus moving down its
chemical gradient. This addition of the positive charge of (Na+ ) to the
intracellular fluid causes the cell to become depolarized and initiates an
action potential. The extinguishing level that marks the falling phase of
the action potential is the result of an increase in{ K+ ) permeability in
the cell, However, the closing and opening of the voltage-gated channels
is regulated by the jostling of the atoms within the cell, which results in
randomness in the train of the generated action potentials.
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Consequently, any undesired departure from a perfectly ordered system
may give rise to so called noise.

Higher receptor potential will initiate less noisy action potentials.
However, a noisy system is not always bad, as it enables living things to
be able to adjust themselves to changing environment .The action
potential is not only in the shape of narrow spike, it also suggests
another model of action potential. They applied a {+20) mille volts
trigger at zero time to the giant axon of the squid, and found that during
an action potential, an ion moves to the axon membrane by using its
protein molecules to create bridge to the membrane.
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The protein malecules are unique for each ion species. The (Na+ |
ions are trying to diffuse into the axon while the( K+ ) ions are trying to
diffuse out of the axon membrane. From Figure (2.3), the ‘sodium in’
curve is negative because the current that flows into the axonplasm is
defined as negative. On the ather hand, the current that flows out of the
axonplasm is defined as positive. The sodium carrier proteins convey
( Na+ ) ions into the axon in accordance with the 'sodium in’ curve.
When crossing the membrane, there is only low voltage left to drive the
sodium ions into the bridges of the transport proteins. Conseguently,
the dip of the sodium curve exists at the peak of action potential curve.
On the opposite side of the sodium curve, the potassium carrier proteins
convey (K+ ) ions out of the axon in accordance with the "potassium out”
curve. To the left of the sodium dip, the (Na+ ) current in is much greater
than the K+ ) current. As a result, the voltage rapidly rises to 100 mille
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volts above the resting petential. To the right of the dip, the potassium
ions are small excess to the sodium ions, which marks the slow drop in
voltage.

2.3.4 Electrode

There are many types of electrode that will be used to detect the
biopatintial signal .In this project we will use the skin surface electrode.
This type of electrode is defined as a bipolar electrode. The surface
electrodes are not expensive. The problem with skin surface electrodes
is that they create sometimes an unstable contact. An unstable cantact
causes potential motion artifacts. It could also add thermal noise to an
EMG signal and we will correct these problems by using ahigh
impedance electrode that help prevent thermal noise problem. To avoid
unstable skin contact the electrode must be placed firmly to the skin. Te
secure the electrode contact ,the electrode that has an adhesive surface
is selected for this EMG amplifier. These electrode will be put on the
upper and lower of the muscle biceps and triceps to detect the electrical
signal from these muscle contraction .
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Fig (2.6) The equivalent circuit of the electrodes
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3.1 Block Diagram

Measured i d
ectrodes Instrumentation
(EMG) <
| Amplifier
Precise half-

Band Pass Filter Gain Amplifier

—»  wave rectifier

Mator driver
Comparator i PIC . circuit
Microcontroller
Stepper motor Prosthetic hand

—_—

As a result of contraction and relaxation the muscle the ion signal is
generated, where this signal is detect by electrodes and converted to an
electrical signal , The instrumentation amplifier will connect directly to
the electrodes, this instrumentation amplifier take the difference
between two electrodes and take this difference and amplify it .

We use the Band Pass Filter circuit that will passes only the frequency
with limited range , and reject frequency outside of the range .
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We need to amplify this signal so we use gain amplifier , After
amplify the signal , we will use the Precise ~half wave rectifier and
comparator circuit to convert the electrical signal to pulse wave
‘Because the ( PIC ) is operated by the pulses wave signal only, This
signal passed to PIC and connect the crystal on pin 15,16 for control in
the time of prosthetic hand movement .

After that , The signal passed to stepper motor and connect it with
prosthetic hand .

3.2 Element Explanations

3.2.1 measuring EMG signal

In this project we will use the (biceps and triceps) muscles to
detect the electrical signal from it, every muscle alone, then we will
process these signals by interring them on the EMG processing circuit
‘we will detect the electrical signal from the electrode that we will put
the electrodes on the surface of the muscle, the fig (3.1) will show the
these muscles.

The EMG signal range in frequency between & to 30 Hz and
interval of 3 to 10 millisecond and the amplitude between 20uv to Smy

Fig(3.1) Biceps and triceps muscles 16}




3.2.2 Electrodes

In our design of the EMG circuit , we will use one type of many
types of electrode, we will use the {Ag-Agcl) electrode, the reason for
using this type that their performance such as high sensitivity and high
accuracy of detecting signal .In this project the electrodes will be put in
five different places to detect the electrical signal from the muscle .Tow
of these electrodes are put above the biceps muscle ,one on the upper
part and the other an the lower part of muscle. And tow electrodes will
put above the triceps muscle as same as biceps , the fifth electrode will
be used as reference electrode and will put on any place on the body
such as the other hand .

Fig (3.2) Ag-AgCl electrodes

Let the signal is appear after using Ag-AgC! electrodes is same for
FM wave signal at amplitude 0.4mV and the frequency is 15 Hz , Until it
is clarified electronic circuits used in the project after making the
appropriate magnification on electronic circuit at every step .
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Fig (3.3) FM wave signal




3.2.3 Instrumentation Amplifier

EMG signal it is very small in amplitude and needs to amplify to be
suitable to use ,this amplification is done on multi stages , in our design
we will use an instrumentation amplifier that will connect directly to the
electrodes, this instrumentation amplifier take the difference between
two electrodes and take this difference and amplify it ta be an electrical
signal that will be developed and generated from contraction muscle.

The Instrumentation amplifier circuit contains two stages , it is
found on IC (AD620) that used in this design ,this IC have many
properties noticed when we use it as an instrumentation amplifier such
as:

1. High input impedance and low output impedance

2. High common mode rejection ratio (CMMR), at remove the small
voltage noise, it is passed by electrodes

3. High accuracy that requires only external resistor to set the gain of
circuit

4, low caost

Fig (3.4) Instrumentation amplifier ( AD620 ) 5




The signal is appear after using AD620 at gain equal 10
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Fig (3.5) AD 620 signal

3.2.4 Band Pass Filter

Band Pass Filter is a circuit that will passes only the frequency with
limited range , and reject frequency out side of the range , in our design
we will use second order band pass filter (active filter) with one
operational amplifier type ( IC 741) to limit the band width of frequency
between ( 6 Hz - 30 Hz ), and the operational amplifier must have
gain equal (10).
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Fig (3.6) Band pass filter ©

27




The signal is appear after using Band pass filter at gain 10
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Fig(2.7) band pass filter signal

3.2.5 Gain Amplifier

In our design we will use non-inverting amplifier, this amplifier is
used to amplify the EMG signal on final view to make the amplitude in
voltage , this amplified stage will have gain equal (120) , we will use in
this circuit IC ( 741 ) to amplify the signal.

The signal is appear after using Operational amplifier at gain equal
120
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Fig (3.8) Operational amplifier signal




3.2.6 Precise half-wave rectifier circuit

The circuit above accepts an incoming waveform and as usual with
op amps, inverts it. However, only the positive-going portions of the
output waveform, which correspond to the negative-going portions of
the input signal, actually reach the output. The direct feedback diode
shunts any negative-going output back to the input directly, preventing
it from being reproduced. The slight voltage drop across the diode itself
is blocked from the output by the second diode.

The second diode allows positive-going output voltage to reach the
output. Furthermaore, since the output voltage is taken from beyond the
output diode itself, the op amp will necessarily compensate for any non-
linear characteristics of the diode itself. As a result, the output voltage is
a true and accurate (but inverted) reproduction of the negative portions
of the input signal, Thus, this circuit operates as a precision half-wave
rectifier.

If you want to keep the positive-going of the input signal instead of
the negative-going , simply reverse the two diodes, The result will be a
negative-going copy of the positive part of the input signal.

The signal is appear after using Precise half-wave rectifier circuit at
Cut off the negative part and keep to the positive part from the
operation amplifier signal .
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Fig (3.9) Precise half-wave rectifier signal




3.2,7 Comparator circuit

Below are some examples of 741 IC. based circuits. However, this
case the 741 is used as a comparator and not an amplifier. The
difference between the two is small but significant. Even if used as a
comparator the 741 still detects weak signals so that they can be
recognised more easily.

A ‘comparator’ is an circuit that compares two input voltages. One
voltage is called the reference voltage (Vref) is used to determined the
amplitude and duration for the pulses, and the other is called the input
voltage (Vin) .

