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Abstract:

This paper details the process of the design and manufacturing of a prototype of
The Smart Pet Feeder, an automated feeder which is capable of preventing one pet from
eating another pet’s food. The goals of this design project were to create a feeder which
would hold 6 meals to be revealed at user-programmable times and would allow only
authorized pets to eat from the feeder. If an unauthorized (or “forbidden”) pet were to
approach the feeder, then the food would be hidden until the forbidden pet had left. The
ability to keep a forbidden pet from eating another pet’s food is unique to The Smart Pet
Feeder since there is no product on the market at this time which even attempts to do this.
Ultimately, the prototype did successfully prevent a forbidden pet from eating the food it
held. Unfortunately, the timing mechanism did not work, but with more time,
functionality would have been attained and the prototype would have fulfilled all of the
goals laid out for it.
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I. Introduction:

Pet care is a multi-billion dollar industry is the US and is the second fastest
growing retail area. According to the American Pet Products Manufacturing Association
(known as the APPMA), 63% of US households included a pet as of 2007 (that is over
162 million cats and dogs) [1]. Moreover, as Americans increasingly view their pets
more as family members than possessions, the amount of money they are willing to spend
on their care is steadily increasing. According to the APPMA, Americans spent $41
billion on their pets in the year 2007 [1]. This trend is relatively new (for example, in
1996 Americans spent only $21 billion on their pets [2]), but it shows no sign of slowing
down. After consumer electronics, pet care is the fastest growing industry in the US [3]
and yearly spending is expected to reach $52 billion by 2009 [3].

In spite of the plethora of pet care products on the market, there is no product that
keeps one pet from eating another animal’s food, even though this is a very common
problem among pet owners, and therefore there is an obvious need. We have designed
and built a prototype of The Smart Pet Feeder, which is suitable for use by cats and small
dogs. This feeder holds enough food for six meals. In addition to the features typically
found on such feeders, The Smart Pet Feeder allows the pet owner to prevent one pet
from eating food that belongs to another pet.

Most pet owners cannot stay home to feed their pet several times a day, yet they
want their pet to be able to eat as needed throughout the day. One of the most common
ways that pet owners try to solve this problem is by so-called free feeding, where a pet
has food available all day and eats at will [4]. The problem is that the pet owner has no

control over how much the pet eats or which pet eats the food. Many households have



more than one pet that is fed from a bow! on the floor. Among those households, it is a
common occurrence that those pets cannot eat the same food for either medical or
financial reasons. These reasons include:
> One pet is on a special diet, such as for diabetes or kitten food, but the other
pets eat normal food
> One pet needs to eat less than the others for weight control reason
> There is a dog and a cat, and the cat wants to eat the dog food (or vice versa),
which is not healthy
> One pet has to eat a special diet and, while it is not unhealthy for the other
pets to eat this food, it is more expensive than normal food and so it is cost
effective to restrict the consumption of this food to only the pet which needs it
However, there is no effective way of keeping one pet from eating another’s food
short of physically removing the pet from the forbidden food. This creates a problem for
both the pet owner and the pet. The issue for the pet owner is that they now have to
supervise the pet’s meals to assure that each pet eats its own food, or feed the pets at the
same time in different rooms. Either way, the owner’s presence at home is required
during meal times. The issue for the pet is that, since the food cannot be left out to be
eaten at leisure, it is forced to eat in the amount of time the pet owner allows it, regardless
of its own eating preferences.
In addition, having to supervise a pet’s eating leads to reduced mobility on the
owner’s part. As the feeding requirements become more complex it gets more expensive
to hire some one to look after one’s pets for long periods of time, and even day-to-day

care while not traveling can become restrictive. Many pet owners are faced with



scheduled pet feedings that require them to get up at the same time every morning to give
the pets breakfast and to be home at the same time every night to give them dinner. If a
pet takes medication, it becomes even more important that a schedule is kept and the pet
owner is even more restricted. Add to that the requirement that the different pets not eat
each other’s food and it can leave the pet owner with a demanding and, for some,
unrealistic schedule. This type of feeding routine can also cause the pet stress since it
knows that it will not be fed until the owner is home.
In short, the problems which pet owners face in feeding their pets are:
1. Making sure that each pet has access to a healthy amount of food throughout the
day, regardless of the owner’s schedule

2. Making sure that each pet eats only its own food

1. Objectives:

The Smart Pet Feeder gives pet owners a solution to both problems, thereby
improving the lives of both pets and owners by allowing the owner to:
1. Reliably provide food to a pet at the time the owner wishes
2. Keep the pet from reaching the food stored for later feedings
3. Restrict an unauthorized pet access to the feeder
The Smart Pet Feeder looks like the model in Figure 1. It consists of a tray that
holds 6 cups of food mounted to a motor. The motor and the base are inside an enclosure
that will display only one bowl of food at a time. At predetermined times (which are
programmable by the owner) the tray rotates and reveals a fresh cup of food.
The Smart Pet Feeder is designed to feed only one pet. To make sure that no

“forbidden pet” eats the food in this feeder there is a radio-frequency identification



(RFID) reader mounted to the enclosure of the feeder in front of the revealed bowl (see
Figure 1). This reader is paired with a tag on the forbidden pet’s collar. When the reader
receives the signal from the tag, it triggers the motor to rotate so that the spot on the tray

with no bowl is exposed, thus keeping the forbidden pet from eating.

Figure 1: Model of The Smart Pet Feeder

I11. Research and Design

111. A. The System and Subsystems:

The Smart Pet Feeder consists of three main systems: the Feeder Enclosure, the

Motor System, and the Control System (see Figure 2). Each system has roles that it must
fulfill. The Feeder Enclosure’s roles are to:

1. Be heavy enough so that a pet cannot turn it over

2. To close securely enough that the pet cannot open it and access the food

3. To be opened easily so that the owner can refill the dishes

4. To protect the electronics inside of it

5. To assure that all of the parts of the feeder that touch food are washable

The Motor System’s roles are:



1. To receive commands from the microcontroller
2. To be able to rotate the fully loaded tray an exact distance
3. To not allow the full weight of the tray to sit on the shaft of the motor

The Control System’s roles are:

=

To rotate the tray to a new dish at a specified time

N

To rotate the tray to the blank spot if the forbidden pet approaches the feeder

3. To keep and display an accurate real-time clock

4. To allow the owner to easily set both the current time and the time the feeder will
rotate to reveal fresh food

A block diagram showing all of the systems and how they interact with one

another can be found in Figure 2.
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I1lLA.i. The Feeder Enclosure:

The main function of the feeder enclosure is to provide protection for the
electronics inside the feeder and to prevent the pet from accessing the food stored for
later feedings. In order to achieve these goals it has to:

1. Be strong enough to withstand the weight of the pet, should the pet stand on it
2. Be capable of preventing the pet from accessing food stored for later meals

3. Provide access to the food at the same location every time

4. Be heavy enough to prevent the pet from turning it over

5. Have a removable cover so the user can easily access the bowls

6. Have easily removable dish-washer safe bowls

FEELEER.
FHNCLOSTURE
I I I |
FooD FEEDEER. FEEDEEL. FEEDEER.
TRLY BASE BODY LID
———]
FooD FROHT SIDE
BOWLS FLNEL PANELS

Figure 3: Block Diagram of the Feeder Enclosure Subsystem
As Figure 3 and Figure 5 show, the Feeder Enclosure consists of several parts: the
base, the body, and the lid. Inside the enclosure, there is the food tray with the bowls and
the motor system. The basic shape of the feeder was inspired the ERGO 8 day feeder
(Figure 4). The advantage of this type of feeder over the gravity-type feeders is that there

is no chute to be clogged with food, and the owner does not need to rely on the feeder



itself to measure how much food will be served, since the owner places the exact amount
to be fed in each compartment. Another advantage of this type of feeder is its ability to
administer medication on a schedule, since the medicine can be mixed with the food and
released at a specified time. Finally, there are less moving parts and therefore fewer
things to break.

The most common user complaints about this type of feeder were flimsy
construction which allow the pet tear the feeder apart and to access all of the food, the use
of floor space, frequent battery replacement, and the fact that, in most models, the lid
rotates so that in order for the pet to eat from the back compartments it must stand on the

feeder.

Figure 4. The ERGO 8 day feeder [5]

Therefore, we decided to address these issues by using stronger materials, have it
powered from a wall outlet and to have the tray with the bowls rotate inside the feeder
that would allow for the access to the food to be at a fixed location. The base is made of
PVC, which is a material with a relatively high mass, in order to keep the feeder’s center
of gravity low to prevent the pet from turning it over and eating the food stored in it.

Both the dish tray and the sides of the feeder are made of aluminum alloy 6061T6



because it is a strong, lightweight material that is easy to work with. The lid is made of
clear polycarbonate so that the user can see how much food is left in the feeder and plan
to refill it accordingly. At the same time, the lid is strong enough to prevent the pet from
breaking in the feeder. It can also easily support the pet’s weight if it decided to sit on
the top of the feeder. The lid is secured to the rest of the enclosure with a thumb screw
that make it both easy to remove and sturdy enough so that the pet will not be able to get

to the food inside.

Figure 5: Exploded View of the Feeder Body
Figure 5 shows a three-dimensional model of the Smart Pet Feeder that was
created using SolidWorks. This software was used not only to design the feeder but also
to help to generate the file for the CNC milling machine that was used to machine most
of the feeder’s components. Figure 6 shows the base of the feeder after it was machined

from gray PVC. Figure 7 shows the dish tray after it was machined from aluminum alloy

9



6061T6. Figure 8 shows the polycarbonate lid after it was machined. Figure 9 shows the
base of the feeder with the sides mounted to it. While most of the feeder’s components
were machined, the sides were made by hand by bending a sheet of aluminum. Figure 9
shows the base with the sides mounted to it and Figure 10 shows the enclosure fully

completed with the transparent lid on top.

Figure 6: Feeder Base machined from gray PVC

Figure 7: Machining the Dish Tray
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Figure 9: Base with sides mounted to it
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Figure 10: Assembled Enclosure

The feeder enclosure prevents the pet from accessing the food stored inside the
feeder for later meals by either turning the feeder over or by pulling the lid off. This is
achieved by the sturdy construction of the feeder as well as using stronger materials than
our competition. At the same time, it is very easy for the pet owner to remove the lid and
to access the food bowls to either refill them or clean them. The bowls are easily
removable and dishwasher safe so cleaning them is easy. Additionally, the enclosure
provides protection to the electronic components inside from both pets and possible

falling household objects.

I1ILA.ii. The Motor System:

As Figure 11 shows, the motor system consists of the following components: the

stepping motor, the motor driver chip, the power supply, and the tray support.
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Figure 11: Block Diagram of the Motor System

The stepping motor provides rotational motion for the tray with the bowls
whenever it receives a command to do so from the microcontroller. There are two
scenarios when this happens. The first one is at the user programmed feeding time and
the second one is the proximity of the forbidden pet.

The reason why we selected a stepping motor is its ability to rotate in precise
steps as opposed to spinning continuously, like a DC motor. In addition, it does not
require position feedback like a servo motor.

The motor had to meet the following criteria:

1. To be able to be controlled by the CML12S

2. To be able to rotate the fully loaded food tray (including pet food) a precise
distance both clockwise and counterclockwise

3. To cost less than $50.00

After choosing to use a stepping motor, the following questions need to be
answered: Should the motor be unipolar or bipolar? What does the output torque need to
be so the motor can operate at the desired speed and with the right acceleration? How
fine should the step size be?

13



The difference between a unipolar and a bipolar motor is the complexity of their
internal coils winding. The bipolar motor is much simpler in terms of its internal
construction, and has a higher torque-to-size ratio than a unipolar motor, but requires
much more complex external circuitry to control it. A unipolar motor, on the other hand,
is more complex in terms of its internal arrangements, has less torque than a bipolar
motor of the same size, is more expensive, but is much easier to control. Because some
members of our design team worked with unipolar stepper motors in the past, it was our
first choice for the automated pet feeder.

Traditionally, a number of mathematical equations would be used to calculate the
needed output torque and the motor’s power consumption. However, there is an easier
way. Lin Engineering, a California-based company that specializes in motor design and
manufacture, offers an easy-to-use tool for a stepping motor selection on their website.
Figure 12 and Figure 13 are screenshots showing the use of this tool. The shape and size
of the load are entered in the appropriate fields as well as the maximum desired speed and
acceleration in addition to the available power specifications. For this project, the weight
of the load was determined using SolidWorks. The necessary maximum speed of the
motor and the time to reach this speed were estimated at one Revolution per Second
(RPS) and 0.5 second, respectively. These values resulted mainly from customer
complaints about similar products that are currently on the market. These state that the
speed at which the cover rotates is too slow, which allows the pet to eat while the feeder
is in motion.

The next choice to be made was the size of the step. A stepping motor is designed

to revolve in precise increments, or steps, in addition to continuous rotation. One step is

14



typically the smallest distance the motor can turn. The step size depends on the motor,
but 1.8° step and 0.9° step are the most common. Generally, the smaller the step size the
more precise the motor’s movement.

With the help of the Lin Engineering’s online motor selection tool we chose to
use the 4118M-06 unipolar stepping motor. It has more than enough torque to turn the
tray full of pet food at the maximum speed of 1 RPS. Its 1.8° step size guarantees good

accuracy when revolving the tray.
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Figure 12: First Step in Motor Selection
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Figure 13: Second Step in Motor Selection
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Figure 14: Third Step in Motor Selection
The motor required more than the 5V that the microcontroller was able to supply,
so an additional power source had to be purchased. Lin Engineering recommends the
PS1-100-24 (Figure 15), a source with 120VAC input and 24V DC output capable of
delivering up to 4.5A of current. Since the motor requires only 1.5A at 24V DC this

power source is more then adequate.
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Figure 15: PS1-100W-24 Power Supply

Because the HC12 can neither deliver nor receive more than 25mA, it had to be
isolated from the motor by a driver chip. A driver chip is an integrated circuit that serves
two purposes: 1) it controls the flow of the current through the motor and 2) it protects
the microcontroller from the motor’s high current. This is one of the two functions of the
driver circuit, the other being energizing and de-energizing the coils in the motor in a
sequence dictated by the microcontroller. The driver may be thought of as a hub to
which the motor, the power supply, and the microcontroller are connected. It determines
what signals may pass and where they go. Different types of drivers exist and the
appropriate chip was selected for the motor. .The driver chip we chose to use had to meet
the following criteria:

1. It had to be capable of handling the voltage (24V DC) and the current (1.5A)
necessary for the motor’s operation.
2. It had to be easily interfaced with the microcontroller

3. It should cost less then $10.00

19



The SanKen manufactured SLA7026M (Figure 16) driver chip is a good choice
for the 4118M-06 because it is capable of handling up to 5.0A of current and up to
46VDC, which is more than enough considering that the motor draws only 1.5A at

24VDC.

SK JAPAN
SLA7026M

Figure 16: SLA7026M Driver Chip

The main obstacle we have encountered with the driver chip was to determine the
values of the resistors and the capacitors that connect the SLA7026M to the ground on
one side and to the microcontroller on the other side (Figure 17 and Figure 18). SanKen,
the chip manufacturer, provides a list of recommended values in the datasheet (Figure 17)
but we were not sure whether these needed to be recalculated to match our specific power
requirements. Finally, with the help of Joseph Diecidue and Professor Badjou, we
determined that the recommended resistors and capacitors were accurate as long as the
current was less then 3.0A.