The signal is appear after using comparator circuit
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Fig (3.10) comparator signal

3.2.8 PIC Microcontroller

The microcontroller it's a device that will be able to control
hardware component by programming it using different language |,
there are many type of microcontroller in the world many language of
programming these ship, microcontroller are made by numerous
different manufactures. Different microcontroller are used in many
applications on our life and the maost commaon used family are ( PIC16F )
and ( PIC18F ) . In our design we will use PIC16F84A microcontroller
which can be easily interfaced with the chopper from it's output by
using specific software writing in HEX language , the software will be
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written using HEX language because this language is assembly to
understand from the chip and programmer,

PIC16F84A microcontroller

RIS e sn(r]® S

RA3 == [7] +—» RAD
RA4/TOCKI <[ -  [B+— OSCI/CLKIN
LR —— [ E 7 — 0302 /CLKOUT

V3§ —= [E = T4 +— YD

RBO/INT +—= [ T e— RBT

RB! «—w[7] =  [@~—» RBB

RB2 <—n [F] T +—» RES

RES «— [T T «— RB4

TOP WIEW

Fig(3.11): PIC16FB77 microcontroller Pins
From data sheet

In fig{ 3.11) , we will see the pins of microcontroller ship , in this
figure we will see the pin that will use as an input and pins that will use
as an output of the data to use it for microcontroller .

We will Connected the crystal (4MHz ) on pin {osc2) in PIC
microcontroller for input the signal to crystal and control in the time of
prosthetic hand movement , and return the signal to PIC on pin (oscl).

AH=
:_Ej:—'._ 0sct

";J;' r'r——l_—l—m R B
B Tt

Fig{3.12): connect the crystal on PIC 16F84A
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We will connect the contral circuit in the speed on pin RB7 and pin RB5 .

This is the circuit which controls the rotational spead of the motor.
TR1 becomes ON condition when RB7 becomes H level (the capacitor is
discharge) . In this condition, the electric charge of capacitor C1 flows
through the transistor and the voltage of the hoth edges of the capacitor
becomes 0 V almost.
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Fig{3.13):a- Control circuit in the speed of mataor

When RB7 becomes an L level (the capacitor is charge) , the
transistor becames OFF condition. In this condition, the electric current
flows through Rv and resister into capacitor and the charging to the
capacitor begins. The voltage of the both edges of the capacitor
becomes high gradually as charging is done.
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Fig{3.13):b- Control circuit in the speed of motor

The voltage of the capacitor is detected by RB5. The software of
PIC interrupts the control of the motor until it checks RB5 after making
RB7 an L level and RB5 becomes H level. When making the value of VR1
small, the charging time of the capacitor is short and the control of the
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motor becomes quick. The control of the motor becomes slow when
making VR1 big.

Features of ( PIC1G6F84A )

® High performance RISC CPU.
e Only 35 single word instructions to learn
e All single cycle instructions except for program branches which are
two cycle,
e Operating speed: DC - 20 MHz clock input
DC - 200 ns instruction cycle
» Up to 8K x 14 words of FLASH Program Memory,
Up to 368 x 8 hytes of Data Memory (RAM) .
Up to 256 x 8 hytes of EEPROM Data Memeory .
¢ Pin out compatible to the PIC16C73B/74B/76/77.

Fig(3.14); PIC16F84A microcontroller '

3.2.9 Motor driver circuit

This is the circuit which drives the coil of stepper motor. There
are circuits which drive 1 coil, 2 coil , 3 coil and 4 coil respectively.

Darlington connection-type transistor is used for the drive of the
coil. As for the Darlington connection , 2 stages of transistors are
connected inside in series .

The diode to be putting between the collector and the power is for
the protection of the transistor. When the transistor becomes OFF from
ON, the coil of the motor tries to continue to pass an electric current and
generates high voltage. An electric current by this voltage is applied to
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the diode and the high voltage which applies over the transistor is

prevented.
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Fig{2.15): control circuit in two cail in the stepper motor

3.2.10 Stepper Motor

Stepper motors aperate by sequentially energizing coils lacated in
the stator. Depending upon the stepper motar's type: variable
reluctance, permanent magnet, or hybrid, the rotor contains a toothed
soft-iron core, permanent magnets, or both, What sets a stepper motor
apart fram other motor types is the ability to step (or turn) its rotor in
small, precise increments and lock it in place. Three configurations are
typically found for wiring a stepper motor’'s windings; variable
reluctance, unipolar, and bipolar.

Each configuration requires different drive circuitry and its
associated method of control. This application report focuses on
controlling stepper motors with bipolar windings. Bipolar stepper
motors are driven using an H-bridge circuit since current flow is bi-
directional through the windings. Based on its internal winding
resistance, stepper motors are rated for maximum current at a particular
voltage. Maximum torqgue is developed when maximum current is
flowing through the windings.




Operating at this voltage, however, is inefficient due to the ramp-
up time it takes for current flow to overcome the winding's inherent
inductance. Applying a voltage much higher than it's rated for to a
stepper motor reduces this ramp-up time. To do this without
overheating and destroying the motor, however, the winding current
must still be limited to its maximum rated value. This is dene by using a
chopper circuit which controls the ratio of winding current (on) time to
(off) time once the maximum current level is reached. In our design we
will use stepper motor type (425PM-24DCZA),this type of motor will
have a 2-phase unipolar PM type stepper motor with 48-poles.and the
Step angle will equal (7.5 degrees ( 360 degrees/48 )) and the Coil
current:250mA(5V)/2 coils .

Fig[3.16) Stepper Motor™!

3.2.10 The Prosthetic Hand

we will use Prosthetic hand ,it is made of Reinforced plastic
material and it should be similar to the neutral hand ta be
acceptable from the patient and it will have many properties
that make its able to be used.




3.3 Power Supply

We will use the battery Svolt and battery 12volt .
The battery Svolt is used in PIC microcontroller and the battery

12volt is used in other circuit in this project ,and the current is 250mA
(because the current in the battery is equal 250mA).
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4.1 Electromyogram Circuit

4.1.1 Electrode

The fig (4.1) shows the places that we will put the electrode on it,
the place will be on the surface of the biceps and triceps muscle, and it
will be on the upper part of the muscle and the lower part of the muscle

Fig (4.1) The place of electrode on the biceps and triceps muscle™”

4.1.2 Instrumentation Amplifier

Fig (4.2) (AD620) Instrumentation amplifier

AV ={49.4 KQ /Rg}+1
We used gain equal 10
RG=5.48K 7 , is used to control in the gain
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4.1.3 Band Pass Filter
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Fig (4.3): Second order band pass filter (active filter)

Av = (R11/R12) +1

g = R11\R12

Rang of frequency for band pass filter (6_ 30 Hz)
Suppose R11=120KQ , R12=13KQ , R10=13KQO
Fe = 1/ (2nR10C1)

6=1/ (2#3.14*13K0Q*C1) .ovrvvvrernne Cl= 2.04uF

Fa= 1/ (2nR11C2)

30=1/ (2*3.14*120KQ*C2) eoorero..... C2= 45nF




4.1.4 Gain Amplifier

| gain amplifier

174
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Fig (4.4): Gain amplifier

Suppose R14 = 1K0) , R13 = 118K0
Av =(R13/R14) +1

Av=(119/1)+1 ......co.... Av = 120

A0




4.1.5 Precise half-wave rectifier circuit

topul ms output

o M2
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Fig (4.5): Precise half-wave rectifier circuit

R15,R16 = 1KQ

We used R15 equal R16 until the output voltage is have the same of
amplitude for input voltage

4.1.6 Comparator circuit

o
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Fig (4.6): comparator circuit
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R19=R20=10KQ

R17=1KQ

Vref = (R18*R17/R17+R18) * V cc

Let the amplitude the pulse is 1.1volt

1.1 = (R18*1KQ / 1KQ+ R18)*12.........ccvvcimiienens R18=1000Q

We used the transistor and R19,R20 ta make the pulses at same
amplitude .

V out =5V is amplitude of pulses

The image is appear after using comparator circuit in the project .

4.2 PIC Microcantroller
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Fig(4.7) PIC16F84A microcontroller Pins




4.3 Motor driver circuit
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Fig{4.8) Motor driver circuit

D1=D2=D3=D4 =1N914
R23=R24=R25=R26=3.3K0
Q1=02=03=04=05=06=0Q7=08= 25D1209K

this circuit we will connect to the stepper motor ,the R23 to R26
we will connect to RAO to RA3 of the PIC microcontroller, will be control
the position of movement of the stepper motor.




4.4 Stepper Motor

Fig (4.9): Stepper motor type(425PM-24DCZA) !

The most low speed : 27 rpm
The full speed : 128 rpm

Feature of this type stepper motor

it's a 2-phase unipolar PM type stepper motor with 48-poles.

Step angle is 7.5 degrees ( 360 degrees/48 )

Drive voltage equal (5v-bv)
Coil current is 250mA(5V)/2 coils

4.5 The ProstheticHand

It’s a device that we will use in our project that will be same as the
neutral hand , this device movement depends by the stepper motor
movement . the stepper motor will connect directly to this device and
move it on different position as the position of the motor .
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This device have many properties to be able to use in this design this
properties will be :

1-low cost .
2-heavy ,low weight to be move easy .
3-biocompatible form .

Fig(4.10)Prosthetic hand




Chapter Five

Testing and Implementation

5.1 Results
5.2 Conclusion

5.3 Suggestions

5.4 final project circuit




5.1 Results

1 - Implemented the muscle zoom signal circuit, and the resulting after
the zoom signal is the same signal reguired.

2 - We faced some problems in dealing with PIC in terms of connectivity
and programming.

3-Using the electronic circuit instead of switch to stop the work of the
prosthetic hand .

4 - Used transistor 25D1853 instead of 2SD1209K transistors, leading to
not move stepper motor .

5-Use a variable resistance R18 to be controlled in the value of the
duration pulse .

6 - High temperature regulator because increasing the loads .

5.2 Conclusion

1 - Prosthetic hand the hand that can help patients who suffer from loss
of part of the hand.

2- Design a simple can help the patient to do his work.

3- Prosthetic hand can be maved up or down .

5.3 Suggestions

1 - The possibility of moving the fingers by taking the signal from the
muscle of the hand .

2 - The possihility of taking the signal from the brain

3 - the possibility of using another PIC in the project to facilitate the
delivery process and programming .

4 - The possibility of using motor is moving at an angle different from
the angle used in the project




5.4 final project circuit

B
N

L]
1 Ay

(5.1) final project circuit




Final project image

Fig (5.2) final project image

43




References

1-scott K. Powers . Edward T. Howley, Editor . " Skeletal Muscle —
Structure & Function ",Seventh Edition.

2- Wilson, R.S., James, R.S., Johnston, I.A. Thermal acclimation of
locomotors performance in tadpoles and adults of the aquatic frog
Xenopus laevis, 2000.

3-John A. Faulkner, Lisa M. Larkin, Dennis R. Claflin and Susan V. Brooks
" Age-related changes in the structure and function of skeletal muscles",
First Edition ,2007

4- Floyd "Electronic devices " seven edition

5-John D.Enderle & Susan M.Blanchard & Joseph D.Bronzino ,
"INTRODUCTION TO BIOMEDICAL ENGINEERING" second edition.

6- Encyclopedia of Medical Devices and Instrumentation Second Edition
,Volume 2, Editor-in-Chief John G. Webster.

/-Biomedical Measurement System, KL-720, Experiment Manual.

8- Robert Lestad, "Electronic Devices and Circuit Theory" Third Edition.
3- Richard Valentine ."Motor Control Electronics Hand Book”

Websites:

10- http://www.unmc.edu/physiology/Mann/mannid.html

11- http:jfwww.aIlposters.cﬂmf—sp;’Bi:eps—CnntractEd-Triceps~HeIaxed-
Posters_i4258690_.htm

12- http://www.aaroncake.net/circuits/stepper.asp
13-http://www.purdue.ed ufdiscoverypark/PLM/SME/robotic-hand.pdf
14- www.project.irone.org/stepper-motor-controller

15- www.electranics-diy.com/electronic_schematic

16- www.hobby-electronics.info

17- www . datasheetcatalog.com




Figures:

[1]Imageanurce:http:/{training.seer.cancer.guv{moduIe_anatumw’unitd
~2_muscle_structure.html| (23-3-2011)

[2] http:fjnat:hem.wurdpress.cnm{?ﬂﬂ&;’l1!23}'mut|::-r-unit—
rer:ruitrnEnt~5trategfes-during~dEep-muscie-pain! (23-3-2011)

[3] http:,Uzlrhrvxr.cu.ccf?s=sFDlw5fGyTHpsNUcW%EBxlu DF9CxG7AX34a
SFMQ7%2BNjhPt332g5SvC1olYnNDIOBESF 1g%30%3D (24-3-2011)

[4] http://in.physiology.org/content/95,/2/1134.full [25-3-2011)
[5]http:.r‘;"physiume.urgjmudelfdcku.php?idzCElI_Phyﬁinlngv:ﬁ.ctiun_put
ential:ten_Tusscher_Nnble_Nc:-bI'E_Panfiluu_ZUG-i:mcdei_detail (25-3-
2011)
[E]http:ffwww.:lipartmnnsterc!ub.cnm;‘clipar't,"medical~clfp~art,’biceps—
and-triceps-16041.html (14-4-2011)
[?Ihttp:ffww.r:hinagauze.cc:-m!instrumEntKECG%Eﬂelectmdex’munimrf
ng.htm({14-4-2011)
[8]http:f,:"www.antury.net,n’publicaciones{puhlFtacion%ZDadEEﬂfpublicac
Ion%20ad620.html {14-4-2011)
[9]http:,f,.’hossainhere.wnrdpress.cnm;’?ﬂlﬂfﬂ?{lg,’bandpass-filterf
(27-4-2011)

[10] http://www.piclist.com/images/www/ hobby_elec/e_pic6_13.htm
(30-4-2011)

[11] http:,’z'www.piclist.c-::rm,r'imagesfwwwfhnbby_eIec!e_stepél.htm
(27-4-2011)
I‘ll‘]https:,!!www.aﬂinstruments.cum}'snlutinns!experimentsflabchart_e
xperiments;’ful!.php?exp_id=235&5ectiun_id=25&group_id:5&name__fd
=304&template=teaching (27-4-2011)

[13] http://www.almohandesen.org/vb/showthread-t 1013.html
[14]http:,ffwww.aIardha.cnmﬁnrums;’shuwthread.php?t=128?9 (27-4-
2011)




Appendix
A

Definition




Biceps and Triceps Muscle

The triceps is an extensor muscle of the elbow joint, and is an
antagonist of the biceps and brachial is muscles. It can also fixate the
elbow joint when the forearm and hand are used for fine movements,
e.g., when writing. It has been suggested that the long head fascicle is
employed when sustained force generatian is demanded, ar when there
is a need for a synergistic control of the shoulder and elbow or both. The
lateral head is used for movements requiring occasional high-intensity
force, while the medial fascicle enables more precise, low-force
movements.

Electromyography

Electromyography (EMG) is a technique for evaluating and
recording the electrical activity produced by skeletal muscles. EMG s
performed using an instrument called an electromyograph, to produce a
record called anelectromyogram. An electromyograph detects
the electrical potential generated by muscle cells when these cells are
electrically or neurologically activated. The signals can be analyzed to
detect medical abnormalities, activation level, recruitment order or to
analyze the biomechanics of human or animal movement.

Electrode

An electrode is an electrical conductor used to make contact with
a nonmetallic part of a circuit (e.g. a semiconductor, an electrolyte or a
vacuum). The word was coined by the scientist Michael Faraday from
the Greek words elektron (meaning amber, from which the word
electricity is derived) and hodos, a way.




PIC Microcontroller

PICis a family ofHarvard architecture microcontrollers made
by Micrachip Technology, derived from the PIC1640 originally developed
by General Instrument's Microelectronics Division, The name PIC initially
referred to "Peripheral Interface Controller". PICs are popular with both
industrial 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.
Microchip announced on February 2008 the shipment of its six billionth
PIC processor.

Stepper Motor

A stepper motor (or step motor) is a brushless, synchronous electric
motor that can divide a full rotation into a large number of steps. The
motor's position can be controlled precisely without any feedback
mechanism (see Open-loop controller), as long as the motor is carefully
sized to the application. Stepper motoers are similar to switched
reluctance motors (which are very large stepping motors with a reduced
pole count, and generally are closed-loop commutated).
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Typical Characteristics @ +25:c. v, = +15V, R, = 2 k02, unless otherwise notad)
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Figure 33, Simplified Schemetic of A05I0
Flaura 310, Gain Nanlinearity, G = 700, A, = 70 &Ll
(TGO UV = 10 poml THEQRY OF (IJPERATION
e ALIGZD js o monclithic inssremenmation ampkiier based on
u midificatioe ol the clusgc three op amp spprosch. ..Lal_'-'r:
wikne trimming allows the vser tor program gain acsarardy (1o
0.15% ae G = L0} with only one resiszor. Menalithic constrac-
tion end laser wafer tmmming allow the pghe maiching and
rrackmg of circar componenii, thue cnsormethe hagh level of
pedformence ipherent 1o this cirowit

He mput traemislors 01 aed QF provade a sivele diferencicl-
paur mpolar anpur for high precison (Figure 473, yer-offer Tk
lower Input Bras Curreet tambes o Supedlete procesing, Feed-
back theeuph the (J1-A1-R1 lsenand the O2-A3-[2 oo maic-
izins constent colicctor carrent of che mput deviees Q1, G2
theceoy npressing the Inpet voltage acooss the exiernal gain
sertting resistor By, This creates w differsntial guim from the
ionpes o the AlMAZ outpos 2iven by (3= (R] + BEVE- + 1