Another problem was that the pins of the SLA7026 are not compatible with the

breadboard. They are not only wider than the holes in the breadboard but also spaced out

20



in way that does not align with the grid of the breadboard holes. We solved this problem

by soldering wires to all the pins, which allowed us to connect the chip to a breadboard.
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Figure 17: Motor Driver Circuit [6]
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Figure 20: Motor Driving Circuit, View 2

The Tray Support System:

The function of the dish tray support system is to isolate the weight of the tray
with the dishes and pet food, a maximum of two pounds, from the motor’s shaft.
Stepping motors are designed to carry torsional loads but not axial loads. In other words,

they are not equipped to withstand loads that either pull or push on the shaft. A
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SolidWorks model of the Tray Support System is shown in Figure 21. Again, a code for

a CNC machine was generated using this model.

Figure 21: Model of the Tray Support System mounted to the Feeder’s Base
The central piece of the load bearing system is a 3.8”x 3.8”x 0.2” plate machined

from 6061 aluminum alloy (Figure 22).

Figure 22: Transition Plate

A turntable that interfaces between the dish tray and the tray support system is
mounted to top of this plate (Figure 21). As can be seen from Figure 23, the motor is
attached to the bottom of the plate so that its shaft protrudes through the center of the

plate and the center of the rotary table.
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Figure 23: Tray Support System

Figure 24: Tray Support System mounted to the Dish Tray
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Figure 25: Tray Support System Legs

Both the shaft of the motor and the hole in the center of the dish tray are keyed to
ensure a secure fit without slipping. The plate is attached to the base of the feeder with
four bolts. In order to make sure that the bearing plate is parallel to the base, four glass-
filled Delrin tubes of uniform length fit over the bolts to support the plate in each corner.

Two motor driving programs controlled the motor. These programs had to turn
the motor clockwise and counter-clockwise by a distance that is equal to the distance
between two bowls. While searching for a suitable stepper motor driving tutorial we
found the Quick Start for Beginners to Drive a Stepper Motor [7] on the Freescale
Semiconductor website. This document not only explains the basics of stepper motor
operation very well but also provides a sample program in C to drive a stepper motor.
The program that we have used to control our motor is a slightly modified version of this
template.

There are two versions of the program. One of them, called StepCW, turns the

motor clockwise. The program called StepCCW turns the motor counterclockwise. The
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only difference between the two programs is the sequence in which the array states are
sent to Port K. StepCW goes through the array from left to right and StepCCW goes
through it the other way. Figure 26 shows the flow chart diagram for the StepCW
program. If it were the StepCCW the line

char state_array[NUM_OF_STATES] = {0x06, 0x04, 0x05, 0x01, 0x09, 0x08, 0x0A, 0x02}
would be

char state_array[NUM_OF_STATES] = {0x02, 0x0A, 0x08, 0x09, 0x01, 0x05, 0x04, 0x06}

26



char
state_array[NUM_
OF _STATES] =
{0x086, 0x04, 0x05,
0x01, 0x09, 0x08,
OxDA, 0x02}

DDRK =FF

Steps_to_move = 29

I

Next_state =0

l

Port K = state_array[next_state]
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drive a stepper motor
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Initializes Port K
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to turn the motor “one bowl”
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Initializes Next_state by
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next_state >
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£ /E the next array characte
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Figure 26: Motor Program Flow Chart
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In summary, the 4118M-06 stepping motor will turn the tray with pet food to
reveal a fresh serving at user-preset times. It will also turn the tray to the empty position
(Figure 5) every time the RFID reader registers the proximity of the forbidden pet. The
motor will be connected to the microcontroller as well as to the PS1-100-24 power supply
through the SLA7026M driver chip. The feeder enclosure will prevent the pets from
accessing the food stored inside of it either by turning the feeder over or by pulling the lid
off. At the same time, it will be easy for the user to remove the lid to clean or refill the
food bowls. Additionally, the enclosure will provide protection to the electronic
components inside of it. The weight of the tray will be isolated from the motor’s shaft by

the tray support system.

I11.LA.iii. The Control System:

The Control System consists of several subsystems: the Pet Sensing System, the
Processing System, the Time Keeping System, and the Motor Driving System (which was
discussed above). This section will detail the requirements for each subsystem in Figure
27, the criteria used to select components, and discuss to what extent those components

fulfill the system’s requirements.
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Figure 27: Control System Block Diagram

I1l.A.iii.a. The Pet Sensing System:
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Figure 28: Pet Sensing System Block Diagram

29



PET
DETECT
PROGRAM

RFID BOWL STEP STEP

PROGRAM PROGRAM PROGRAM | |PROGRAM

PUTS
PROGRAM

Figure 29: Pet Detect Program Block Diagram
The Pet Sensing System fulfills the design objective to create a product that can
distinguish between different animals in order not to allow the forbidden pet to eat from
the feeder. In order to do this it is necessary for the forbidden pet to wear an emitter on
its collar that a sensor on the feeder can detect and react to.
Our requirements for the emitter/sensor pair are:
1. That the emitter be small enough to be worn comfortably on the pet’s collar
2. That the emitter does not pose any health risks to the pet
3. That the sensor fit on the feeder
4. That the sensor be able to interface with the microcontroller
5. That the sensor be able to react to the emitter while the pet is several inches away
from the feeder
We have chosen to use a Parallax RFID tag/reader combination in order to fulfill
the main design objective of the Pet Sensing System. The transponder tags come in very
small sizes so a tag can easily be placed on a pet’s collar, the sensor is small enough to be
mounted to the feeder (see Figure 30), can be easily interfaced with the microcontroller,

and has a read range of at least 2 to 4 inches [8].
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Figure 30: RFID tag on collar in front of reader, which is mounted on the side of the
feeder

There are two types of RFID tags: passive and active. A passive tag is one that
does not have an internal power source and is only operational when a reader is near by
and trying to access it. The signal the reader sends powers the tag long enough to send a
signal. This allows them to be used in situations where it is not practical to have a power
source or where it is undesirable to have constant radio transmissions. These tags are
only useful in applications where short reading distances will be used since they only
have a read distance of about 2 to 4 inches [8][9].

Active tags have an internal battery and are constantly sending its own signal to
be picked up by any reader in range. These tags are generally more reliable than passive
tags, because they are able to initialize the session with the reader, generate stronger
signals, and have longer read distances, some of which some are up to 1500 feet [9].

They also tend to be larger in size since they have the onboard power source [9].
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We have chosen to use an active tag for our application for two reasons. The first
is that the read range is considerably larger with an active tag than with a passive tag, and
the second is that the response time is much quicker. The tag we are using can be seen in

Figure 30 and Figure 31.

25 MM

1 Emim

Figure 31: Active RFID Fob [8]

One aspect that had to be researched carefully before considering an active tag for
The Smart Pet Feeder was the potential for health risks in the pet wearing the tag. Some
studies have shown that RFID chips embedded in lab rats and mice may have caused
tumors to form near the site of the chip [10]. However, after doing research on the
subject, we found several factors that make us comfortable placing an active tag on the
collar of a pet. For example, thousands of tags have been implanted in humans and thus
far, no cases have been reported where a tumor has formed [11]. Additionally, Dr.
George Demetri, director of the Center for Sarcoma and Bone Oncology at the Dana-
Farber Cancer Institute in Boston, said that the incidences of tumors in the rats were
reasonably small [10]. This view is further supported by Dr. Cheryl London, who is a
veterinary oncologist at Ohio State University, who noted, "It's much easier to cause
cancer in mice than it is in people. So it may be that what you're seeing in mice

represents an exaggerated phenomenon of what may occur in people [10]." Itis also
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important to note that all the incidents where cancer was said to be caused by RFID tags
have occurred when the tag was implanted in the animal.

Also, this technology has been approved by the FDA for implantation in humans.
There are proposed plans of placing RFID chips under the skin of humans in order to
store medical information. These chips would act like medical alert bracelets worn today
[11][12]. There is one company, Applied Digital Solutions, which has already received
the FDA approval for this procedure [12].

As we are not planning to implant the tag in the animal, and since there are
already products which use RFID technology (such as the PetSafe Electronic SmartDoor
Pet Door [13]) and we have found no sources which link these products to any health
risks for the pet, we feel at this time that it will not pose a risk to the pet’s health to use an
active tag, but that we will continue to follow the research for new developments. Also,
we have designed a shield to reflect the radio waves away from the pet. The shield for
the active RFID tag had the following requirements:

1. The radio waves must be blocked through the shielded side of the tag

2. The shield must be affordable

3. It must be attachable to the tag

4. The shield could not affect the range on the unshielded side by more than 50% of

its original range without the shield

When researching how the radio waves could be shielded we found that one of the
best ways to do so was with a Faraday Cage [14]. A Faraday Cage is an enclosure
formed by a conducting material or mesh which blocks out external static electrical

fields, such as radio waves [15].
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The shielding method we chose to use was a part of a drain strainer. The drain
strainer is made by MasterPlumber and is made of chrome (Figure 32). The strainer
was cut down to the size and shape of the tag, along with a layer of aluminum foil.

This acted as a Faraday Cage.

Figure 32: MasterPlumber Drain Strainer
The layer of aluminum foil was cut and shaped to the size of one side of the tag as
well as the side “walls” of the tag (Figure 33). The foil is shaped so that the shiny
side of the aluminum foil is facing in towards the tag, leaving the dull side facing out.
After some testing, we found this was the most effective method of using the
aluminum foil. Also, we found that the shielding does not work well if the sides are
not shielded. This may be due to radio waves being emitted through the sides of the

tag and wrapping back around the shielding of the tag.
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Figure 33: Shielded edges of the RFID tag

The piece of the drain strainer has a bar down the center that, from our testing, we
found plays a large part in the shielding of the radio waves. The piece of the drain
strainer is attached to the side of the tag over the aluminum foil with scotch tape

(Figure 34).

Figure 34: The shielded side of the RFID tag
The combination of the aluminum foil and the drain strainer worked the best as a
shield out of anything we tested. No RF signal was detected through the shield and
the shield did not significantly decrease the range on unshielded side of the tag.
Shields that were tested and not used were made using only aluminum foil, varying

the layers of foil used. In addition, we tested the effectiveness of using only the bar
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from the drain strainer. Other tested shields that failed immediately consisted of
another type of drain strainer as well as duct tape, after a quick test that showed these

failed, no more testing was done using them. The data from our tests is in Table 1.
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Condition Range of shielded side Range of non-shielded side Notes

no shielding/|
plain tag XXXXX 2.75"
Aluminum
Foil (only) "shiny side" out
2 layers
worked best
in this
method, but
not the best
wrapped to 1 layer 2 layers 3 layers 1 layer 2 layers 3layers  Jresults in the
cover edges aa 23T ki ad 240 2.007 end
"dull side" out
cut to fit to Doesn't work]
bottom of tag} 725" 2.00" correctly
unable to
wrapped to duplicate
cover edges 0" (not detected at all) 225" result
full size
strainer
(before
cutting to works, but is
Drain size of tag, not cut to a
Strainer  |strainer only’ " m practical size]

strainer cut

to fit to
bottom of tag]
(strainer doesn't work
only) i 1.75" ideally
strainer cut
to size and
lined with
foil on the doesn't work
bottom only 1" 1.75" 1deally
slrainer cut
to size and
lined with
foil on the ** most 1deall
bottom and shielding
sides " 295" method**

Table 1: Data from active RFID tag shielding

37



During testing, it was found that the bar that went down the center of the shield
had to be a certain direction or the shielding would not work. This bar had to be vertical,
going the full length of the shield. When tested without the bar at all the shield did not
shield the radio waves at all, which is how we determined that the bar has a large impact
on the shielding effect. After finding this, we tested the shielding with just the bar and
not the rest of the shield and that did not shield. Thus, we determined that the bar and
shield together worked the best.

The shielding, however, was not tested in conjunction with the aluminum sides of
the feeder until after the feeder was built. The thought that this may affect our range
slipped our minds and when we went to test the RFID shielding with the reader attached
to the feeder we found that our range was severely decreased with the shielding to an
almost useless range. For this reason in the final prototype we were unable to continue
using the shielding. Had the sides been made of a different material the shielding would
have most likely been used.

Another reason we chose to use the RFID reader/tag combination is that it is very
easy to interface with the microcontroller. The RFID reader has four pins: SOUT,
/ENABLE, GND, and VCC. The SOUT pin sends a series of numbers to the
microcontroller if there is a tag within range, or sends a steady logic HIGH if there is no
tag present. As seen in Figure 35, we chose Port P2 as the input to the microcontroller.
The /ENABLE pin needs to be at a logic LOW in order for the reader to be active, so we
chose to ground it so that it would always be active. The VCC and GND pins went to

VCC and GND, respectively. For details, see Figure 35 below.
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Figure 35: Control Schematic detail showing how the RFID reader interfaces with the

microcontroller

In order for the microcontroller to react to the presence of the RFID tag, we had to
write a program to identify when a tag was present. This program, entitled “RFID,”
simply determines whether a tag is present and then sends a value back to the calling
program accordingly. The flowchart, seen in Figure 36, gives the exact details on how
this program works. The C-language code can be seen in Appendix A 1.

The subprogram RFID worked in conjunction with another subprogram entitled
“BOWL,” which keeps track of which bowl is currently displayed. Its flowchart can be

seen in Figure 37, and the C-language code can be seen in Appendix A 2.
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RFID Subprogram

THIS LOOP
WILL RUN "A”
TIMES

The RFID reader outputs a HIGH (1) signal when it is

DDRP=00 CONFIGURE PORT P AS AN INPUT Not receiving a signal from a tag, If it is receiving a signal from
a tag, it will output a unigue series of numbers from its SCUT to
Port P (PTP) pin 2, sent out as a strings of Os and 1s. In our
application we are not concerned with the value of that
v Identifying sequence, only if there is any tag there at all.
To determine if a tag is near, we will take 1000
A=1000 A IS A COUNTER VALUE samples of the state of Port P (PTF) pin 2. We will record each
of those states and then AND each recorded value with the
variable TAG. The zeros in the sequence will result in a zero
value for TAG if the forbidden pet has approached. The value
\ of TAG will then be used in other programs.
Since we are only concerned with the value of pin 2,
TAG = 0xFF INITIALIZE TAG TO BE ALL 15 we will mask all of the readings by ANDing them with the hex
number 0x04 (in binary 00000100). So, if the tag is not present
the value of B will definately be 0x04. If the tag is present it will
be either Ox04 or Ox00.
NO
WHILE A>=0
YES
RETURNS THE FINAL
VALUE OF TAG TO
B=PTP SET B = TO THE VALUE OF PORT P RETURN TAG | THE PROGRAM
WHICH CALLED
“RFID
¥
SET B = TO B & 0x04, ALL BITS EXCEPT PIN
i O
THE TAG IS WITHIN RANGE
NO
IF B =0x04 >
YES THIS *PUTS" STATEMENT SERVES TWO PURPOSES: IT MAKES
DEBUGGING EASIER BECAUSE IT TELLS THE USER THE STATE
OF THE TAG, AND IT ALSO SLOWS THE PROGRAM DOWN TO
GIVE THE FORBIDDEM PET TIME TO APPROACH THE FEEDER
PUTS(B=1) WHILE THE PROGRAM IS RUNNING.