The voiy-gam subirscier A% remeves say somenon-rmede sg-
nat: ¥ielding 5 eingle-ended mutput referred to thie RIIF pin
pocnal.
e A e T P P . 1 g v & 5
; r*"“'l:? J‘T‘;&"‘&'” Moniinsaciy, G - 1000, £, = 10 k2 The valuz of Ry alzn dezerminis tha rransconducrance of the
ml =100 ppem) proump sage. A Ro 18 meduced for lenger gaing, the tanssen-
ditcrange increases asymproncally o thar of fac inpob wimsetors
aky ";‘.’ atkil Thivhay three important mbvantages: (g Open-loop gaiy i
PUT =4 g S—— bonsrzd forancreasing |'IT'I"TFI'I'TI'I._|‘| TaIm, th I TD ing wam-
i il reloied egzors. () The geis-bandwidth produst (determined by
¥ L iy €1, (2 and the preamp .rans::*.ndu..&::cc'; incroascs with pro-
B g = 5 gmimmed gein Uy vptimizicg regoency responye, (o) The
B | 2\:"‘ inpur volrage noiae in rednced to 2 value of B nViHz deters
i) ?"‘"‘" ; T mimed rpandy by e collsvior cantent und Boase retistance of e
_‘_ Bt o Sy B E it devices
q ;... ADBID = The= mnternal gadi secistors, B and B2, are-trirmmed- 1o an absc-
i 'f;;f L ute value ol 24,7 kil allenng the gain to by progrenmed
. f ;
: § aocurately with o singls external 1egistor.
& e The grin coualon 1 thin
= s Ak o) Rkl
“ALL RESISTORS 1% TOLERAMCE lr= T +1
g
Figura 32, Samling Time Tast Circuif s g
e 40,4 kL
r G l
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Muke v, Buy: & Typicul Bridge Applivation Error Budget syureins, abeolure scebtacy sndd diift ermory sre by far tha mow
The ADE2ZD affers imatoved pesformance sver “homebrow” sigmifiven: venicbuters to error, In more cemples systemy with
threc-op emp LA designs; elong with smaller dee: wer conme- an intellizent processor an maegninumozern cyele will emove 2l
nents and 10w lower sappiy current [ thin rypical apphicaton, abiivlute seturscy amd deill errore leuving vnly e pesolution

shivamt o Fiyure 32, 6 pateraf 100 i reguived o ampdify e bridge arrore of gain nontnsanty and noiee, thos allowing full Td=her
output of 20 mWV tull scale over the industzel Temperaiure TANES dvCuELY.

of "G 1 +B5°C. The erros budysl Wile Selow shews 20w 18 a0 tar for the homebrew sircuir, he OPO7 specifications for
culculore the effect warions eror soutres have An P ACCATECY, input voltage offict and paise have been mulriplied by~ 2, This
Regardless of the syster in which it &5 being uerd, the ADGID ig hecauss | tnree op smn Type f-smin has teo opomps at s
prowides presrer geraracy, ind o7 low power and price. msimple  inputs, both cantriboting e the oversll input smor,

Rl

“HIACRFTT 1% AFEIETOR, APFMSC TRACKNG
SUPPLY CLREENT » 11md, MAX

SRFPLY GUEMEN | = 130 WAk

Figure 54, Make vs. Buy

Tahle I. Make ve. Huy Error Budeet

AD&20 Circult “Humehrew™ Cirvsit Heeer, e SCEGL Srals
Error Source Culoutiniom Calculation A2 Homebrew
ABRBOLLTE ACCURACY w1 T, — +35°C |
Teapraat OnTret Viohtapa, gy | 125 J¥/20 m¥ 150 '.'f_].-ln mY G270 IOLEDT
Dutpur Uffeee Yolbage, jv | L0 VDD mV (TS0 IV s 2100320 mVF =0} 156
Tazal OFset Cullent, nA Fodox 380 000wV ihnA ¥ 350 L0 mv B 51
CMR, dib IO dB—as 6 ppmn v 5 VLMY | (02% March =5 Vi20 myHn0 Tl =1L
Tatal Absalite Brrop 7584 11,300
LRIFL TO =857 _
=in Drifr ppm =0 {5 ppm + |0 ppand & BIPC 130 pom® G Tk #6000 3,00 & 000
lapul OiEet Viliage Dﬁﬁhp‘ﬁ"‘{' { 1 “\-'_F"{: w BORCLA0 mWV T s R RO 2 e LRI 160K
Cutpet Offret Valtagpe Dl uVEC [ 15 g A IR0 mY ey T o e e R 1 T e 450 130
Trulal Dol Ersue T.050 15,757
RESOLLUTION
e Munlicearity, pjm of Foll Scale 10 opm ; 4L pom 4 4l
I'rz €4 Ha- 10 Hi Volluge Nowe, Y pp | 028 ¥ pgfac mV . (038 2V 3 = VE)2Y mV 14 27
| Tonal Rasolation Eros 54 7
Granad Tta] Erzor € Wit TR 34

L= 100, ¥e==15 Y,

(AL ezrusy ere maemes ad pefered beamgat
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Figura 356. A Prossire Manitor Clreilt which Uperatse an 3 05 V Singla Supply

Fresyure Messorement

Adthough, wsetul in ooy badyge applicatdons such ae weips
calzs, the ADWG20 1= cepesially mairable fos higher resistance
srpdnume fergnre powered ol lower vilizges where small size and
ow powr boooms more spmifisant

Sirare 75 ghewvs 3 TED pressuce transducer bridge powered
toan +3 V. I such a eircuit, the boidze corrumes only 1.7 mA
Sddimg the AIYS20 and o bofFered voltage dividir allows the

gl 1o Be pupdinoned foronie 3.5 w4 of total sopply Cusfent,
il | siwe wed I enar minke the ATYE2D sspeclally aumuctive Tor
sitage oonpul pressure runsducers: Sinec i delivers low codse
e daill, i wall abso seree applications such uy dagnostc oon-
svaenfe blood prfssure weksurement

PATIENTTIRCUT
[/‘) PROTECTICHIZSLATON

I

&

B

Medical ECL

The low onrreal save of the ADEX) allows it ues in BOG
unemlurs (Pygare 6] whepe highisource mesistances of 1 MO o
higher are not unemisen. The ADSXE: lew pewer, low supply
voliage requirements, and space-savine B-lead mma-THP 504
SEMC packuge offerings maks it an excellens choice for Dotiery
pawered dara recorders.

Furthermere, the low bisy carenes-and fow current nose
coapled weith the low voltage aoise of the AD 823 Gigrovy the
dynarmic range for Beller perfirmanece

Tae value of capaciiur €1 1w chozen 1o maneaie stabiiity of the
right log drive loop. Proper sefepinrds, such s molsnor, must
be ndded to dils creuit tu provecr rthe patient o pussitle
h=rm.

] g B PL
P&ES 0w s —0 e
FILTER | -~

HFTPUT
AMDLIFICR

Figure 36, A Medical ECG Monitor Cireuit
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ADG20

Precizsion V-1 Canverter

The ATIG2D, wlooy with anorhér op dmp and two resioes, e
& precigion current goute (Figuee 37). The op amp balfees the
refezence terinal W mairrain good CME. The sunt vitage
Wy of the ADMWED sppeatt-across R1, which eonverts ft 10 &
cumrent. This curzent less only, the pu: biss carenr of the op
wmp, then thows out to the loml,

b

@

Figure 27, Frocision Volrege-ta-Current Converier
(Dporates on LEmA, £3 14

(K] E;u.ll"t‘ml—h".._ll i
L EE e

GAIN SELEGTION

T'he ADE20s galn ks cesistar progranuned Sy Rey, or mare pres
cikely, by wharever impedance appeurs borween Pins 1 and 8
The Al3030 s designod 1o offer 2ccurate g wsing U 15145
cesistors. Table I shows required values of Ko for various guing.
Mote that for G = |, thé By, pins az¢ ucconnected (R, = =), Far
Eny arbimary gain By oon be veloutured By using the formls:

48.4 40
G-1

1o minimize gain sero, avond bigh perssitc resisiznce in series
Witk By to minimize aain drift. B should have s low TC less
than 10 ppm™C--far the best perdfarmance.