T

¥

SET TAG =B & TAG. IF ANY OF THE 1000 COLLECTED B

TAG=B & TAG |VALUES IS 0x00, TAG WILL BE EQUAL TO 0x00, INDICATING

A=A-1 DECREMENT A

|

&

THAT THE TAG IS IN RANGE.

Figure 36: RFID Program Flowchart
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BOWL Subprogram

SET THE VARIABLE ALARM EQUAL TO

ALARM=PTP | o500y

v

SET ALARM = TO ALARM & 0x04, ALL
BITS EXCEPT PIN 6 WILL BE ZERO. BIT
6 WILL EQUAL THE VALUE OF PIN 6 ON
FPORTP. IF B =0x00, THE AN ALARM IS
NOT BEING SENT BY THE TIMER

ALARM = ALARM
& Oxd0

F ALARM = NO

A 4 h J

BOWL = BOWL + [IF THE ALARM IS GOING OFF, IF THERE IS NOT ALARM, DO NOT

1 INCREMENT BOWL CHANGE THE VALUE OF BOWL BOWL = BOWL

NO

5
r§
n

-
v

IF BOWL IS EQUAL TO 7, SET BOWL
BOWL =0 EQUAL TO ZERO (BECAUSE THERE
ARE ONLY 6 BOWLS)

Y

RETURMN THE VALUE OF BOWL TO THE
PROGRAM WHICH CALLED THIS RETURN(BOWL)
PROGRAM

Figure 37: The flowchart for the Bowl subprogram
Both the RFID and the BOWL program are used in the Pet Detect Program. The
Pet Detect program’s function is to run the RFID program and react according to whether
or not the forbidden pet is near (or if there is a tag present or not). If there is no tag
present, then the program will simply end, but if there is a tag present, then the program
will use the BOWL program to determine which bowl is currently displayed, and then
will use the StepCCW program to rotate the tray to expose the empty spot so that the

forbidden pet cannot eat. Once the rotation is complete, the program will repeatedly call
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the RFID subprogram to determine if the forbidden pet is still near. Once RFID reports
that the forbidden pet is gone, then the program will rotate the tray back to the bowl that
was displayed to begin with. The flowchart for the Pet Detect program can be seen in
Figure 38. This program, along with the Feeding Time subprogram discussed below,
make up the core of The Smart Pet Feeder’s programming.

The combination of the RFID reader and tag along with the programs discussed
above completely satisfy all of the requirements of the pet sensing system. The active
RFID tag no bigger than any of the other tags typically worn on a pet’s collar and we feel
confident that the tag will not have an adverse affect on the pet’s health. The reader
mounted easily to the feeder enclosure and, using the RFID program, was easily
interfaced with the microcontroller. Together, all of these elements provide easy
detection of the reaction to the forbidden pet, which satisfies all of the requirements for

this system.
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Pet Detect Subprogram

>
A
o SET THE VARIABLE OVERRIDE TO BE
OVERRIDE =PTP| EqijaL To THE VALUE AT PORT P v No
Yes
CHECK TO SEE IF THE TAG IS STILL
;. PRESENT BY RUNNING THE BOWL
g&:g:gé ; MASK ALL BUT BIT 1 OF OVERRIDE ﬁ:?ﬁﬁﬁﬁ;&’g I;%ESNE;O'NG THig
0x02 WITH ZEROS PET=RFID{0)
-—
Yes
I N

IF THE OVERRIDE RUN

ISEQUALTO1, No

RUN CLOCKSET CLOGKSET: COUNTER <

DISH
N v
A RUN ONCE THE TAG IS GONE,
IF THE OVERRIDE STEPCW() RUN STEPCW UNTIL
IS EQUAL TO 0, COUNTER IS EQUAL TO DISH

PET = RFID{) SET VARIABLE PET EQUAL TO THE
VALUE RETURNED BY RUNNING THE

RFID PROGRAM 4
COUNTER =
COUNTER +1
Yes
IFPET=0
/ y
No - T M

Y IF THE PET IS EQUAL TO 1, SET THE

VARIABLE DISH TO BE EQUAL TO THE
= VALUE RETURNED BY RUNNING THE
DiSt=EOWLY BOWL SUBPROGRAM. THIS NUMBER
WILL BE EQUAL TO THE DISH WHICH IS
[ CURRENTLY EXPOSED
v
COUNTER = SET THE VARIABLE COUNTER EQUAL
DISH TO DISH

RUN THIS LOOP AS LONG AS COUNTER
IS GREATER THAN 0. IT WILL ROTATE
D THE TRAY SO THAT THE EMPTY SPOT IS

EXPOSED
l Yes
h 4 RUN ROTATE THE TRAY 1 SPOT CCW BY
STEPCCWI() CALLING THE STEPCCW SUBPROGRAM
RETURN(0)
h 4
COUNTER =
END PROGRAM COUNTER -1 DECREMENT COUNTER

R

Figure 38: Pet Detect subprogram flowchart
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I11LA.iii.b. The Time Keeping System:

One of the subsystems of the Control System is the Time Keeping system. This is
the portion of the design that keeps time and allows the user to program when the feeder
should rotate in order to reveal a fresh bowl of food. The criteria that this system must
meet are:

1. To allow the user to set the time on the clock

2. To tell the feeder to rotate at specific times during the day to reveal fresh food

3. Be able to output the time to a display screen

4. Use atoggle switch as a manual override to prevent the bowls from rotating

5. When the toggle switch is turned off, allow the system to rotate the bowl to

the proper location and also power the RFID module back on to begin
searching for the tag

The original design included the Dallas Semiconductor DS1286 Watchdog real
time clock (RTC) chip as pictured in Figure 39. This was to be used with three buttons
and a toggle switch in order to perform time setting functions. We have since chosen to

go in an alternate direction and have integrated a different chip into our prototype.

Figure 39: The DS1286 RTC chip
An RTC is a chip that stores data for projects that utilize real time applications. It

allows the programmer to store time of day data as well as alarm data to be used at a
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specific time. The DS1286 is an RTC chip that is capable of keeping track of time to the
hundredth of a second and is accurate to £ 1 minute per month. It comes in a 28 pin
encapsulated package and has an embedded lithium power source that maintains the data
on the chip in the event of power loss as well as a quartz crystal for timing. The chip is
so intelligent that after being set, it knows the date, year, month, knows if the month has
less than 31 days, and compensates for leap years.

We had chosen this chip for a number of reasons; we believed that it would allow
us to output a time on an LCD panel and also allow the user to program what time the
“alarms” would go off. In this case, the alarms would be a signal sent from the chip at
the user-programmed time in order to tell the microcontroller that it is time to turn the
stepper motor to reveal a fresh meal. It would also have been useful in that it would
allow the user the freedom of moving the unit without having to reset the time and
alarms. Since the chip has a battery backup, all of the data, times, and programming will
be stored in the chip if the system loses power even though the LCD panel would not
display it.

The chip has two different types of alarms that seemed to make it ideal for our
design. There are the Watchdog Alarm and the Time of Day alarm. The Time of Day
alarm is just like a regular alarm clock alarm and the RTC outputs a signal when the
preprogrammed time is reached. This function would have be used to tell the
microcontroller that it is time to turn the stepper motor to reveal a new dish. The
Watchdog Alarm functions as a counter. A time is set into the correct register on the chip

and that amount of time is counted down to zero [16].
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The main reason we chose this chip was to make programming easier. This has
proven not to be the case for a few reasons. First, interfacing with the chip is extremely
awkward and we were unsure of how to interpret the values that the chip returned. For
example, instead of seeing that the minutes register had incremented from the hex value
of 43 to 44, it would increment to 47. We were unsure of what this meant and called
Dallas Semiconductor only to be told that there was no way that the chip would return
that value. After employing the help of faculty and fellow students here at Wentworth,
we could come up with no good reason as to why it would be outputting these values.
This is one of the main reasons that we have chosen not to use this in our design.

Another reason we have chosen not to use this chip is that we were having
difficulty figuring out how to display the time on the LCD screen. In order to access
what is in the registers on the chip, they must be looked at separately. There is no way to
look at them simultaneously. Our solution to this problem was to store the values into
variables and then output those to the LCD screen. This then posed another problem
since, by the time all of the variable have been stored that original time data recorded is
no long accurate.

For the reasons listed above, we determined that we were not able to use the
Watchdog for our prototype. We have chosen to use another means of timekeeping. This

has come in the form of an alarm clock using the LM8560B alarm clock chip.
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Figure 40: Block Diagram of the Time Keeping System

With the implementation of this chip, we have needed to make a few changes to
our block diagram, as can be seen in Figure 40. This would be different in an actual
production model since a printed circuit board would not be used, but this is the new
block diagram, as it stands, for the purposes of our prototype.

By using this chip, we eliminated any code that would have been needed for this
portion of the system since we are using the printed circuit board from the alarm clock as
well as the display that is integrated with the circuit board. If we were to take this design
further, we would eliminate the printed circuit board and simply use the alarm clock chip.
This would mean that some coding would be written, but it seems very simple to
interface and would be much easier to program than the RTC chip.

Another reason using the alarm clock’s printed circuit board was beneficial to our
prototype is that it required only three input pins on the microcontroller for the ALARM
OUT, ALARM OFF, and Vg4 (ground) pins (see Figure 41), whereas the RTC required
twenty. This also eliminated possible problems with the prototype because there were

fewer connections to worry about breaking.
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Figure 41: Control Schematic detail showing the Time Keeping System

This chip would also be much easier to program than the RTC even if we had not
been using the printed circuit board. This is because there are fewer functions in the chip
making it simpler. For example, there is no onboard power source, no oscillator and no
watchdog functions. This means that the overall size and complexity of the chip is much
smaller than the DS1286. You can see in the manufacturer’s data sheet for the LM8560
that it is quite simple. There are pins for the different segments of the minutes and hours
on the LED display and there is even a pin for the colon on the LED display. In general,
this chip is simply much better than the one we had originally chose for our application.

Additionally, the momentary buttons that had been purchased to be used in
conjunction with the RTC and toggle switch were not used in the prototype. This is
because the buttons used to program the alarm clock itself are still usable. This
eliminates the need to code the condition of the buttons for time.

If conditions had been optimal, we would have chosen this chip, or one similar to

it, in the beginning of the semester and programmed it ourselves rather than using the
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circuit board from the alarm clock itself. However, at the point in time that we chose to
use it, about five days before the prototype was to be presented, there was simply no time
and no point in reinventing the wheel when it performed all of the functions that we
needed.

The only portion of the timekeeping system that has remained the same is the
override switch. This toggle switch, pictured in Figure 42, is used to suspend the
function of the alarm clock chip and pet detect programs. This will be used when setting
the time, refilling the bowls of food and/or cleaning the unit. This will ensure that the

unit does not rotate while performing any of these tasks.
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Figure 42: On/Off toggle switch

Through the use of the new alarm clock and the toggle switch, the user will be
able to set the clock easily, program a desired time to reveal a fresh bowl of food, allow
the user to decide the positioning of the tray after the time of day is set, and allow the
feeder to run the main and subprograms when the override is not initiated. The chip and
switch allow us to accomplish all of this easily and effectively by allowing ease of use
and a wide range of possibilities as the chip can be programmed to feed the pet at any
time the user desires. In addition, the new alarm clock chip allows for an even easier user
interface since the way the time is set is exactly the same as the alarm clock setting that

most people are accustomed to.
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The integration of the LM8560 has helped to redefine the requirements for the
Time Keeping System. The redefined requirements are that the system:
1. Include a chip which interfaces directly with the 7-segment LED display
2. Allows the user to set the time on the clock
3. Tells the feeder to rotate at specific times during the day to reveal fresh food
4. s able to output the time to a display screen
5. Uses a toggle switch as a manual override to prevent the bowls from rotating
6. Allows the system to rotate the bowl to the proper location and also power the
RFID module back on to begin searching for the tag when the toggle switch is
turned off
The alarms sent by the timekeeping chip are used mainly in the Feeding Time
subprogram. This subprogram checks to see if an alarm is being sent and, if it is, calls
the Bow! subprogram and then rotates the tray forward one spot. The flowchart can be

seen in Figure 43 and the C-language code in Appendix A 6.
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Feeding Time Subprogram

OVERRIDE1 =
PTP

A

OVERRIDE1 =
OVERRIDE1 &
0x02

b4

IF
OVERRIDE1 =
0x02

No

SET THE VARIABLE OVERRIDE TO BE
EQUAL TO THE VALUE AT PORT P

MASK ALL BUT BIT 1 OF OVERRIDE
WITH ZEROS

Yes

A

RUN
CLOCKSET

ALARM =
PTP

Y

F ALARM =
0x40

No

SET THE VARIABLE ALARM EQUAL TO

PORT P

Yes

IF THE OVERRIDE
IS EQUAL TO 1,
RUN CLOCKSET

RUN CW()

RETURN(O)

o1

IF THE ALARM IS GOING OFF, ROTATE
THE TRAY FORWARD 1 BOWL

IF THE ALARM IS NOT GOING OFF, OR
AFTER ROTATING THE BOWL
FORWARD, END THE PROGRAM

Figure 43: Flowchart for the Feeding Time Subprogram



With this combination of products and programs, we were able to create a
prototype that was mostly functional, and we believe that had we more time, we would
have had a fully functional prototype. Unfortunately, we damaged the LM8560 chip
while working with it and were unable to use it for the presentation, but we did see it

work and so know that it will fulfill our requirements.

I11.LA.iii.c. The Processing System:

| PROCESS-
ING
| SYSTEM

MICRO- PROGAM-
PROCESSOR MING

MAIN
PROGRAM

Figure 44: Block Diagram of the Processing System
The Processing System is required to integrate and control the Control System
and the Motor System, as well as the different subsystems that make up the Control
System. It consists of two parts: a microcontroller and the program. The requirements
for a microcontroller were that:
1. It must be capable of interfacing with all of the other components that make up
The Smart Pet Feeder
2. It must have enough memory to hold the programming required to control all of
the components

3. It must have enough RAM to run the program
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4. 1t must be affordable
With these requirements in mind, we chose to use the Axiom CML12S-DP512
Development Board, which uses the Motorola MC9S1DP512 microprocessor (see Figure

45).
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Figure 45: The Axiom CML12S-DP512 Development Board
The CML12S was chosen largely due to its affordability, since one of the team
members already owned one. It exceeds all of the other requirements, as it has up to 91
infout ports available to interface with outside equipment, 4 kB of EEPROM and 512 kB
of Flash EEPROM to store the program, and 14 kB of SRAM available [17] [18]. In
future versions of this product a less powerful, less expensive microcontroller would be
used, but for development the CML12S will gave us ample resources for programming

and interfacing without worrying about running out of ports or memory. The electrical
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and control schematic, which details how all of the components were connected to the

CML12S, is in Figure 46.
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In order to download programs into the CML12S, we needed to use a cross

assembler. We chose to use an Integrated Development Environment (IDE) to write and

compile the code. The requirements for the IDE were as follows:

1.

2.

4.

5.

That it was cost effective

That it allowed each team member to have a copy of the software in order
to program simultaneously

That it was compatible with the HC12 microcontroller

That it allowed us to program using the C language

That it was easy to use

We chose to use ImageCraft’s ICCV7 for CPU12. It was created to operate with

the HC12 family, which includes the CML12S that we are using. We were able to use

the free 45-day trial version, which allowed each of us to have a copy of the software on

our individual computers. This IDE allows programming in the C language, which is

important since none of the team members were confident with their assembly language

skills. Another advantage to using the ImageCraft software is that we had used the

ICC11 version of the software previously and were familiar with the environment.

ICCV7 was used to write and compile all of the programs discussed above, as

well as the Main program. The Main program consists on an infinite loop which simply

runs the Pet Detect and Feeding Time Programs over and over again. The flowchart is in

Figure 47 and the C-code is in Appendix A 7.
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< WHILE 1=1 >

>

A 4

RUN PET
DETECT

v

RUN
FEEDING
TIME

-

THIS LOOP RUNS FOREVER

- THIS SUB-PROGRAM CHECKS TO SEE

IF THE FOREIDDEN PET IS WITHIN
RANGE OF THE FEEDER AND
ROTATES THE TRAY TC REVEAL THE
EMPTY SPOT IF THE FORBIDDEN PET

1§ NEAR

THIS PROGRAM CHECKS TO SEE IF
THE RTC IS SENDING AN ALARM
SIGNAL AND ROTATES THE TRAY TO

| THE NEXT MEAL IF IT IS

Figure 47: Flowchart for the Main program

The CML12S, in conjunction with the programs discussed above, fulfilled all of

the requirements we had for the processing system, which were simply that is must

integrate and control all of the other systems.

111.B. The Results:

After testing The Smart Pet Feeder, we were able to obtain results that helped us
to understand what we did successfully and what needs some work in order to function
the way we originally intended. For example, the range to sense the forbidden pet is far
smaller than we intended. From our tests, we have found that the range of the RFID tag
is about 1 inch when mounted on the front of the feeder. When not mounted on the front

of the feeder the range of the tag is 2.75 inches. This is due to the interference caused by

the aluminum feeder enclosure.

Unfortunately, some items could not be tested due to time constraints. The entire
time keeping system was not tested due to problems with the alarm chip that we had been
using. Also, we were unable to completely test the durability of the feeder with an actual

pet. However, we were able to simulate and test the prototype of the feeder to determine
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that the C code and programming used functions in the way that it is supposed to. This
means that if all of the hardware functioned exactly as planned the results would be as

intended.

1V. Discussion:

From the results of our testing, we are able to draw conclusions about a few things
regarding The Smart Pet Feeder. If the RFID reader were mounted against a different
material, the range would not be affected. To do this we could use a different material,
other than aluminum, or any metal, as the sides of the feeder. This would bring us closer
to the range that we received when testing away from the enclosure. Due to the range
decrease, we were unable to use the shielding on the active RFID tag because the use of
shielding also decreased the read range of the system. When mounting the reader on the
aluminum side and using the shielding on the tag, the range was decreased from the
original 2.75” to less than .5”, which is simply unusable and impractical.

Even though there were a few parts we were unable to test, we are still able to
make a few assumptions and conclusions. Since we were unable to test the feeder with a
pet, we were not able to observe if the pet would be able to tip, break, or get into the
feeder. However, we believe due to the weight of the feeder and the material used in
manufacturing that it would be extremely difficult for a pet to break, flip, or get into the
feeder, especially a small animal such as a cat or small dog, which the prototype was
designed for. Despite not being able to physically set a time for an alarm to send a signal
telling the feeder it is time to rotate to the next feeding, we are able to simulate an alarm
signal for the feeder to rotate to the next feeding. Since we are able to send a signal

simulating an alarm, we believe that given more time to work with an alarm chip, we
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would be able to set an alarm for the feeder to rotate at a programmed time. We are also
confident in this because we were previously able to do this; however, we encountered
problems at the last minute and were not able to get this function working, and had to

settle for a simulated alarm.

V. Conclusion:

Over the last semester, this design team has accomplished a massive amount of
research, learning, manufacturing, and coding, and we feel that we have produced a great
success. Though our prototype may not have worked exactly the way we may have
wanted it to, it did work.

On the subject of what worked correctly, the majority of our design goals were
met. We were able to rotate the feeder tray forward and backward a specified distance,
we were able to incorporate a sensing system consisting of an RFID reader and tag that
would restrict a forbidden pet from eating from the feeder, and we were able to make the
tray rotate with an alarm. Though the last goal, the alarm, was not met in the way that we
had hoped, we were still able to simulate its function with the use of a push button
proving that our code did in fact work. Also, the pet sensing system, what set our product
apart from any other on the market, worked flawlessly.

Unfortunately, the timekeeping system did not work. As stated in the
timekeeping section, we were unable to make either of the chips work for us, but with
more time, we believe that we would have been able to make this work correctly.

The one thing that did work, but not as well as we would have liked, was the
RFID reader. Since the range was cut so drastically due to the metal walls of the

enclosure, the reaction time was far greater, and the distance far smaller, than we had
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hoped. This is not a problem, though, since it can be easily fixed by using a different
material for the enclosure body.

This design, though not final, does in fact satisfy most of our design goals. It:

1. Keeps the pet from reaching the food stored for later feedings

2. Restricts an unauthorized pet access to the feeder

The only goals that were not fulfilled were to provide an easy user interface and
to provide future meals at a predictable time. This is because at the moment, there really
IS no user interface or timekeeping system. This would be easily fixed by implementing
the alarm clock chip since it is set exactly like an alarm clock that most people are
accustomed to.

If we were to take this design further, such as in our senior design class, we would
change a few things. First, we would change the material of the feeder body in order to
increase the sensing range of the RFID reader. Next, we would implement the alarm
clock chip rather than the RTC chip. Finally, we would make the movement of the tray
smoother by implementing a better turntable into the design. All of these changes would

help us to better meet the goals that we had originally laid out for out design.
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/4 This program turns motor <couter <lockwise in half stepping mode by 3Z2.2 degrees

#define NUM_OF_STATES 8 //There are 8 different states in this particular example.
#define DELAY MAX 2500 //The maximum # of counts used to create a time delay.

#include <ports dZ56.h>
#include <stdio.h>

void stepcow(wvoid)

{

/*******************CREATE UARIABLES*******************/
int i; //Used in a for loop

int g;

//This array actually contains the state wvalues that will bhe placed on Port K.

J/dtate #0 corresponds to a wvalue of Ox06, state #1 corresponds to a wvalue of 0x0Z, ete.

char state array[NUM OF STATEZ] = {0x06, Ox04, 0x05, 0x01, 0x0%, 0x08, Ox0A, O0x0Z2};
int steps to move; //The # of rotational steps the motor will make.

char next state; //Used to select the next state to put in register K.
/********************SET Up PORT K********************/

DDRE = Ox=FF; Ff/Writing OxFF to DDRE sets all hits of Port K to act as output.
PORTE = 0O; //Init Port K by writing a walue of zeroc to Port K.
/******************************************************/

steps_to move = 58; //8et the # of steps to move. An arbitrary positive # can he used.

next state = 0; f/Init next state to state 0. next state can start from any state
//within the range of possible states in this example, 0-7.

PORTK = state_array[next state];//Init Fort K to the starting state. In this example,

f/since only 4 pins are needed to control the motor, only

{/the lower nibbhle of Fort K is being used. This line
f/zelects state 0 and places the corresponding wvalue
SAi0x068) in the lower nibbhle of Port K.

for(i = 0; i < DELAY MAX; i++)

{
F/Wait here for a while.
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43 while (steps_to_move > 0)

4 |

45 if (next state > (NUM OF STATESZ - 1)) //If next state is greater than the highest
45 J/available state, 7, then cycle hack to O
47 i

48 next state = 0;

43 }

50 PORTE = state_array[next state]; //Place new wvalue in Port K. Rotation may be ohserved
51 for(i = 0; i < DELAY MAX; i++)

52 {

53 //Wait here for a while.

54 }

55 next_state++; //Increment next_state. Cycling though the states causes rotation
56 /7/in one direction. Decrementing states causes opposite rotation.
57 steps_to move-—; //8ubtract 1 from the total # of steps remaining to be moved.
st

53

g0 SFOES00;

1

g2 while{Q=0)

g3

%] EORTE=0XFF;

B  Fo-l;

g6 I

g7 PORTE=0D; */
EE  putsi( "I kave rotated back 1 speotr™;
g9 } //BEnd of Main
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Appendix A 2: C-code for StepCCW Subprogram
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/4 This program turns motor clockwise in half stepping mode by 5Z.2 degrees

#define NUM _OF STATES 8 //There are 8 different states in this particular example.
#define DELAY MAX Z300 //The maximum # of counts used to create a time delay.

=== TR U

#include <ports_dZ56.h>

] #include <stdic.h>

10

1 void stepcw(wvoid)

iz |

13 Jll"*******************CREATE VARIABLES*******************}"

14 dint i; //Used in a for loop

15 dint Q;

16

17  //This array actually contains the state walues that will be placed on Port K.

18 //dtate #0 corresponds to a wvalue of Ox06&, state #1 corresponds to a wvalue of O0x0Z, ete.
19 char state array[NUM OF_ STATEZ2] = {0x02, O0x0a, 0x08, 0x03, 0x01, 0x05, 0x04, O0x06&};
a1 int steps_to _move; //The # of rotational steps the motor will make.

21 char next state; /fUsed to select the next state to put in register K.

22 f********************SET UP PORT K********************;"

23 DDRE = OxFF; S/Writing O0xFF to DDRE sets all hits of Port K to act as output.
24

75 PORTK = 0; S/Init Port K by writing a walue of zero to FPort K.

26 JEEE bbbk hkkh kb h kb bk kb kb bk bk h kb kb h kb bk kb bkt S

27 steps_to_move = 58; //8et the # of steps to move. &n arbitrary positive # can be used.

28

29 next state = 0; S/Init next state to state 0. next state can start from any state
a0 //within the range of possible states in this example, 0-7.

2

32 PORTRK = state_array[next_state];//Init Fort K to the starting state. In this example,
3 //since only 4 pins are needed to control the motor, only
34 //the lower nibble of Port K is being used. This line
kcia] //selects state 0 and places the corresponding value
a6 AA0x06Y in the lower nikhle of Port E.

37

38 for(i = 0; i < DELAY MAX; i++)

5] i

40 //Wait here for a while.

41 }
42 while (steps_ to_move > 0)

a7 i
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44
45
4
47
43
43
50
51
52
53
54
55
56
57
5g
59
£0
g1
g2
£3
B4
&5
&6
&7
=
k4

if (next_state > (NUM_OF STATE® - 1)) //If next state is greater than the highest
/iavailable state, 7, then cycle back to 0

i

next state = 0;

'

PORTK = state_array[next_state]; //Place new wvalue in Port K. Rotation may hle ohserved

for(i 0; i < DELAY MAX; i++)

i

//Wait here for a while.
'

next statet+; //Increment next state. Cyeling though the states causes rotation
/fin one direction. Decrementing states causes opposite rotation.

steps_to_move--—; Sfdubtract 1 from the total # of steps remaining to he moved.

'

S*C=500;

while {(Q=0)

{

PORTE=0xFF;
Fo-1;

}

EORTE=0;

*f

puts("T have rotated forward 1 spot™);
} //End of Main
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Appendix A 3: C-code for RFID Subprogram
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12
13
14
15
15
17
18
13
20
21
2
23
24
25
%
27
28
29
20
31
2
22
34
5
'
ar
8
29
40
41
42
43
44
45
45
47
48
43
50
51
52
R

*f

* The RFID reader outputs a HISH (1) signal when it is not receiving a

signal from a tag. If it is receiving a signal from a tag, it will output
a unigue series of numbers from its 20UT to Port B (PTE) pin 2, sent out
az a strings of Oz and 1s. In our application we are not concerned with
the wvalue of that identifying sequence, only 1f there iz any tag there at
all.

To determine 1f a tag 1s near, we will take 1000 samples of the state of
Fort F (PTP) pin Z. We will record each of those states and then AND each
recorded walue with the wariable TA®. The zeros in the sequence will
result in a zero walue for Ta® 1f the forbidden pet has approached. The
value of Ta® will then be used in other programs.

Since we are only concerned with the walue of pin 2, we will mask all of
the readings by ANDing them with the hex number 0x04 (in binary 000001007 .
g0, if the tag is not present the walue of B will definately he 0x04. If
the tag is present it will ke either 004 or 0x00.

//header files to he included
#include <ports dZ56.h>
#include <stdio. h=

f/define wariables

int A;

int E;

J{Counter = to the number of
//=samples of the state of PTE1

//Holds Hample Values from PTF.
/Tt will definately have a 1
ffin pin 2 1f no tag is present
S/t may have a 0 in pin 2

Jf/1if there is a tag present.

int TAG; J/walue egqual to ANDing all

//B"s and TAG. Will ke
ffinitialized to egual FF

//program begins here

int rfid(wvoid)

{

puts ("I am running RFID\n");
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b
55
2=
57
5
53
=]
g1
62
63
64
B5
B&
67
]
]
7a
7

72
73
74
75
7B
7
7a
3
a0
a1
g2
83
a4
a5
a5
ar
a3
a3
a0
Ell
92
=]
34
a5

DDRP=00; /fthis line configures Port P
/fas an input

/*This section sets the wvalue of =ach variable egqual to the wvalus in FTF ANDed
by 00000100 {BIN) = 0x04(HEX). This mask makes it possible to use only the wvalue
at PTPZ to set the wvariable wvalues.*/

TAG = OxFF; fi=et TaAZ = to all 17=
A& = 1000; /i/set counter = to 1000. This is egual to the number of
//samples taken

while (& >= 0) //this loop will run 1000 times

{

E = PTE; //8et B = to the current wvalue of PTF

B &= 0x04; f/By ANDing B with Ox04, we will set all of the bits

//of Port B egual to EXCEPT for pin 2, which will retain
f/its state from E. The resulting wvalue will definately
fi/be O0x04 is there is no tag in range, but will
f/ozeasionally he Ox00 if a tay is in range.

if (B==0x04) F/this loop will output a statement to the computer
//screen 1f B=0x04. This makes debugging easier, and
//slows the the program down encough that it will
/fdefinately catch the tag

{

puts("B=1"); //the statement put to the screen is B=1l, indicating
/ino tag is present

TAG = B&&TAG; fi/variable TaAG is set egual to the value of E AND the
f/already existant walues of TaAs

A = A-1; //Decrement wvariable A

}

puts("T have finished RFID\n");

return (TAZ) ; //at the end of the program, return the walue of TAS
//to the program calling rfid()
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/* Program Name: BEowl
Written By: Alewxis Rodriguez-Carlson
Revision Date: April 2, 2008
Burpose: This program determines and sets wvalue of the bhowl that the
feeder is displaying.*/

J**header files= to be included**/
#include <ports d256.h»
#include <stdio.h=

Jidefine wvariahles

int EBECQWL; //this is the wariakle which holds the wvalue of the revealed
/idish
int ALARM; ffthis i3 the wariable which holds the walue of PTP to check

//to see if the RTC is sending an alarm

Jiprogram begins here
int howl()