Ry =

Tuble 1. Requlesd "-’a!um_s of Gain Resistors

1% Scd Takle | Calenlated 0.1% Sed Tahle | Caloulated

¥alue ol R, 1| (Gain Value of By, 1 | Gain
406k 1940 53k .02
114k 4084 124k 1.084
540k o.508 ek LT
ol k 1089 il b 1965
|.1H1 & 50,40 L0k RV |
v 1MLE 460 1000
140 1454 140 1004
100 495,00 IR LD
404 281A 4.1 1003

INPLIT AND OUTPUT OFFSET VOLTAGE
The low erruey of the ADB2D sre attributed t mwa soueces,
Sspul ans enpus errees, The outpor emror s divided by G when
eeferred to tie inper |0 prectice, the dnpul errors dominese er
high gains and the outpul errors deminate & low goine, The
tonal Vo for i given gam s caleolsied as

Tetal Ernor BT = input exrer + {output esran(s)

Total Exzer RTO = [inpu® crrors 0O + outpul arror

REFERENCE TERMINAL

The seference rerminal patenticl defines the sem output veltage,
anc is eepecially wselil whien e laad does net shiee s precss
groutd with the roat of the svstem, [ provides @ dinect means of
injeching a precize offeet o the-mput, with an ellowshlc rangs
of 2 ¥ within the sapply vollages: Parannc sesisrance should be
kept to= minimam for vpticum GME,

NI"UT PROTECTION

The ADG2C feuturcs 400 €2 of series thin Glm res STance Gl ks
inputs, and will sefely withsrand isput svedoads ofup i +15 v
or =60 ma forsevers! houes. This 15 true for all gains, and prower
en and off, which s particularly tmoorsint sinee the sgnal
source dnd smphfies may be powered separarcly. For longer
Lme perods: the eurrent should not exceed 8 mA (1o

Vrg 400 €2, For inpan overloeds bevond the rupphes, dumping
the irpute +7 the supplies (sing 2 low leakage divde such as ap
FI3333) will reduce the r2quired resistanss, vislding lower

DOFRE.

RF INTERFERENCE

Al s trumentznan amplifces s zecaiy punof band sigmels:
and when amplifving smal sigrals, these recificd voltopes act a3
smell de affset errors, The ADS20 allows. direct acoess Lo the
inp ransistor bascs and emittess snabling the user o apriy
sume firse reer filtering tu anwanted HE sgnals (Figure 38),
where KC = 1/(2 nd) and whare 12 the bardwidsh of the
ADE20; C =150 pF. Matching the EATANECIS SADACREnUe 3t
Pie I end 8 und Pne 2 and 3 helpe te siaintein beh CMER,

e
we b L[ [ 5

|L||L||_‘.“_'l';|

[ |

Figure 38. Circuil lo Ateauata BF intérfersiics




ADG20

COMMON-FMODE REJECTION

netrumernistion emplifies lke the ATGI0 offer high (SME,
shichie a mensure of the change in owrpu wolage when buth
apure are. changed by gual amounss, These specifications are
weuplly given for s Fall-ranps inpur valrage change and -4 speci-
fed gonrce imbalance.

Faor optimal CMB the referénas rerminal showeld be t=d (oo low

mpedsnze point ol dilferences in copacitnce and resistanse
ihoield be Jeapt 1o 0 mimimnm beswoen the e inpais In maoy
spplicasons shivlded cebles aee used o pinimize nosg, and for
st CME over frequeney the shicld shouid be properdy doiver
Figures 3% and 40 show active data geards that ere eonfigored
o (Eprove 3¢ commeti-piade r2jeenians br Yhootrapping” the
cipacitanees of input cable slmelds, trus mininizing the capaci-
snce mismatch borween The mputs,

Figure 44, Common-Made Shield Drivar

GROLNINNG

Biger the ADGA0 walpal weltags 5 daveloped swith tespect 10 the
potental on the reference rerminal, it can selve many mounding
problems by dply tvieg the REF pis to the sppropriare *iocal
gropd:”

In order to isolate fow Javel analop sipnals from s noisy dimtel
environmaont, many dati-acouwisinon cumpinents have separate
analog acd digrel ground ping (Higeee 41, Te segald be conve
nient i use @ sngls ground fne; aeweves, ourment throegh
growmd wires gnd P2 runs of the ciccait card can capse hnin-
dreds of milbvolis of error, Therg(Gre, scparats ground returss
shiould be peovided o0 punimize the current fow from the seng-
tve points 10 the svivem pround. Theose mround returps oost be
tizd jogethier at some polnt, uiually best i thz A pachage 2=
shown

[ AMALCG RS, |

|;:I.1'I.' o —may

OGIFAL P55,
L =0

Figure 41, Basie Grounding Praciice
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National
Semiconductor

LM741
Operational Amplifier

General Description

The LK721 soies are goncral purpose oparatonzt amplif-
Brs woich Teature imoroved odormance cvor industry slars
mms fike: the LM709, They are dissct, plugHin rsplacements

Alguesl 2000

outpul, no wich-up when - the common mods. reEogd s on
seaded, 25 we!l 28 freecor-fram oscilletions.

Tha LM781C e idenbical o the LMY/ M410 mocapt thal
tg LAY41C has fheir geromence guarantesd ovesa 0'C 1o

i E ins ~5E -125C
I I 709, LM201., MC1430 and 748 in most pplications. 0 = (o(pesiue rangg, instead of ~38'C-a <125
The amplifas cfer many fealunas whicn make their appli-
safior neary faolproot. averlnad protection on e moul and Faatums
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Typical Application

Offest Nulling Circuit

Ordar Number LM741., LA731./383, LM741CN
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Absolute Maximum Ratings (4= 2

I MusryAeTcspace specified devices are regulred,
plaase contact tha National Semiconducior Sales Offical
Disiributors 1or evailebility end specilloations.

LM741

(e )
LM7a14 LM731 LM7HE

Supply Volcogn TE2Y +zEV B3 HibYy
Fowes Dissipation [Nole 3) SO0 500 mi 00 mih
Differential Ispul Violtage B +300 250
Irigmat Saliage sMoied) 1oV +1BY 215V
Outlget Ehon Sicull Duration Conlinuwous Sanflinuous Corlinumue
Cieraling Tompemiune Ranga ~350 la-185'C -55'C te -185°C 00t TEG
Stomage Tomperadu Fangs G550l =150'C —E9°C e +150°0 —B6'C 1 -150°C
Jurestion Terpeatung 150°C ook 100°C
Salderireg Informmation

HW-Pockage {10 saoarnds) 2800 FECC 2600

J+ or: H-Facxage: (10 srennds) aou'c gmo'C 300G

M-Focazon

Vapor Prasc (60 seconde) 2150 S50 216°C
Irdtaron (15 soconds) 2150 2150 215°G

Sce AN-450 *Surtace Mounting Meiheds and TheT Efect en Preduct Rellability” for sthor mathacs of
goldering
surlace moun devices
ES0 Tolsrzree (Mote E) Agn 400y A0V

Electrical Characteristics ote 5

Paremeter ~ Gonditions LM7414 L1711 LM741C Unlts
Min | Typ | Max [ min | Typ | Max [ Min T'.r_p; Max
Irnoul Ullset Vollage To=25C | |
Ry < 10 kil 1.0 | 5.0 20 | @i | mv
Re = 3011 2.8 3.0 e
Tanaind = To = Tawe
Rg = 506 40 | [ mi!
Ra= 12 & £t 75| mvy |
_Awrﬂmge Ingut Clizet 1a [ [T |
Valaga Dt 8 { |
“Inaut Ctsal Valiage [ Ta =255, Vg =20V &0 =115 L my
Adiysimiaal Range |
“Inaut Offsal Gurrenl Ta=25C : au c1a | 20 | 200 20 | 200 | nA
Tamiin = Ta S Tapax - 10 5 | son - 300 i
Awerace Inpul Dssl 0.5 | A G
Currant Dl
Japul Hiae Gl Ta=25C . du BU B0 | EOG BD | BOD | rd
VT ke 2 TS T ehienne 3210 15 [ o8 | wa
fopurt Resslancs | Ta=250C, Ve="220Y 1L | 80 e | | sl 20| | wma
s = T = T 0z | - MO
Vo = & .
Input Yolzge Hanpe [Ta=23'C : ._:12 =13 !y W
i Fapiine = Ta= Tapax T =12 | =13 Iy 1
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Electrical Characteristics o= 5 (Cantinued