{
DDRE=0xFF;
ECOWL=1;

puts ("I am running the bowl program!!\n");

ALARM = PTE; //set ALARM equal to BTE

ALARM &= 0x40; J/set ALARPM equal to its current value AND Ox40. This will =set
Jiall of the bits equal to zero except hit &

if (ALARM == (x40} //this statement will run if ALARM iz egual to 0x40,
//indicating that the RTC is sending an alarm

{
puts("dlarm = O0x40.\n™;
puts ("I am incrementing the bowl!!\n"™ ;

BCOWL=BOWL+1; //increment BOWL
PTE=0x0Z2; //sending a signal to alarm off
ETE=00; //quit sending signal to alarm off

J/DDRP = 0kb0O1000000C;
FTE &= 0k10111111:

78



43
44
45
46
47
43
43
50
51
52
53
54
55
56
57
it
59
]
1
£2

if(EowL = 7; //the statement will reset BEOWL to egqual 0 if it currently
//equals 7 (because there are only 6 howls)

{

puts("Bowl=7, so0 I'1l make it 0.\n");
BOWL = 0;

T

if(ATARM == 0x00) //this statement will run if ALARM is egqual to 000

{
puts("dlarm = 0, so I'1l keep bowl the same. \n");

¥
return (ECWL) ; //this line will end the program by returning the wvalue of

//BOWL to the calling program
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1 /* Program Name: Fet Detect

2 Written EBy: Alexis Rodriguez-Carlson

3 Revision Date: April 8§, zZ008

1 Purpose: This program determines if the MCU is receiwing a signal from the
5 RFID reader. If it is, it rotates the food tray to the blank spot,
I if it i1s not, it calls the Feeding Time program.*/

h

g

|

1 F**header files to be included**/

11 #inelude <ports dZ236.h>

12  H#Hinclude <stdio.h>

13

14

15 F*define variables*/

16

17

1g int DISH; /*wvariable which indicates which dish is to he

19 revealed*/

o0 int COUNTER; f*wariable used to count how many times the motor
21 rotation program will run*/

22

23 int PET; f*wariable which egquals 0 if forbidden pet is

24 i

o5 int OVERRIDE; f*wariable which equals 1 if override is on*/

26

2

2 detect()

23 {

i) puts ("I am now running the Fet Detect Frogram\n™;

il

ey OVERRIDE = PTE; //set OVERRIDE = to Port F

13 OVERRIDE &= 0x02; S/ANDS all pins with zero except for pin 1,

24 //which is ANDed with 1, and sets OVERRIDE equal to
a5 //the resulting value

6 ff1if (OWERRIDE == (0x02) fi{check to see if the manual override switch

a7 ffis an.

;AL

| £ clockset(); //run the clockset program

mn S

41

17 FPET=rfidi); //=set PET egual to the value returned hv the rfid()
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4
44
45
45
a7
48
43
50
51
52
53
54
55
55
57
58
53
60
61
£2
63
64
E5
65
67
63
£3
70
71
72
73
74
75

77
78
79

fiprogram
if (pPET==0) Jicheck to see 1f the RFID reader is
//receiving a signal

DISH=howl () ; {iset the wariable DISH to equal to the the wvalue
//returned from the BOWL program
COUNTER=DIZH; //=et the wvariable COUNTER to be egual to DISH

ffwhich is exposed

while (COUNTER > 0) f/this loop rotates the tray to reveal the bhlank spo
i
stepoow () ; ffzalls the counter clockwise rotation program
//program

COUNTER = COUNTER-1; //decrements COUNTER*/
'

while (PET==0) f7/this loop repeatedly checks to zee 1f the RFID
fireader iz receiwving a signal. It will run until
//the reader i1s not receiving a signal
{
FET=rfid(); fiset PET equal to the walue returned by the rfid()
H

while (COUNTER < DI8H) //this loop rotates the tray to reveal the current meal
{
stepcw () ; fizalls the clochkwise rotation program
COUNTER = COUNTER +1; //inecrements the counter
b
puts{"this iz the end of the detect programin®);
return (0) ;

}
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Appendix A 6: C-code for Feeding Time Subprogram
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/* Program MName: Feeding Time

1
2 Written By: Alexis Rodriguez-Carlseon

& Bevision Date: April 8, Z008

4 Furpose: This program determines 1f the MCU is receiving an alarm signal

5 frowm the RTC. If it is, it rotates the food tray to reveal the

I3 next meal, if it is not, it calls the Pet Detect program.*/

7

g /**header files to he included**/

g #ineclude <ports d25é.h>

10 #Hinclude <stdio.h=>

n

1z imt OVERRIDEF; //wvariable which holds the walue of FTP to
13 fidetermine 1f the override switch (in ETEL)
14 fiis on

15 dint ALARME; //wvariable which holds the walue of FTP to
15 f/determine 1f the RTC is sending an ALARMF
17 ff3ignal on (PTEE)

18

13

20  Frprogram code is below*/

| feeding ()

22 i

23 puts ("I am running the feeding time program!!\n");

24

25 CYERRIDEF = PTP; //=set OVERRIDEF = to Port P

25 CVERRIDEF &= 0x0Z; A /ANDE all pins with zero except for pin 1,
27 f/which 13 ANDed with 1, and sets Pl egual to
28 //the resulting wvalue

29 if (OVERRIDEF == 0x=0Z) //check to see 1f the manual override switch
30 ffiz on. If Pl is equal to 1, then the

| ffoverride switch is on and the program

32 /felockset() will run

33 {

34 clockset(); S/running the program clockset()

a5 puts{ "The clockset program finished running.\n");

36 }

kR

38

a9 ALAPMF = PTE; f/8ets ALARMF to bhe egual to Port P

a0 ALAPMF &= 0x40; //ANDE all pins with zero except for pin &,
14 ffwhich is ANDed with 1, and sets ALARMF egqua
a7 f/to the resulting wvalue

84



43
44 if (ATLARMF==03x40) FA1f ALAPMF = 0x04, then RTC is sending a

45 //=31gnal and this statement will run
46

47 {
48 bowl () ; S/run the bowl program to increment the wvalue

43 /ot BOWL

] stepew(); Ji/run the cw() program, which will rotate
51 f/motor forward 1 spot

52

53

55
[ puts{ "Feeding time is owver'\n");

57

5g return(0); /iend the program
59 }

Bl

E1
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Appendix A 7: C-code for Main Program
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/**header files to be included**/
#include <ports dZ5a.h>
#include <stdio.h>

int Z;
int i

void main{void)

i

asm [ "LDS #HSIFROM™);
Z2=1;

while (2==1)
i
detect();
feeding () ;
H
t
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SLA7024M, SLA7026M,
AND SMAT7029M

FOZRE
188US BlRg

SMA7029M

OFF DS, [2

RererEncs , [

o

2BTVCELNGD

sRow g [= 2

ny, [

:
EF

sEnst 3
aniRLELY [ o
senssg [
s
i 14T
o oL [E —|
arown g [B 3 g t
rereREncEg [T — b g
ng o
CuTg
Ong. 7 oo
ABSOLUTE MAXIMUM RATINGS
atT, = +25°C
Load Supphy Voltage, VBB R T
FET Output Votage, Vi LoV
Control Supply Votage, Ve . ARV

Peak Qutput Current, ‘OUTM (tws 00 ps)
SLATRZAM,. . ... Tl ... 30

HIGH-CURRENT PWM, UNIPOLAR STEPPER

MOTOR CONTROLLER/DRIVERS

The SLA7I24M, SLATI26M, and SMAF G290 are designed for
high-efficiency and high-parformance operation of 2-phase, unipolar
stepper motors. An automated, innovative packaging technology
combined with power FETs and monolithic logic/control circuitry ad-
vances power multi-chip modules (PWMCMs™ j toward the complete
integration of motion control Highly automated manufacturing tach-
niques provide low-cost and exceptionally reliable PMCMs suitable for
controlling and directly driving a broad range of 2-phase, unipolar
steppar motors. The three stappar motor multi-chip modules differ
primarily in output current ratings (1.5 A or 3.0 A) and packate style

All three PMCIs are rated for an absolute maximum limit of 46V
and utilize advanced NMOS FETs for the high-current, high-voltage
driver outputs. The avalancherated (2100 V) FETs provide excellent
ON resistance, improved body diodes, and vary-fast switching. The
multi-chip ratings and parformance afford significant benefits and
advantages for stepper drives when compared to the higher dissipation
and slower switching speeds associated with bipolar transistors.
Mormally, heat sinks are not required for the SLA7OZ24M or SIMATDZ 9.
The SLA7TOZEM, in demanding, highet-current systems designs,
necessitates suitable heat transfer methods for reliable operation.

Complate applications information is given on the Tollowing pages.
PV current is requlated by appropriately choosing current-sensing
resistors, a voltage reference, a voltage divider, and RG timing net-
works. The RC components limit the OFF intarval and control current
decay. Inputs are compatible with 5V logic and microprocessors

BENEFITS AND FEATURES
B Cost-Effective, MUItEChip Solution

B Tum-Key Mation-Control Module

B Motar Operation to 3 A and 46

W 21 Generation High-Voltage FETs

W 100V, Avalanche-Rated NMOS

W Hal- or Full-Step Unipolar Crive

B High-Effieieney, High-Speed PN

W Cual PO Currerit Control (2-Phase|
B Programmable PUWM Current Contral
B Low Component Count FUWIM Crive

SLATDZGM . . il . 50A i
SMATDZOM ... ... BOA Lo T oy NMOS Outputs " leInt_ema\ Power Dissipation
CantinuoLe Dutput Currst, |, - W Achanced, Improved Body Diodes W Heat Sinking (Normally) Unnecessany
SESTOEEM s b i b . 15A B Single-Supply MaotarModule W Electrically 1solated Power Tab
SLATDZEM . . . B0A Operation B LogicIC-and pP-Campatible Inputs
SMATDZEM ... caan TEA W Machine-Insertable Package
InpLt Voltage Range, W, . ... 43 Vto7.0V
Reference Voltage, Vp, B e TR, Always order by complete part number:
Package Power Dissipation, F'D . See Graph
Junction Temperature, Ty ... =150°C Part Number Package Cutput Current
Bperating Temperatics Rangs, SLATOZ4M 18-Lead Power-Tab SIP 1.5A
T ieiieiieen e PG to +B5C
Storage Temperature Rargs, SLATOZ6M 18-Lead Pawer-Tab SIP A0A
Tagg: ot oo <400 to+150°C SMATOZOM 15-Lead SIP 1.5A
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SLA7024M, SLAT026M, anp SMAT7029M
HIGH-CURRENT PWAM,

UNIPOLAR STEPPER MOTOR
CONTROLLER/DRIVERS

SLA7024M and SLA7026M FUNCTIONAL BLOCK DIAGRAM

ool
SURALY

=
O st aviiices

O crarers mmesrs e

Mote that channeks A and B are electrically isolated.
SMA7029M FUNCTIONAL BLOCK DIAGRAM

oAl
suRALY 1M g oUT,e OUTEE

i e
O cumeLe anmniezss o
Mote that exceptfor the control supply, shanneks A and B are slestrically isolated.

m ™
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SLA7024M, SLAT7026M, anp SMAT20M
HIGH-CURRENT PWM,

UNIPOLAR STEPPER MOTOR
CONTROLLER/DRIVERS

ALLOWABLE PACKAGE
POWER DISSIPATION

25

SLA7024M and SLA7D26M

1
5
=
S N
NN\
Faay = S0CH
2 N
4 18 CONTROLLOGES
o REEFDC‘SV\R
y Raan = G0 \ A
E Ll Y
§ 4 4
A (. \
v o SO >
k)
“;3 el o 2 3| o &
2 a iz P I T S L L L
3 = E] = 100 125 150 5§ g= =235 8 955 %4 8=}
TEMPERATURE in G ° d g 32 o = - =
a w g @ @ a & g
oo 20012 £ £ % g ErE B
° ¥ 3 IR gt
ELECTRICAL CHARACTERISTICS at TA =+25°C
Limits
Characteristic Symbrol Test Conditions Min TYpR Max Units
FET Leakage Current loss VDS =100V, VCC =44V 40 mi
FET ONM Voltage VDS[DMJ (SLATDZ4M & SMATDZEM| VCC =14V, lgur =14 &0 i
(SLATOZEM) Vg = 14V, g r = 3 A Bs0 | mv
FET ON Resistance Posiony | (SLATO24M & SMATOZOM) Voo = 14 V. lg r = 1A am | mo
(BLATDZEM] Vo = 14V, I r =34 285 mi
Body Diode VSD [SLATOZAM & SMATOZEM| |y \r = T A eh:] 1.5 W
Forward Votage (SLATDZEM] |y p = 3 A 0a 16 | v
Control Supply Voltage Vee Operating 10 z4 a4 W
Control Supply Currant [ Yoo =44V 110 15 ma
Input Curert ‘IN[HJ VCC =43V, VIN =24V an A
[ Vi =04V ETH T
Input Vottage \ﬂN[HJ z0 W
Vinw 2.8 W

MOTE: Megative current i defined ¢ coming out of ($ourcing) the specified device pin.
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SLA7024M, SLAT026M, anp SMAT7029M
HIGH-CURRENT PWAM,

UNIPOLAR STEPPER MOTOR
CONTROLLER/DRIVERS

TYPICAL STEPPER MOTOR APPLICATIONS
[Half of Each Device Shown}

SLATD24M and SLATD26M

WAVE DRIVE (FULL STEP}

TRUTH TABLES

{Davice Types as Dasignated}
2-PHASE (FULL STEP} CPERATICN

for SLAT024M and SLAT 026M ot SLATU24M and SLATOZEM
Sequence i) 1 pd 3 o Sequence o 1 z 3 k]
Input A H L L L H |rput A H L L H H
Input A = L H L L Input A L H H L L
Input B L H L L L Irput B H H L L H
Input B B L 5 H L Input B 1t (i H H L
Cutput ON A B A B A outpison | a8 | &R ) AR | aB
HALF-STEP OPERATION {2-1-2 SEQUENCE)
for SLA7024M, SLATO26M, and SMAT0Z0M
Sequence 0 1 z 3 4 5 G T 0
Input A H H L L L L s H H
Input & or t . L & L H H H L L L
Input B L H H H L L L L L
Input B ort " L L L L L H H H L
Cutputis) ON A AR B EB = 3E 13 AE A

“Lagic signak: i external open-callectar invartar connactad ta ty, and o

115 Morthesst Cuteff, Bax 15005
Woreester, Ifassachu serts D141 5- 0004 {50E) E53-5 000




SLA7024M, SLAT026M, anp SMAT029M SLA7024M, SLAT026M, anp SMAT7029M

HIGH-CURRENT PWM, HIGH-CURRENT PWM,
UNIPOLAR STEPPER MOTOR UNIPOLAR STEPPER MOTOR
CONTROLLER/DRIVERS CONTROLLER/DRIVERS

TYPICAL STEPPER MOTOR APPLICATIONS RERLICATIONS INFORMATION

{Half of Davice Shown} REGULATING THE PWM QUTPUT CURRENT
SMATDZOM The output current {and motor coil current) waveform is illustrated in
Figure 1. Setting the PWNM current trip point requires various external

components:

V, = Reference supply (typically 5V}

R,. R, = Voltage-divider resistors in the referance supply circuit

R, = Current sensging resistor(s)

NOTE: The maximum allowable V __input voltage is 2.0 V.