Parnrmatar Conditlons LM7414 LM741 L7 Unlte
Min | Typ | Macx | Min | Typ | Max Min | Typ Max |
Lasa Slanal Volags Gain | T, =E5'C.RA_=2 kD |
"f': = =200 \."Q ==1fV 50 Wil
Vy= £15V W, = =10V 50 | 200 20 | 200 Vi
Taaire 2 T % Tapans N
Ry 22 ki,
Vy= 200V, = 216V a2 Vimy
Vg = £16V, ¥y = =10V 23 15 Vi
U: = L&Y V‘; =42V 10 Wimy
Oulput Valags Swing Wy =20V
Re 2 10ka £18 v
R, 2 7 kil =18 W
W, = =15V
Ry 2 105k +12 | =14 12| 114 v
B, 22k +£10 [ 15 | +10 | £13 1)
Ciulnit Bhat Dircui T e g | =5 == a e ma,
Crsanl Tanding = T 5 Tanaax 10 40 ma
Commion-kinda Toinine 5 T € Tapaus
Rajection Rato Be <10 ka, Yo, = 12V 70 =% 70 =1 a5
P € 5061, Vi, = =12V a0 | a5 (!
Supplv Votane Aejection Lo ST E T Lo
Aafia Vg = =20 fa M, = £5Y
Re £ 500 AE | @8 o8
Re 2 10 kO i =1 77 | 56 d5
Trarslant Respansa Ta = 25°C, Unity GEin
Risa Tima 025 0.E 0 03 ue
Croarahont A0 20 5 5 Sn
Sanceidbn (Maota £) T =850 4371 15 JAk2
Slow Fetm T, =E55°C, Unity Gain o3 | aF mE | 05 WiLis
Supply Currsnl T, =85C L7 | 28 17 | 28 b
Powar Carsimption Ta="250
Wy = 200 ad | 150 . A
V.= 115 50 AE =0 BS ml
L7414 | vy = 120V
iT“'T“W"" 185 i
= e 135 M
LM741 (Vy=218v
FTa =T ED. | 100 i
i 45 | 75 A
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MICROCHIP

PIC16F84A

18-pin Ernhanced FLASH/EEPROM 8-Bit Microcontroller

High Parfermance RISC CPU Features:

Only 35 singie word insireclians 1o lsarn
All instructicas-singla-rycle sxcapl lor program
branchas which are two-cyols
Operaiing speed: DC - 20 MHz clock Inpul
B =200 ng inslructon cyche
1024 words ol jrogram memaory
BE byles ol Dals Fam
B4 bytes of Data EEFROM

« 14-bit wide instruction woras

&-bil wide dala bytss

= 16 3pacigl Function Hardware ranistas
« Eighkiavel daan nardwars siack

Diract, indirect gnc ralative addressing modes
Four intemupt scurcas;

= Exterrel R3WINT pin

- THMEQ Umer overlow

= PORTE=T 4= Intermipl-on-changs

- Dala EEPROM write complote

Peripheral Features:

= 13 WO pine with individual doecion oonlol

-

High cumenl sink/source for cirecl LED dnve
= 25 A sk s par pin

= 25 mA Bource mex. e’ gin

TMRT: 8- bit trner/counter with 8-bit
programmable pressalar

Speclal Microcontraller Features:

10,000 srase/write cycles Ephancar ELASH
Program memany yplcal

- 40,000,000 tyoleal erassiwrite cysles EEPRIOM

Drig pnermoly byohcel

EEPRCOM Data Retention = 40 years

« fn-Cireuit Serizl Programming™ [IC2P™) < via

twa plne

Power-on Reset (POR), Power-up Timer (PWET)
Qscillatar Slart-up Timer (GST]

Watchdeg Timar (WET) with fts own On-Ghip RE
Dacdlatar for ralabla oparsbon

Code prolachon

Fowar saving SLEEF mode

Sweluclabla oscillalor options

Pin Diagrams

PDIP. SOIC
L L e L] —— A
AT =T 2 17 =580
REATIC=—=T|3 | 5= OSCUELEN
MELA —=_| 4 ©  &]]—= DECHCLKOUT
s — -: - % E-ﬂ] — i
RIGINT = = |6 i B Rl
ROt = |7 B il = = R85
HEZ m—wm | |0 11| ——
RE3~—= 3@ B~ R
e ——— W
B50P
1 i
RAZ =—={11 —  oplie—e Eas
Rz —[1 7% 150 == RAD
SALMOCK! - » | |3 = 1E] = CECIMC LN
MCLR e [ [ 9 1= DSCHCLIKDUT
- - 160 ——vis
wag w8 o fE[Te—Nps
BEOINT =—=[]T P {d[] = A3’
R ——] 15— RBS
A w1 12[]=—»RES
SE3 =—=[] 10 ".E—I- = FiSd

CMOS Enhanced FLASH/EEPROM
Technology:

» Low powar, high speed tochnology
* Fully slabic dasign
= Wide operating vollzge rance
- GCommeroial 2.0V fo S

- Industral

* Low powsr comsumption
= <2 A hpical (@ 5, 4 M-z
- 15 pA Wypical &2 2Y, 32 kHe
= < (15 ph iypical standby cument @ 2

2.0V o 55
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PIC16F84A

1.0 DEVICE OVERVIEW

This documant contains device specific infemmation for
Ine operation cf he PICI8FE4A devics. Addilionz
infarmation may be found 8 the PICmicra™ Mid-
Range Relesance Mandal, {DE35073), which mey be
downigaded ffom the Microchip website: The Refer-
enca Manual shouls be considerad a corplemenlsry
dacumcnt 1o triis data 'sheet and & fighly récom-
marded reading for 3 battar undaerstanding of the
device architeclure 2nc operalion of the parpheral
mMoou B8s.

The PICIB-E44A belongs 1o the mid range family of the
PlCmien®™ misroconimile devices. A block diacrem of
the device & shawn-in Figure 1-1

The program mMemany conmains 18 words, which frans
a|s 10 122 Instruclions, since-each T4-hit program
memery wordis the same width a5 eech devica instrue-
hon. Tha oata memory (SAM | containg BE bytaz. Dats
EEFROM 4 54 byles,

There g 2lsy 13 B0 ping that are cser-configued o
A pin-lc-pin bass, Some pins s muliplexed with other
dewioa funaton:. These Tunolions noluda;

v Exlwrmat inlezripl

v Cnange an PORTR intarrupl

v Timerd clack ingnal

o 11 atails the pinoul of the davise wih CRsErp-
tions end details for sach pin,

FIGURE 1-1: PICi16FE4A BLOCK DIAGRAM
13 Dhats Bus |
La-= S = =
—_ﬁi I Lo "J‘-" - - 4 EERROW Dats blemary
FLASH o I
Program [
Meinary AL - EEFREM
o R a |
. & L ewel Stack I Eialetars s EEDATA: 5% Diata Meman
| #x 4 (13-bi) Flle Resghatears i
= Ga=a
I :
:ln.':gr-Jrn i1a = 3 ;
SHE ! TH.-" Ak Acdr - ccann
’ e e L
nereuecion Beapleter ‘;_"HJ-.-—MC_'_\ |
' 5,  DirsctAdde | JhIES.
‘5 |
| |
. f | RARTECKI
| || HR
! ‘. |
' z I} . ‘ .
ik £k
L
) i
‘ F‘f#.mr—i.p [| I Pt
G iy sl Il 2 _,.-" bl
Inesr ..-.-tnél:n B i ikt | : Sy . F . —
Dzooda W e | Star-up Timar k i
Conkol | A ALY y e
} Fows-on i _ LA RARRAD
| Rl | 7
= N
Tirmin Watchdog L |
Gsﬂarlsh:lr' L Tirmas ‘ \iﬁg f ?E
Fo & [ e =i |
| o || -=[X] moounT
X X X
DEoCLRCLT MOLR Vi, Vag
OSCTCLRIN
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PIC16F84A

TABLE 1-1: PIC16FE4A FINOUT DESCRIPTION
Fin Namo PHE::.P Eﬂ!’: E:» :F 1;:;2 E.rl:;:r Description
DECTCLKIN 6 148 18 | sSTioNOsE Dscllator cryslal inpulfarterms! glock sourca inpul
DSC2EKOUT 15 15 18 0 _ Uzcillator ::r'_r.r'slal cutput. Cannacts to orysmal or
resonater it Crystal Oscilletor modz, In RC made,
QS pin oulputs SEEOUT, which has 114 the
freguency of O2G1 and cenotes the instruciion
cyola rals
MCLRE 4 4 iF &T Mester Clear [Ressl) inpul/programming vollzge
Ingut This pin is-an active low RESET to the device,
| PORTA s a bixkracienal |0 port
FAQ 17 17 18 [ TTL
RAT 13 1B 20 =] T
HAZ £ 1 1 113 I'TL
RA3 2 2 2 ] TIL
a4 Tiie e a 3 o 143 =4 Can also e salaciad 'n hs the clocs Iapul o iae
T B timerfcountar: Oulpdt s open drain tyoe.
N I [ T POHTE is 3 bl-direstisnel 110 port, PORTE pan be
softwarz-orogrammed for intermal week pud-up o
Bl imilE,
{REQINT = g T [ TTLSTI RBOYIMT can &lso be selected &5 an exlerna
mterupt pin
IRE" 70 7 E o] Tk
|RB2 a | 8 B s} L
IR&3 s | 9 ¢ o TIL
RE4 10 10 i [ TIL Intermugl on-change pin
RES 11 11 T2 8] TIL [ri=muct-on=change pin
R=5 12 12 13 o TTLETE Intemuol onchango pin.
Swrial programming ook,
R37 13 13 14 =] TTLiaTE Intemuot-on-change pin,
Srrizl pragramming data.
Vas 5 3 SA | P —  |Grourd referencs for egic end 12 gins. =
VDD 14 14 1516 | P I F.nﬁ hm supply 'or logic and 1O pins
L=gend =input O = Output L0 = InputOupl F = Puee
—=Not used TTL=TTL Input ST = Schmitt Tgger input

Mzta 41: Thiz bufferis
2 This buffer is
3; This bufer s

a Schenift Trgger incut when manhgured a8 (A eitarial mlerop
a-Schmill Trgger incut when uged in a3l Programming mods:
a Schmitl Trgger input whean anhgured n RO oscllatar rods gnd 8 CMOS nput olhenwise.

OS350070-Fage 4
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PIC16F84A
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The Spacal

Special Function Registers

Furclion Fegislers (Sigure 2-2 and

Table 241} are used by ihe CPU and Periphera

lznntions

try - wondrad

registers are statlc RAM,

lhe devics operalon.

Thesa

The seedal Tuncion registers can be classiled nko twe
aala, s and perpbersl Thoae associaisd wilh the
core furictions am described In this sachon. Thoss
retatan n the opsssticn of the paricharal testuras ara
gescribed in the section for het specfic feature.

TABLE 21: SPECIAL FUNCTION REGISTER FILE SUMMARY
' Veluzon | gt
Addr Nama = 1 BitG BitS Bit 4 Bita Bit:2 | Bit1 BitD Power-an
| 4 an page
I REBET
Eank g ——
afn :Ih'I:F Uses contents of FRR 1o addrees Dala Memony {mol & ghysical regestar) @000 | === ==e- 1
Qi |[TMRO 18-54 Reai-Time Clock/Counter *xEk maExn | 20
Qza |POCL Law QOrder & bl ol the Progrem Counker (PC) ¢ocd DEBR 13
J3n [status®l | P | RP1 | RPO | O | FE Z | 26 | 6 lowes zex| 8
247 FER | Indirest Data Mamory Aocress Fomer & o — 1
237 |PORTAN - | - = | maaookl | RA3T | AR | RAT | RAD | -k osem| 18
JEn  FOi i HET 1B FExs FEd RB3 | =8¢ | AB1 | REUINT oo moos | 18
G = |Unmpsmenied ocaton, roed 25 ' B =
|08n  EEDATA EEFROM Dela Regisbor axax xxxx | 13,94 |
asn  EEADR ESPRCM Aol s Sogisres anan e | 13,00 |
dAh  POLATH - - — | Wyrite Butie- ey upper 9 bita of tha LM ~aonong |17
22h INTCON  BGE  EEE e WTE | RBIE [ TOF [ NTF | RRFE aona aoox| 10
Hash 1 d
RlR  [INGF tizes Soatends of FRER o address Dala Memory (nola physical reglatar) - 11
Rth | CPTION REG | REPU | INTEDE | TGEE | TOSE | PEA | PEZ | FE | PEO- (ragiogade | W
gih e | o# i @ hits 'of Program Caunter (PL 30038 0oat 11
Hih | GTATLE A P ne L mo | TO J_ an I F T T & |9h0t 9wys| B
B4h :!rE»H lidirect dats wemary sdar=ss pointer O KRER RekE 14
-E_:ul- IH!;-'\__ S — | s | =F |FC.IFITA Mata Nrnctdon Asnletar et 18
Beh  [TRISB FORTE Data Direcion Redgistar B 18
Bk - Unimpleriantad Aestion: raad ae ' = =
ESF  |ESCONY — [ = [ =] EF |[WRERR| WREN | WR | RO o%oa0| 18
EBh |EZCONZ EEPROM Tonlral Reyisier & (mota physica registas| e | T
CAR | PRLATE = — | = vl buer for uppe: & oits o the POY ce—popfgn| 1
DHT |INTCON GIE | ESIE | TRE INTE | RBE | TOIF | INTF | RBIF |ocoo caax 10
'L;agenn; = = urknowe, ¢ =unchanged, - '—'u Timplemandes, rasd a5 o, o = value dacends on condition
Hote 1: The Upperbyia of Ina program souster i pot dlreclly sccessible. PCLATH s a seve regisler for PO=158= Trio conlon's
of FCLATE can he trrrsfamed 1o e oposr bvie of the progrem cagnter, Eut the contents of PC=1E:8= are naver rens
ferraﬂ: F"Clﬁi'l-. e
2 Tne 10 &rd PD 318Ws 0/ |0 the STATUS register ang nob-affected by o MCLR Rose
3 Cther (o oowel-up HESE TS molude. exdernsl RESET hiough MELR ard the Wistchaog Timer Sacat
4: On gy devies S=5E |, Inesa ping ane: confifiared 26 mpuats
& This isthe valus thal wil be i the por ool st
e —

£ 2001 Mecrochep Technalogy Ing,
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PIC16F84A

TABLE 4.-2: FORTRB FUNCTIONS

| Mame Eit Buffer Type D Consistency Functlon
| RRCANT R TTLsET Inputowtpul oinoor extemel inkermust inpul.
‘ Interred soflwars pogremmable weak pullug.
| REA b1 L Inputioutpud pin, Intemel softweare programmable weak pull-up
| RB2 bz TTL Input'output pn, Intemal saltware pregrammabie weak pull-up,
!FE-_E_ o i3 TTL Inputiowrput pn, Intemal soltwans programmabs weak pull-up,
| REA bt TTL Inputtoutpul pn (with interupt-en-chenge). —
I Internal seftware grogrammablz weak pull-uc,
| B il TIL Inputicitput pin (with ntaript-=n-ckanze),
Intarnal scftiwara crogremimeabls wesh pull-uc.,
| RBE bits TTLSTE | |npattoupul gin dwith inlerupt-on-change).
Intermal softwara crogremmabls wesk pull-up, Serial programming clock,
E.’.’_ = Bt TTLSTI Imputiorpul sin (with inlgmipl-on-changa),
| | livbeerrial Sofbwane drogrammablc wesk oullup. Scrial pregramming das.

Legand: TTL = TTL mput, 3T = Seumnitt _ri;,p;n'.
Mote 1: This buffer s 8 Schmitt Trigger input whan configured ss the extarna intemrupt
2: This buffer 's & Schmilt Trigger input when ysed in Serlal Presramnting mods,

TABLE 4-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTE

i Value an Valus mn

Al i Manee B ¥ BitE Bit 5 Bit 4 Bit 3 Bk 2 Bit1 Bito Power-an gl ather
Reset  RESETS

[Tan BOATR ER/ | RBE | =B5 | REBA | RE3  ROZ | RB1 | RAQANT |sman xooc ougs Uuu
=3h TRIZE TRISRr | TRISES | TRISES | TRises | TRisEs | TrisEz [ Triser | TRise0 |azzz azazizai: 1:m
[#n DETION =5G | RaFt |MTEDG| Tocs | TosE | Faa | P52 | PS) ol aaaciEae i
SBnBE |INTCON GIE | EEIEL| TOIE NGRS LEBES TolE | INTRE | SERIE fonen cooxicoar sooe

Legerc: = =LUCRASWN, U = UNCRAnaec. Snacec cefls gre not gsed by FORTE.

NEAEN07TE-nags '8 & 2001 Miomachip Technalogy nc,




ﬁ’ TEXAS Application Report

INSTRUMENTS SLAAZZ3—November 2064

MSP430 Stepper Motor Controller

Erog Maman MaP430
ABSTRACT

This apalication reporl shows how e implement 8 contreller for 2 stepper moter having
bipolar windings using the M3P430F 123 along with a pair of UC3T 174 Sleppar Malor
Driva IC=. Source cods schamatic, bill of matedal, and boand layout files are provided,

1 Stepper Motors

Stepper motors operate by sequentially energizing ccils localed in the stator. Depemnding cpan the siepper
muolor's ypa, vanable raluclance, permanent magnel, or hybnd, the retor contains a toothad saf-ran core,
pemarent magnets, erboth. What sets 3 slepper motor apant from other mclor lypes = lhe abilily lo step
{or turn] its rator in emall, pracise incraments and |ock it in place,

Three configuralions are fypically found for wiring a steppar mator's windings, vanable relicisnce,
unipoiar, and bipolar. Each cenfiguration requires different drive cireuitry and its associated method of
control, This applicetion repad focuses on contreling sleppar motors with bipalar windings. Bipolar eteppar
motors are driven using an H-bridge circuit since current flow |s bi-directional through the windings

Beszed on itz intermal winding resistance, stapper motors are rated for maximum current at a particular
voltage. Maximum 1orgue s developed when maxmum current is lowing thraugh the windings. Cperating
al this vollage, howaver 5 neflicien! due te the ramp-up lime it tskes for current flow to overcome the
winding's Inherent inductance. Appiying a vottage much higher than i's rated for (o a stepper maolar
recicas this ramp-ug tme, To do this wilhouwl everneating and destroying ihe motor, however, ths winding
current must still be imited to its maximum rated valus. This is dene by using a chepper cirul which
controls the ratio of winding curant on time to off tima once the maximum cument level is reached.