The voltage-divider must be selected accordingly.

Nermal PWM (Full-Current/Running} Mode
lour 18 88t to mest the sperified running current for the motor (Figure 2)

and is determined by

W
REF
lour= R. m

of, if Vgpp is not known

o B W

= . 7
H“J QuUT R1 + RZ RS ( )
R~ [l I g = % i
= PHASE &
A Te |
E - - T B-dlmt
o
TRUTH TABLES I I ] i |
{SMATO2ZIM Cnly} PHasE R H H I H
i o
g
WAVE DRIVE (FULL STEP} for SMAT022M 2-PHASE (FULL STEP} OPERATICN FIGURE 1. PHASE A CCIL CURRENT WAVEFORM
Sequence o 1 2 3 0 for SMATCZEM iy e T Ve
Input A E L L H Sequence 2 1 2 3 o
Input tA” L E H [ L Input A H H L L H i <J 5 u
Input B L H L L L Input B E H _H il | o <
Input telE” L & L H L OQutputs ON B AB AB AB AB I :
Cutput ON A B A | B A Rl =

YLogic slanak to external open-collectorinverter connected o t, andt .

e
s o 2
Loz

o]
=l
g
i
b

i

FIGURE 2. PWHM CONTRCL (RUN MCDE}

™
e She dl e m
Woreester, Ifassachu serts D141 5- 0004 {50E) E53-5 000
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SLA7024M, SLAT026M, anp SMAT029M
HIGH-CURRENT PWM,

UNIPOLAR STEPPER MOTOR
CONTROLLER/DRIVERS

For given values of R, R, and ¥, (V. = 0.82 V), Figure 3illustrates
output current as a function of current-sensing resistance (Ro)

a0

SLATOZEM WA,

-
i
5 R 5100
¥
= Rz 100
- [
S Ve BV
3
B
H
8
2
E 10 5LATOEAM & 5 MATOEIM MAX.
(=
&
5
3 AN

.
=] i

———l |
o
(] oE 10 15 0 2.5 a0 el a4z

CURRENT-SENSING RESISTANCE in THMS ity

FIGURE 3. CURRENT-SENSING RESISTANCE

Reduced/Holding Current Mode
Additional circuitry (Figure 4 enables reducing motor current. The
external transistor changes the voltage-divider ratio, V.. and reduces the
output current. |, o is determined by resistors R, and Ry in parallel:
RZ R)( Vb

gL p = . = 13
MOLET R R, + Ry Ry Ry Ry Ry

or R26 M

|y = =
FECaR 0 H

&Y

where RZ@ the equivalent value of R, and R, in parallel.

SENSE

Mo
A § A Vnge

AMM

2r
- =2

FIGURE 4. HOLD CURRENT MCDE

ot
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SLA7024M, SLAT026M, anp SMAT7029M

HIGH-CURRENT PWAM,

UNIPOLAR STEPPER MOTOR

CONTROLLER/DRIVERS

For given values of R, Ry, and Vi, (Voep = 0.82 V0, Figures 5A and 58
illustrate outpat helding current as a function of R, for two values of current-
sensing resistance (R_)
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FIGURE 5A. HOLD-CURRENT RESISTANCE
[SLATO24M and SMATOZIM)
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FIGURE 58. HOLD-CURRENT RESISTANCE (SLAT0ZGM}

NOTE: Holding current determines holding torque, which is normally
greater than running torque. Consult motor manufacturer for recommended
safe holding current and motor winding temperature limits in “standstil” or
‘detent” mode.

The MOSFET outputs create ringing noise with PWh, but the RC filter
precludes malfunctions. The comparator operation is affected by R; and ©,
and, thus, current overshoot is influenced by component values. Empirical
adjustment to fine-tune” the current limit is likely.
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SLA7024M, SLAT7026M, anp SMAT20M
HIGH-CURRENT PWM,

UNIPOLAR STEPPER MOTOR
CONTROLLER/DRIVERS

DETERMINING THE MOTOR PWM FREQUENCY
The modules function asynchronously, with PWM OFF time fixed by R,
and , atinputt,. The OFFtime can be calculated as:

7
torrz"R:l'CNIOgnm'V} (5%
o
Racommanded circuit constants andt,__are:
v, =5V
R, =47 kL
C, =470 pF
o =12ps
50
a0
Rs=14 p 12
LR = 1123 ms wosd £
=
4 2 gi
£ / —25%
5 / /' &
H i
#
R I o e e
el g —2s &
=] Hud
1w Ll
o

o 2 4 & B 10 12 1
MOTOR RESISTANCE in DHMS
FIGURE 7.
PWM FREQUENCY vs MOTOR RESISTANCE

bag ins

POWER DISSIPATICN CALCULATIONS

Excepling high-current applications utilizing the SLA728M above
approximately 2.0 A at +85°C (with 2-ph ase operation), the need for heat
sinks is rare. The basic constituants of conduction lossas (intarnal power
dissipation} include:
(a) FET output power dissipation (1% * fpeg O lour * Voo
(b} FET body diode power dissipation (V. -1 ). and
() control circuit power dissipation (Moo = 1.2

Davice conduction losses ate calculated based on the operating mode
(wave drive, hat-stap, or 2-phase) Assuming a 50% output duty cycls:
Wave Drive = 05 (lg 2+ fpe,) + 0.5 (Vgp = o) + (Voo 15 mA)
HaliStep = 0.75 (I 2 foe, 3 R i R LA [
2-Phase = (loy” * Mpsgay) * Vap® laurd + Vg * 13 mAy
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SLA7024M, SLAT026M, anp SMAT7029M

HIGH-CURRENT PWAM,

UNIPOLAR STEPPER MOTOR

CONTROLLER/DRIVERS

PACKAGE RATINGS/DERATING FACTORS

Thermal ratings/deratings for the multi-chip module packages vary
slightly. MNotmally, the SLATOZ24M and SMATFI29M do not need heat
sinking when operated within maximum specified output current (£1.0 A
with 2-phase drive ) unless the design ambient temparature also ex-
ceeds +60°C. Thermal calculations must also considar the temparatura
affects on the output FET ON resistance. The applicable thermal
ratings for the PMCM packages are:

SLATOZ24AM and SLATOZGM 18-Lead Power-Tab SIP
Ry e = 28°CAN (no heat sink) or 4.5 W at +25°C and a derating
factor of -36 mW=C for operation above +35°C. R, o = 5°C/WY

SMATOZBM 15-Laad SIP
R0 = 31°CAV (no heat sink) or 4.0V at +25°C and a derating
factor of -32 mW=C for operation above +35°C. R, o = £°CW,

TEMPERATURE EFFECTS ON FET Iy

Analyzing safe, reliable operation includes a concearn forthe
relationship of NMOS ON resistance to junction temperature. Device
package power calculations must include the increase in ON resistance
(producing higher output ON voltages) caused by higher operating
junction temperatures. Figure 8 provides a normalized ON resistance
curve, and all thermal calculations should considar increasas from the
given +35°C limits, which may be caused by internal heating during
normal oparation.
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SLA7024M, SLA7026M, anp SMAT029M

HIGH-CURRENT PWM,
UNIPOLAR STEPPER MOTOR
CONTROLLER/DRIVERS
SLA7024M and SLATD26M
Dimensions in Inches
[for reference only)
1.22 =008 .126 40005 % 9.150
fd_‘;sﬁ g— 0.957 41008 —pal Sai“uz?:_. l—
— 0.545 —f . ] =067
1005 +1004
.9 . 7
L) 5 I
38 “
=
‘ la—0.095
=1038
T T
[
1
i 7.118
1 ! 18
e 1z37sn00s —
e 23] ~in
Dimensions in Milimetars
{controlling dimensions)
p——— 31302 ———— 24015 A4
iz, - 244202 — g —of 44—
015 ] 0
\ e 1G4s0z ol fa—17
i =4
/1
¥ y I i
I ; L7 5
kil | z T 1
& ‘ g 7
! @ 2 - 245
; | Fy g T
Tilh [} 67
| 05 *
1 aq
1 ‘ 18 4,55 102 ¥
a0z S5 4l
085 757 168 [

oA 07

Chev, 1 002 13 roem
MOTES: 1. Exact body and lead configuration at vendor's aption within limits shown
2. Racommended mounting hardwara torgue: 4,34 — 5.79 Ibfrt (5 — B kgfrcm or 0588 —0.784 Mm).
3. The hatched area is exposed [elctrically isolsted) heats preader.
4. use of metal-oxide-fiked, alky} ail base. silicone grease [Dow Carning 340 or equivalent).
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SLA7024M, SLAT026M, anp SMAT7029M

HIGH-CURRENT PWAM,
UNIPOLAR STEPPER MOTOR
CONTROLLER/DRIVERS
SMATD20M
Dimensions in Inches
{For referance only)
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MCTE: E¥actbody and lead configuration atwendars option within limits hawn.

The praducls deccnbed hare re Manwichyed i fspsn by Sanken Elcins Co.,
Ltg. forsale by Allegro Merofistems, (5s.

Sanken Eleshg Ca, LI, and Allegro Msrodystenss, ke, reserve the rght ko
ke, Fom ke b b, sush departurss from the debnl specisabons ss may be
required o pamit iMDOVEmEnts 17 the desgn of tharr produgts.
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Appendix B 3: RTC Data Sheet
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Jameco Part Number 133444
=

H DS1286
» SEMICONDUCTOR Watchdog Timekeeper
| wwwaalsemicom |

FEATURES PIN ASSIGNMENT
*  Keeps ttack of hotdredths of secotds, _——
seconds, tinutes, hours, days, date of the T [ o
month, months, and years; valid Leap year i ; 3 i: E %B{NTB]
cotmipetsation u to 2100 ﬁg i azf] me
* Watchdog tiner restats an sot-od-control a5 B2 wfll we
processor a4 & N Saw
= alarrn fonction schedoles real ttne-related il ok [
az s ul wue
activities a1 fe wl CE
= Embedded Lithium enetpy cell tnaintains time, AD [0 1wl par?
watchdog, user BAM, and alatm information gg? i :; :3 : ggg
*  Proprammable interrupts and square wave nee fpoa e oas
outputs mairntain 28-pin TEDEC foot print T vl oaa
= Al repisters are individoally addressable via
the a.dgﬁI:ess and data bus # 28-Pin Bncapetlated ackape
" ACCUracy i3 better that 21 fritinte'tnonth at {720-1i1 Flush}
25°C
= Greater than 1 years of titnekeeping it the PIN DESCRIFPTION
. 2???3&?::; NV T - hutertupt Cutput A {ppen d:a..i:n)
INTE {INTE} - Butertupt Cutput B {open deain
Al-AS - Adldress Inpats
DD 7 - Diata InpatACratput
E - Chip Enakle
CE - Cutprat Enable
WE - Wite Enable
Voo -+5 Yolts
GMD - Ground
NC - Mo Cottiection
S - -Bquare Wave Output

DESCRIPTION

The DE1286 Watchdog Timekesper i3 2 selfcontained real tine clock, alasn, watchdog titoer, and
thterval titnet i 4 28-pih JEDEC DIF package. The DE1286 contarng an efnbedded lithinrn snet gy soutce
and a gquarts crystal which elirinates the need for any external crcudtry. Data contained within 64 sight-
bit registers can be read or weitten in the saime manner a5 bytevide static BAN. Data is maintained in the
Watchdog Timekesper by itellipent control drcoitry which detects the statns of Ve atud widte protects
toetnory when Yepis oot of tolerance. The lithiuen energy source cat mattitain data and real tiroe for over
10 years in the absence of Voo, Watchdog Tiroekeeper information inclodes hondredths of seconds,
seconds, tritites, hours, day, date, oonth, and year. The date at the end of the month i autmnatically
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D81286

adjusted for months with less than 31 days, including correction for leap year. The Watchdog Timekeeper
operates in either 24-howr or 12-hour format with an AM/PM mdicator. The watchdog fimer provides
alarm windows and interval timing between .01 seconds and 99.99 seconds. The real time alarm
provides for preset times of up to one week.

OPERATION - READ REGISTERS

The DS1286 executes a read cycle whenever WE (Write Enable) is inactive (High) and CE (Chip
Enable) and OE (Cutput Enable) are active (Low). The unique address specified by the six address inputs
(AG-AS) defines which of the 64 registers is to be accessed. Valid data will be available fo the cight data
output drivers within tacc(Access Time) after the last address input signal is stable, providing that CE
and OF access times are also satisfied. If OE and CE access times are not safisfied, then data access must
be measured from the latter occurring signal (E or E) and the limiting parameter is either foo for CE
or fgg for OE rather than address access.

OPERATION - WRITE REGISTERS

The T3$1286 is in the write mode whenever the WE (Write Enable) and CE (Chip Enable) signals are in
the active (Low) state after the address imputs are stable. The latter occurring falling edge of CE or WE
will determine the start of the write cycle. The write ¢ycle is terminated by the earlier rising edge of CE
or WE . All address inputs must be kept valid threughout the write cycle. WE must return to the high state

for a minimum recovery state (twg) before another cycle can be initiated. Data must be valid on the data
bus with sufficient Data Set Up (tps) and Data Hold Time (tpx) with respect to the earlier rising edge of

CE or WE. The OE control signal should be kept inactive (High) during write cycles to avoid bus

contention. However, if the output bus has been enabled (CE and OF active), then WE will disable the
outputs in topw from its falling edge.

DATA RETENTION

The Watchdog Timekeeper provides full finctional capability when Vec is greater than 4.5 volts and
write protects the register contents at 4.25 volts typical. Data is maintained in the absence of Vo without
any additional support circuitry. The DS1286 constantly monitors V. Should the supply voltage decay,
the Watchdog Timekeeper will automatically write protect itself and all inputs to the registers become
“Don’t Care.” Both INTA and INTE (INTB) are open drain cutputs. The two mterrupts and the internal
clock continue te run regardless of the level of Vo However, it is impertant to insure that the pull-up
resistors used with the interrupt pins are never pulled up fo a value which is greater than Voo + 6.3V, As
Ve falls below approximately 3.0 volts, a power switching circuit tums on the lithium energy source to
maintain the clock, and timer data functionality. It is also required to insure that during this time (battery
backup mede), the voltage present at INTA and INTB (INTB) never exceeds 3.0V. At all times the
current on each should not exceed +2.1 mA or -1.0 mA. However, if the active high mode is selected for
INTE (INTB), this pin will only go high in the presence of V. During power-up, when Ve tises above
approximately 3.0 volts, the power switching circuit connects extemal Ve and disconnects the internal
lithium energy seurce. Normal eperation ¢an resume after Vo exceeds 4.5 volts for a peried of 150 ms.
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WATCHDOG TIMEKEEPER REGISTERS

The Watchdog Timekeeper has 64 registers which are 8 bits wide that contain all of the Timekeeping,
Alarm, Watchdog, Centrol, and Data information. The Cleck, Calendar, Alarm, and Watchdog registers
are memory locations which contain external (user-accessible) and internal copies of the data. The
external copies are independent of internal functions except that they are updated periodically by the
simultaneous transfer of the incremented intemal copy (see Figure 1). The Command Register bits are
affected by both internal and external finctions. This register will be discussed later. The 30 bytes of
RAM registers can only be accessed from the external address and data bus. Registers 0, 1, 2, 4, 6, &, 9,
and A contain time of day and date mformation (see Figure 2). Time of Day information is stored in
BCD. Registers 3, 3, and 7 contain the Time of Day Alarm information. Time of Day Alarm information
is stored in BCD. Register B is the Command Register and information in this register is binary. Registers
C and D are the Watchdog Alarm registers and information which is stored in these fwo registers is in
BCD. Registers E through 3F are user bytes and can be used fo contain data at the user’s discretion.
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DS1286 DS1286
BLOCK DIAGRAM Figure 1 DS1286 WATCHDOG TIMEKEEPER REGISTERS Figure 2
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D81286

TIME OF DAY REGISTERS
Registers 0, 1, 2, 4, 6, 8, 9, and A contain Time of Day data in BCD. Ten bits within these eight registers
are not used and will always read G regardless of how they are written. Bits 6 and 7 in the Months

Register (9) are binary bits. When set to logic 0, ECSC (bit 7) enables the Real Time Clock oscillator.
This bit is set to logic 1 as shipped from Dallas Semiconductor to prevent lithium energy consumption
during storage and shipment. This bit will nermally be tumed en by the user during device initialization.
However, the oscillator can be turned on and off as necessary by setting this bit to the appropriate level.
Bit 6 of this same byte controls the Square Wave Output (Pin 23). When set to logic 0, the Square Wave
Output pin will cutput & 1024 Hz Square Wave Signal. When sef to legic 1 the Square Wave Output pin
i in & high impedance state. Bit 6 of the Hours Register is defined as the 12- or 24- hour Select Bit. When
set to logic 1, the 12-hour format is selected. In the 12-hour format, bit 5 is the AM/PM bit with logic 1
being PM. In the 24-hour mede, bit 5 is the second 10-hour bit (20-23 hours). The Time of Day registers
are updated every .01 seconds from the real time clock, except when the TE bit (bit 7 of Register B) is set
low or the clock oscillator is not mmning. The preferred method of synchronizing data access to and from
the Watchdog Timekeeper is to access the Command Register by doing a write cycle to address location
0B and setting the TE bit (Transfer Enable ) to a logic 0. This will freeze the External Time of Day
Tegisters at the present recorded time, allowing access to occur without danger of simultanecus update.
‘When the watch registers have been read or written, a second write cycle to location 0B, setting the TE
bit to a logic 1, will put the Time of Day registers back to being updated every (.01 second. No time is
lost in the real time c¢lock because the intemnal copy of the Time of Day register buffers is continually
incremented while the external memory registers are frozen.

An alternate method of reading and writing the Time of Day registers is to ignere synchronization.
However, any single read may give emonecus data as the real time clock may be in the process of
updating the external memory registers as data is being read. The internal copies of seconds through years
are incremented and Time of Day Alamm is checked during the period that hundreds of seconds read 99
and are fransferred fo the external register when hundredths of seconds roll from 99 to 00. A way of
making sure data is valid is to do multiple reads and compare. Writing the registers can also produce
erroneous results for the same reasons. A way of making sure that the write cycle has caused proper
update is to do read verifies and re-execute the write cycle if data is not correct. While the pessibility of
erroneous results from reads and write cycles has been stated, it is worth noting that the probability of an
incorrect result is kept to a minimum due to the redundant structure of the Watchdog Timekeeper.

TIME OF DAY ALARM REGISTERS

Registers 3, 5, and 7 contain the Time of Day Alarm registers. Bits 3, 4, 5, and 6 of Register 7 will
always read 0 regardless of how they are written. Bit 7 of Registers 3, 5, and 7 are mask bits (Figure 3).
‘When all of the mask bits are logic @, & Time of Day Alarm will only occur when Registers 2, 4, and é
match the values stored in Registers 3, 5, and 7. An alarm will be generated every day when bit 7 of
Register 7 is set fo & logic 1. Similarly, an alamm is generated every hour when bit 7 of Registers 7 and 5
is set to & logic 1. When bit 7 of Registers 7, 5, and 3 is sef to a logic 1, an alarm will ocour every minute
when Register 1 (seconds) rolls from 59 to 00.

Time of Day Alarm registers are written and read in the same format as the Time of Day registers. The
Time of Day Alarm Flag and Interrupt is always cleared when Alarm registers are read or written.
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WATCHDOG ALARM REGISTERS

Registers C and D contain the time for the Watchdog Alarm. The two registers contain a time count from
10 99.99 seconds in BCD. The value written into the Watchdog Alarm Registers can be written or read in
any order. Any access fo Registers C or D will cause the Watchdog Alarmm fo reinitialize and clears the
‘Watchdog Flag bit and the Watchdog Interrupt Output When a new value 1s entered or the Watchdog
Registers are read, the Watchdog Timer will start counting down from the entered value to 6. When O is
reached, the Watchdog Interrupt Output will go to the active state. The Watchdog Timer countdown is
interrupted and reinitialized back to the entered value every time either of the registers is accessed. In this
manner, confrolled periodic accesses to the Watchdog Timer can prevent the Watchdog Alarm from ever
geing to an active level If access does not occur, countdown alarm will be repetitive. The Watchdog
Alarm registers always read the enfered value. The actual countdown register is internal and is not
readable. Writing Registers C and D to ¢ will disable the Watchdog Alarm feature.

COMMAND REGISTER

Address location 0B is the Command Register where mask bits, control bits, and flag bits reside. Bit 0 is
the Time of Day Alarm Flag (TDF). When this bit is set internally to a legic 1, an alarm has occurred.
The time of the alarm can be determined by reading the Time of Day Alarm registers. However, if the
fransfer enable bit is set to logic 0 the Time of Day registers may not reflect the exact time that the alarm
occurred. This bit is read only and writing this register has no effect on the bif. The bit is reset when any
of the Time of Day Alarm registers are read. Bit 1 is the Watchdog Alarm Flag (WAF). When this bit is
sef infernally to a logic 1, a Watchdog Alarm has occurred. This bit is read only and writing this register
has no effect on the bit. The bit is reset when any of the Watchdog Alarm registers are accessed. Bit 2 of
the Command Register contains the Time of Day Alarm Mask Bit (TDM). When this bit is written to &
logic 1, the Time of Day Alamm Interrupt Cutput is deactivated regardless of the value of the Time of Day
Alarm Flag. When TDM is set to logic 0, the Time of Day Interrupt Output will go to the active state,
which is determined by bits 0, 4, 3, and 6 of the Command Register. Bit 3 of the Command Register
centains the Watchdog Alarm Mask bit (WAM). When this bit is written to a logic 1, the Watchdog
Interrupt Output is deactivated regardless of the value in the Watchdog Alarm registers. When WAM is
set to logie 0, the Watchdog Interrupt Qutput will go to the active state which 1s determined by bits 1, 4,
5, and 6 of the Command Register. These 4 bits define how Inferrupt Output Pins INTA and INTB (INTB)
will be operated. Bit 4 of the Command Register determines whether both interrupts will cutput a pulse or
level when activated. If bit 4 is set to logic 1, the pulse mode is selected and INTA will sink current for a
minimum of 3 ms and then release. Output INTE (INTB) will either sink or source current for a minimum
of 3 ms depending on the level of bit 5. When bit 5 is set te logic 1, the B interrupt will source current.
‘When bit 5 is set to logic 0, the B interrupt will sink cumrent. Bit 6 of the Commeand Register directs
which type of interrupt will be present on interrupt pins INTA or INTB (INTB). When set to logic 1, INTA
becomes the Time of Day Alarm Interrupt pin and INTE (INTB) becomes the Watchdog Interrupt pin.
‘When bit 6 is set to legic 0, the interrupt functions are reversed such that the Time of Day Alarm will be
output on INTE (INTB) and the Watchdog Interrupt will be output on INTA . Caution should be exercised
when dynamically setting this bit as the interrupts will be reversed even if in an active state. Bit 7 of the
Command Register is for Transfer Enable (TE). The function of this bit is described in the Time of Day
registers.
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AC ELECTRICAL CHARACTERISTICS

(0°C to 70°C; Vo= 4.5V 10 5.5V)

DS1286
TIME OF DAY ALARM MASK BITS Figure 3
REGISTER

(3)MINUTES | (5)HOURS | (7)DAYS

1 1 1 ALARM ONCE PER MINUTE

0 1 1 ALARM WHEN MINUTES MATCH

0 0 1 ALARM WHEN HOURS AND MINUTES MATCH

0 0 0 ALARM WHEN HOURS, MINUTES, AND DAYS

MATCH

ABSOLUTE MAXIMUM RATINGS*
Voltage on Any Pin Relative to Ground
Operating Temperature

Storage Temperature

Soldering Temperature

-0.3V to +7.0V
0°C to 70°C

-40°C to +70°C
260°C for 10 seconds (Sce Note 14)

* This is a stress rating only and functional operation of the device at these or any other conditions
above those indicated in the operation sections of this specification is not implied. Exposure to
absolute maximum rating conditions for extended periods of time may affect reliability.

RECOMMENDED DC OPERATING CONDITIONS (0°C to 70°C)
PARAMETER SYMBOL | MIN | TYP | MAX | UNITS | NOTES
Power Supply Voltage Vee 4.5 5.0 5.5 v 10
Input Logic 1 Vin 2.2 Veet0.3 v 10
Input Logic 0 Vi -0.3 0.8 V 10
DC ELECTRICAL CHARACTERISTICS (0°C to 70°C; Vec= 5V £ 10%)
PARAMETER SYMBOL | MIN | TYP | MAX | UNITS | NOTES
Input Leakage Current I -1.0 +1.0 wA
Output Leakage Current lio -1.0 +1.0 HA
/O Leakage Current I -1.0 +1.0 HA
CE 2V < Vee

| Output Current @ 2.4V lon -1.0 mA
Output Current (@ 0.4V lou 2.0 mA 13
Standby Current CE = 2.2V lees) 3.0 7.0 mA
Standby Current CE > Ve -0.5 lees: 40 mA
Active Current Iec 15 mA
Write Protection Voltage Vi 4.25 v
CAPACITANCE (ta= 25°C)
PARAMETER SYMBOL | MIN | TYP MAX UNITS | NOTES
Input Capacitance Cix 7 10 pF
Output Capacitance Cour 7 10 pF
Input/Output Capacitance Cin 7 10 pF
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PARAMETER SYMBOL | MIN | TYP | MAX | UNITS | NOTES
Read Cycle Time g 150 ns 1
Address Access Time tace 150 ns
CE Access Time lco 150 ns
OE Access Time ok 60 ns
OE or CE to Output Active tcor 10 ns
Output High Z from Deselect ton 60 ns
Output Hold from Address Change ton 10 ns
Write Cycle Time i 150 ns
Write Pulse Width twp 140 ns 3
Address Setup Time Law 0 ns
Write Recovery Time twr 10 ns
Output High Z from WE topw 50 ns
Output Active from WE tokw 10 ns
Data Setup Time tns 45 ns 4
Data Hold Time oy 0 ns 4.5
INTA , INTB Pulse Width tipw 3 ns 11,12
READ CYCLE (NOTE 1)
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DS1286
WRITE CYCLE 2 (Notes 2, 8)
e
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TIMING DIAGRAM: INTERRUPT
OUTPUTS PULSE MODE (SEE NOTES 11, 12)

P b
POWER-DOWN/POWER-UP CONDITION
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DS1286

POWER-UP/POWER-DOWN CONDITION

PARAMETER SYMBOL | MIN TYP MAX UNITS | NOTES

CE at Vi before Power-Down L) 1] us

Ve slew from 4.5V to 0V (CE at Vi) t 350 us

Ve slew from 0V to 4.5V (CE at Vi) th 100 us

CE at Vi after Power Up tric 150 ns

(ta=25°C)

[ PARAMETER [SYMBOL | MIN [ TYP [ MAX [ UNITS [ NOTES |
| Expected Data Retention Time | we | 10 | | | years | 9

WARNING:

Under no circumstances are negative undershoots, of any amplitude, allowed when device is in battery
backup mode.
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DS1286
NOTES
1. WE is high for a read cycle.
2. OE = Vyor Vi If OE =V IH during write cyele, the output buffers remain in a high impedance
state.
3. twp is specified as the ]og,i(:'l] AND of the CE and WE . twp is measured from the latter of CE or WE

going low to the earlier of CE or WE Lﬂmj__ high.

4. tps or tpy are measured from the earlier of CE or WE going high.
tpy is measured from WE going high. If CE is used to terminate the write cycle, then tpy = 20 ns.

6. If the CE low transition occurs simultaneously with or later than the WE low transition in Write
Cycle 1, the output buffers remain in a high impedance state during this period.

7. If the CE high transition occurs prior to or simultaneously with the WE high transition, the output
buffers remain in a high impedance state during this period.

8. If WE is low or the WE low transition occurs prior to or simultaneously with the CE low transition,
the output buffers remain in a high impedance state during this period.

9. Each DS1286 is marked with a four-digit date code AABB. AA designates the year of manufacture.
BB designates the week of manufacture. The expected tpg is defined as starting at the date of
manufacture.

10. All voltages are referenced to ground.

1. Applies to both interrupt pins when the alarms are set to puls

12, Interrupt output oceurs within 100 ns on the alarm condition e:

13. Both INTA and INTB(INTB) are open drain outputs.

14, Real-Time Clock Modules can be successfully processed through conventional wave-soldering
techniques as long as temperature exposure to the lithium energy source contained within does not
exceed +85°C., Post-solder cleaning with water washing techniques is acceptable, provided that
ultrasonic vibration is not used.

ing.

AC TEST CONDITIONS
Output Load: 100 pF + ITTL
Input Pulse Levels: 0-3.0V
Timing Measurement Reference Levels
Input: 1.5V
Output: 1.5V
Input Pulse Rise and Fall Times: 5 ns.