2 Implamentation

2.1 Hardware

Figure 1 shows a block dizgram of the MSP430 Stepper Motor Controllar Bpard, Alihough any MSP430
varant could have been used to implement a basic stepper motor controller using Timer A, the
MSP430F 123 was chosen sinca il contains a hardware UART for serigl communications with a PG, Two
UC3TATA integrated circuils (ICs) provide tha mctar drive clireuitry. Fach LC3717A 1C conlaing one
H-bridge circuit for driving a single winding in a bipolar stepper motor. [he UGC3T17A also contains a
chegpsr circut limiting the maximom cumant ficwing through & maoter's winding, To reduce exlamal
component count, the protection dicdes required to clamp the inductive voltage spikes gensrated when
swilching current through a moter are also conlained within the UCS371TA.

SLANZES - Nowember 2002 MSFA3T Stuppuy Molur Confralier 1
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Stepper Motor

Figure 1. Block Diagram

Figure 2 shows a picture of the MEP430 Stepper Molor Conlrofier board, Figure 4 shows 1he schemalic,
Fort pins P2.0-F2.2 end P3.0-P3.2 on the MSP430 (LE) provide the control signals for the twe UC3T1TA
[Gs (W1 and US) Switches 51-54 provide the mpuls [ the MSP4A3D 10 conlrol Ihe slteppar motor. As an
altzrnative, the sfepper motor can also be cantrolled using a PC. A sedal esble ean be cannectad between
connector J3 and a FC's senal port, U3 provides the RS-232 line driverirecsivar requirad for laval-zhifting
the RX and TX signalz. Tha 32 kHz watch arystal, X7, provides the cleck scurcs for the MEP430's
hardwane UART. Connector J4 provides a convenienl way lo connect to & stecpar motor Connector J1
provides the JTAG connection far the MEP430 Flash Emulation Tool. BT power jeck J2 enables the board
o be powered by a +12V, 1.54 AD/DC adaptor. Balery holder B1 provides the uplion of powarng e
bosrd with-@ +9Y bsllery, Linear regulatars UE and U2 previde +5VDC and +3 AVOC respactively.
Jumpers JP3 and JP4 provide an easy way to massure system current and motor currant if desired,
Jumper JP1 provides an easy way 1o monitor the UC3T1TA canlrol signals with a scope, LEDs O and D2
are used to display cperating modes,

A few external companents are requirec by the UC3T1TA Stepper Motor Driver 1Cs. Components 510 and
R4 for U1 and CB and RS for US et the off time for the UC3T17A’s chopper circuil, Companenis R3 and
CB for U1 and R7 and C1Z for US form a low-pess filter to reduce swilching transiants appearing at the
input 1o the UC3T1TA's current sensorsection. Pamllal resisiors R and R2 for U1 and RS and BB for US
provide @ 1 ohm resistor for sensing surrenl lowing thrngisﬁh a slepper motar's windings. For a more
detailed axplanation, consult the UC371TA's data sheat ¢

2 MSPLI0 Siepeer Motor Controle: Sl ALFES- hovambar 2004
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Figure 2. MSP430 Stepper Motor Confroller Board

Soffware

Since mestof the coumplaxity with driving sieppar mators involves limiting the winding current through the
mular ind the U3717A 1 contalns hardware to do this, the softwars implementaton is relztively straght
farward. Far cantinuous mode cperation, the MSP430's 16:bit Timer A Is configurad to genarata an
intarrupt at the same rate as the motor is stepped. This is done by configuring | imer A for Up-mode 2nd
setting the maximum count in regisker TACCRD, Detailed information on Timer A operation can be foundg
in =, Changing the value stored in TACCRO changes the stopping rate. Stepping period equals 1/SMCLK
freguency times the valus storad in TACCRO. During the Timer AD intérrunt servioe routing ISR} a slate
ble lookup is performead to retrisve the next output state far the & part pins controlling the two UG371TA
devicas Tha porl ping ars then updated and the sizte table index Iz Incrementad. Diffarant slals lables sre
Lsad depending upon the direction the molor is slepped as well =5 the mode of oparation: ful stepping or
hal*-stepging. Figura 3 shows the stepping sequsnces for the various steoping modes and directions.
Uuring ull-stepping 10 and 14 are held at & constant logis & stals,

SLAAZZE Nowember 2004 MIFAE0 Steppay Mabar Coanlrohio: 3




$ TExas

[NSTRUMENTS

www.ilcom

imolemamiaion

Full-Stepolng CW
(11213 [ 4

:’hascﬂ'\_l | : |

| A
Phazo B |_|] \_ﬂ,

Full-Stepping GEW

| |
Phase B I 4:}]_"_;_/\4
|u,|m__l_! | H i i ]_44
a1s | M A

Figure 3. Stepping Sequences

Switchas 51 through 54 are used o control stepper moter aperation. Wheneves any of the switches are
presgad, tha port 1 interrupl service routine (ISR) exacutas. The port 1 ISR disables part 1 intarrupls and
enables watchdog fimer (WDT) interucts, Whan anabled, the WDT 1SR exscutss aboul once every 2
millizezonds, Esch time the WET ISR orecules it checks the state of the ewiiches, f switch 51,53, or 52
is held in the an state lor a dehounce count of S conseculive interrupts or 10 millisecands, then he
operation assacated with the particular swilch Is excouted, Switch £2 works a little differently, I 82 is hald

4 IASP430 Srepoer Malar Conlaaisr SLARNE  Muvembar HO02
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in the on state for mare than 10 millisaccnds ana lzss than 1 second, then the steoper moiar toggles
hetwesn continuous mode and step mods. Holding 52 on for mors than 1 seconc 12ggies DElwesn
fulisteoping and nall-steppng meodes. For as long =5 S2 Is hald in the on state it will continue o toggle
hetween stepping modes avery sarond. Once all the swilches are in e off state. tha WDT ISR disables
jiseif and re-snables the port 155,

The seral port on a FC can alsc be used lo operate the slepper molar cantroller board, Each lime the
MSP430 receives a charscier, ihe UART RX ISR axaclies, [# s malctifng character is recaived, than the
nperation associated with the character is executed. At the end of the UART RX ISR, it trensmits back o
tha PC Ihe character it zeceived This provides fasdback 10 tha PG user thal the MSPA30 racaived the
character sen| 1o it by the PC.

2.3 Operation

Eour switches, 31 thraugh S4, conlrel how the Stepper Motor Canoller board aparates. 51 controls
direction, Each lima £ iz pressad tha motor changes its dirsction of rotalion. 52 conirols how the molor is
stepped. Eschiime 52 5 pressed for less than 1 speord, the motor ingeles between continuaus maode
and single step mode, Heolding S2 cown for more than 1 sacond toggles the stepping sequenca belwaen
full-stepping and half-stenping LED D2 is iluminated whils cperating 0 haif-stepping mada. Olenaise,
02 is off LED D1 is iluminated while i singie step rioda. Olherwisa, D7 i= off. Whils operating in
continuous mode, prassing S3 morsasss the matar's stepping rate, S4 decreases it For single S18p made.
the maotor steps as lang 28 32 5 precead, 54 advances the mator one step 2ach tima ilis pressed.

When using & seral cable lo control the board, Tabla 1 =hows the cperaion performed when a characler
is recaived by the MSP43L. LED operation dees nol changs. I is (luminated while in single-step mode
and D2 s dluminatad white in haif-stepping mode.

Table 1. Serial Port Operation

L CHARAGTER | = T DPERATION i = —
[Bord’ . ogimmerediecion . e it L s s .

E AR e - ITEE.I;IH Dalwien Caninuous: mode ed Siep moce — = - —
h-'"ar m | T.:-QE belwian quEp_;:hrn Bno "ﬂ!I-GIc:.';lr'E_n'u.n.e i __ = - :l l

[Eard ol e |1ﬁmﬁu’s sﬁﬁﬂ'lnuﬁ;.-ﬂd.ﬂ_@!nglu}m Fator :-E --mde]_ e

.S_"' 5 _: !‘}acr!asew:ar's EEEEE-W m_ul-: —rdealrEu ghapes TF_M’!IFE[_' deE: :: :
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