C

105

D51286

DS1286 WATCHDOG TIMEKEEPER
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PHG 28-PIN
oM MIN MAX
A IN 1520 | 1.540
MM 3861 | 39.12
B IN 0695 | 0.720
MM 1765 | 1829
CIN 0350 | 0375
MM 8.89 9.52°
D IN. | 0400 | 0130
MM 254 3.30
E IN 0015 | 0.030
MM 0.38 0.76
F IN. 0.110 | 0.140
MM 279 3.56
G IN. | 0080 | 0110
MM 229 279
HIN. | 0580 | 0630
MM 1490 | 16.00
J IN. 0.008 [TF]
MM 0.20 0.30
K IN 0.015 | 0.02
MM 0.38 0.53

AND 25 ARE MISSING BY
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Digital Alarm Clock

Overview

Both the LM&560N and LM3560B are alarm equipped
digital clock 1Cs with built-in drivers capable of directly
driving LED display equipment. As ICs themselves, the
Vg pin for the L is graded 1o withstand a
wvoltage of 15V while the LM8S60B Vpp, is graded for up
o 17TV,

Applications

= Alarm clocks

* Clock-radios

Functions

= Current time display

* Snooze alarm function

* Sleep timer function (maximum intervals of 59 minutes
or | hour and 59 minutes)

Features

* Single chip P-channel ED MOS LSI

« LED direct drive using time division (duplex
configuration)

* Wide operating power supply voltage range

+ Built-in alarm function with 24-hour control

+ Suppons changeover between 12-hour AM/PM and 24-
hour displays

* Built-in battery backup CR oscillator

= Uses 50Hz or 60Hz as standard frequency

* Built-in automatic fast forward function for hour and
minute seings

= Built-in sleep timer function (maximum intervals for
59 minutes or 1 hour and 59 minutes)

= Built-in snooze function suppening repeat use
= Equipped with power failure display function
= 900Hz output for alarm tone

Pin Assignment

AMB T HRAG B de E 1208HR SELECT
PMAIDSHERD 27 | CrwPUT
=
S HRC B MR 26| somomz se.ECT
=
HRE &G [ 25 | s0/0Mz INPUT
HAehd | 28 | SNOQTE NPUT
LTy | 3 | surewinput
WwSMNE R ! LMBS6ON, |22 | HouRsET
ISMNDSg LME5608 21 ] mnser
=
WsMNEsd 0] veg
WM e 8N [18] aLanw oue
MiNBBg 0o
NMuchd i
M b 16
couonouT (18] vy
Top view
Package Dimensions
unit ; mm
3029A-DIP28S
» 5 =1
=3
SANYD: DIPZES

conductor Business Headquarters

D2095HA259TN No.3400- 17

LMB560N, 85608

Description of Operations

* 5060 Hz Input : Built-in Shumidt circuit enables noise at S0/60Hz ial fi
with use of a simple CR filter. Built-in pull-up resistor,

: When the AC power supply is interrupted, the time counter switches to a holding state
and a built-in oscillator promptly begins operation. If S0M60Hz input continues for 3
clocks without arriving, this oscillator's output is activated and functions as the time
counter clock in place of S0/60Hz input. The frequency level of this clock oseillator is
determined according to the CR value. While the above mentioned oscillator is
operating using backup mode, all segment output is switched to OFF.

(Nete) When the backup oscillator is in use due to an AC power supply interruption, the
50/60Hz input pin must be maintained open o at a Vg level.

: When S0V60 selective input is connected 1o Vgg, S0Hz use is enabled. When S0/60
selective input is left open, Vpp is activated using an internal pull-down resistor and the
setting is switched 1o enable use at 60Hz.

* Display Mode Selective Input (Alarm Select/ Sleep Select):

Since the pull-down resistor is built-in, selection from four display modes is possible
using two SPST switches (single-pole and single-throw switches). Table 1 shows these
display mode selections.

=CR Input

* S0V60 Selective Input

Table 1 Display Modes

—-Tsm;"ﬂ'ﬁw— Display Mode Diglt Ne. 1 Digit No. 2 DigitNo. 3 Digh No.4
NC NG Tima dispiay | 0% Pica for Hour 12 plhcn o Mt
Vg NC Alam dsplay | 128 PACe o0 Hour 10%pach for Minute
Ne Ves Sleep diaplay Cloar Hour 109 ploce ot Minute
Vgs Vas Second display Cloar Minuta bl s Secard

Note:  Activating Vg using lwo inputs simultancously (alarm select and sleep select), the display mode is switched
to display seconds,
» Time Setting Input  : There are two setting inputs for use with “hour” and “minute”, Time content settings shown
in Table 2 are possible by activating Vg to these pins. A pull-down resistor is buili-in.

Table 2 Setting Contents

Dispiny Mode | Set Input Functions
Tima HOUR Immadiately adds 1 to hour digits and then assigns an additional 1, &1 a spoed of 2 Hz, after sach
1/4 1o 34 sacond.
MIN Immodiately adds 1 to minute digits and then assigns an additional 1, a1 a spesd of 2 Mz, after sach
1/4 1o 34 gacond.
‘Snconds are reset.

BOTH Oporates both as oulling above,
HOUR (Note) m&mm are cleared to [00].

BOTH® | Fesals hour and minuto dighs a3 0:00] whee opsrating in 24-H moge or [12:0) when operating n
mada.

immediately adds 1 1o hour dighs and then assigns an addona) 1, at a spesd of 2 Hz, aNer sach

I
114 1o 34 A

MIN I adds 1 1o minuta digits and then assigns an additional 1, at a speed of 2 Hz, ahor sach
144 10 34 second,

BOTH i;\;aﬁhu-ﬂﬂmdghm[ﬂﬂiwmmghiﬂwma[!z:wmwwh

= Sals slaep counter bo [0:58] instantly when Vi, Is actvated 1o sisep seloct

HOUR Sats sloap counter o [1:58] instantly when Vi, is activated o slesp select and hour al the same time,
MIN Slaep counter looses 1 at a spoed of 2 Hz.

BOTH Sleep counter looses 1 &t a speed of 2 Hz,

* Once conditions have been switched 1o reset or hold, input of other functions is locked until both HOUR and MIN
input have been separated.
Note:  When the digital reading for seconds is between 30 and 59 seconds, | is added to the digits for minutes as the
digital reading for seconds resets to [00].

o, M90-27
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LMB8560N, 85608

* 12/24H Select Input : When this pin is set open (Vpp), a 12-hour display is enabled whereas connecting this
pin to Vg enables the 24-hour display. A pull-down resistor is build-in.
* Power Failure Detection Display :
‘When activated by drop in power supply, all segments which are it begin to blink and
the unit switches 1o & power failure detection display.
&p@wﬁ failure detection display is canceled by activating Vgg to HOUR SET or MIN

* Alarm Operation and Alarm Output ;

The alarm signal outputs when alarm content matches the content of current time. When
not reset by either snooze input or alarm off input, output continues after | hour and 59
minutes. This output signal consists of 900 Hz 2 Hz intermittent (50% duty) modulation
signals. When the need arises, a filter can be applied 1o alter the alarm signal to 8 DC
signal.

: When the alarm is sounding end instantly activating Vg 10 this pin, alarm output is set to
OFF for a period between 8 and 9 minutes after which time the alarm signal is once
again output. The snooze function can be used repeatedly in 1 hour and 59 minutes
intervals. A pull-down resistor is built-in. Activating Vg 1o the snooze pin when the
alarm is OFF resets the sleep timer counter to (0:00]. (This is known as the one-touch

= Snooze Input

sleep timer reset function.)
" = Alarm Off Input : Activating this input pin 10 Vgg instantly sets alarm cutput to OFF. A pull-down resistor
is built-in.
+ Sleep Timer and Sleep Output :

Sleep output can turn on the radio and can be set for time intervals of 59 minutes or 1
hour and 59 minutes. Refer to Table 2 for the proper selection procedure (59 minutes or
1 hour and 59 minute selection). This sleep timer is constructed using a down counter
and when the counter content arrives at [00), output is set to off and the radit wums off.
Adding Vgg to snooze input turns sleep output off. When sleep output is on.

Block Diagram

ot [ 1 L oL E— T
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Clock-radio Applied Circuit Diagram (+ power supply)

TSR & 4 & & &
e s L I I . 19
W RO @ e o e e o] 4
i b YR £
: ‘_; Sortwty PUT LMBSEON i
r“» ns e ™ sLP ouT |
voou ; :'i;. e Srd obs ikt WEMNM g o chg ggs SOLON O *ﬁ‘
it ol ® oeka skl ekt kg ode RN 0 she ana CROLR o
! k
r Doplex LED ﬂ."i: LURILS
E— le o T O
. h: s e O
£ || T[T r ‘ ~
ores | i
™ ]
-rL E2oreid e _|o.0aF | This cirgit is used a5 nodse Interfereace
R sripper for the LW band. (Backup control
is emabled except for battery backop mode )
Clock Applied Circuit Diagram (- power supply) Unit (resistance: {,capacitance F)
T2hour gy and 80
e Cirst Disgram
]
T om, S0y BT s
e £T oyt s 15 . 5P ouT
= e IH':..NE" ede wae ene ont bt whr che PR bay vag wom o
" L
°? ) Duplex LED
:eg o B I Y O |
G ) Y L 1 i
[ When banery backup or tone output is not
et Cathode common used, CK input s connected 1o Vgg.
CYOLE 7
= ik il (7 T )
[0 Teoore | Usit (reststance: 0, capacitance:F)
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[LMB560N]

Specifications

Absolute Maximum Ratings at Ta = 25°C, Vg5 =0V
Masimuem supply voltage Vg max ~150m 403
Input voltage (1} Vi (1) SH60Hz INPUT =150 +0.3
Input voltmie (2} Vin (2) Except SO00H2 INFUT ~ ~15.01040.3
Chatput voltage Vour =150t +0.3
Input clamp current ™ SOI50Hz INPUT 0410404
Allowable power dissipation Pd max Ta=MWFC o7
Operuing iemperatine Topr =30t +70
Sinmge temperature Tog ~S5 104125

Allowable Operating Ranges at Ta = 25°C, Vgg =0V min
Supply voltage Voo -140
Input "H™ level voliage (1) Vi (1) SG0Hz INPUT ~10
Input “L" level volage (1) Vi (i SO60Hz INPUT
Input “H™ level voltage (2) Vi (2) Except S060Hz INPUT -15
Input *L" level volage (2} Vi (2) Except 30%60Hz INPUT
H060Hz input pin input voliage Ve IN Sets Vigg a8 refevence (Note 2) Vi

{Noie 1) (Note 1)
Electrical Characteristics at Ta = 25°C, Vpp = -12V min

Inpes “H" level current (1) Ty (1} SW0Hz INPUT, Vyyy = Vigg
Input “L" bevel current {1) In (1) S0060HE INPUT, Wiy = Vpg
leput “H™ level current (2) Iy (23 Input ping other thas S0V60 Ha inpu
Vo= Vgs
Imput “L" level current (2) I iy Input pins other thas SO00 Hz inpat
Ve =Von
Output “H" level currert (1) Tgutl) Alarm autput ad sheep output s
Vo= Vgg =1V
OQutput beakuge current {1) Lop (1) Alarn putput aad shetp output
Vour= Voo
Output “H™ level cument (2) low ) AM & 10°5 HR 2g & de
(24Hmode), Vour = Vg -1V
Crutpaat beakxge current (2) Low (2 AM & 10°S HR ag & de
) Vour = Voo
Output “H™ level current (3) Low (30 Segment output other then those 18
listed abave, Voyy = Vag-1V
Chatpat beakkage current (3) Loe (33 Segment output olher thn those
listed abave, Vour = Voo
Power failure detection voltage Voo =15
Consumpticn cumeat ke Output set 1o 0ff and pall-dawn
attached input set cpen
Backup osctllator stability factor B ‘Suandard value, 9008z, Vg = -9V410% -10
Backup oscillator sccuracy Fa Standard valee, 900Hz, Vpg =9V . -10

ddElccce

]

L

LM8560N, 85608
[LMBSE0B]
Specifications
it
Absolute Maximum Ratings at Ta = 25°C, Vgg = 0V unit
Maximam supply voltage Vo max ~1T0m+03 v
Ingut voltage (1) Vi (1) SO60Hz INPUT 17010 +0.3 v
Inguat voltate (2) Vi (2) SEOHE INPUT ~1T010 403 v
Output voliage Vour =170 10403 v
Inpus clamp current ™ S060Hz INPUT 0.4 10 +0.4 mA
Allowable power dissipation Pd max Te=T0°C 07 w
Operating temperature Topr =300 +70 *
Storage temperatere Teg =550 +128 ot
max uni
1.8 v Allowable Operating Ranges at Ta = 25°C, Vgg =0V win wpoo max i
& Supply voltage Voo 140 65 v
Voo 42 v Input “H" level voltage (1) Vil S060Hz INPUT 10 v
¥ Tnpue “L" level voltage {1) Ve () SWS0Hz INPUT, Voo S-8V Vg +2 v
Vg +2 v SE0EHz INPUT, V-8V Vop +1 v
¥ Taput “H" level veltage (2) Vi (2) Except SVE0HzZ INPUT, VoS8V =15 v
Except SUE0HE INPUT, Vo8V 10 v
Input "L” level voltage (2) Vi (2 Except S0460Hz INPUT, VS8V Voo #2 v
il _ Except SVE0Hz INPUT, V-8V Vo +1 v
SIMBOH input pin input voltage WaeIN Sets Vgg s reference (Nole 2) Vi v
10 HA (Mot 1) [Note 1)
10 A
20 BA
10 HA Electrical Characteristics at Ta = 25°C, Vpp =-12V min wp max wnit
Tepet “H" level current (1) Ty (1) SIS0 INPUT, Vi = Vg 2 Iy
mA Taput “L" level current {1 I ih SO/0Hz INPUT, Vi = Vg, 0 A
Impea “H" level current (2) Ing(2) Input pies other than SOV60 Hz input -1} 1A
0 BA Vin=Vig
Tapet L™ level current (2) () Inpus ples othier than SIVG0 Hr imput 2 A
mA Vin= Voo
Output “H™ level curment (1) oy (13 Alarm outpat and sleep output 5 mA
0 BA Viou = Vag-1V
Output leskage cusrent (1) los (D) Alarm outpat and sheep output 10 pA
mA Vour= Ve
Output “H" level current (2) Tou 2 AM & 10°S HR ag & de % mA
0 BA (24Hmode), Voyr= Vg -1V
Output leakage cumvent (2} Ige (2} AM & 10'5 HR g & de 0 'Y
v (24Hmode), Vegrr= Voo
7 mA Output "H" level current (3) Towt ) Segment outpart other than those 18 mA
Tisted above, Vggrr = VgeIV
n = Output leakage cument (3} Ioe (3} Segment outpul other than thoss 20 HA
10 % Tisted sbove, Vour ™ Voo
Power failare detection voltage Voo %5 -50 v
Consemption cerment Lee Output set 1o ofT and pull-down 5 7 mA
attached input set open
Backup oscillator stability factor Fs Sundand value, $00Hz, Vpg = -SVEI0% -10 10 %
Backep oscillsior accuracy Fa Standard valee, 900Hz, Vpp =-9V =10 10 %
Ko, M30-57 Mo, 3450-67
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Mote 1) Note 2}

LLALE LLE]

IFig-2)

Vaco fepresents the average value for inpet voltage of the S0460 He inpat pin.
Vien represents the sverage valve for power supply voliage for LED wiage.
The above values represent those galned under po-Joad conditians.

IFg 1]

W Mo products déscribed or contaned harein are intended for use in surgical i i
nuclear power control systems, vehicles, deastenizrime-prevention equipmant and the ke, the taifure of which may diracty or
indirectly cause injury. death or propedy loss.

W Anyona purchasing any products described or contained hersin for an above-menSonad use shall;

@ Accept full responsibility and indemnify and defend SANYO ELECTRIC CO., LTD., its affiliates, subsidiaries and distributors
and all their officers and employees, jointly and severally. against any and all claims and liigation &nd all damages, cos! and
expenses assccialed with m use:

@ Not imgose any for any fault or neglig which may be cited in any such claim or Migation on SANYO
ELECTRIC ISQ I.TD its affilistes, subsidiaries and distribulors or any of their officers and employeas jontly or severally,

[ ] Inlom-hoﬂ {including unll diagrams and ciecull paramelers) hedein is for axample only, It is not guaranteed for volume
SANYOD ion herein is accurale and reliable, but no guaraniees are made or impled regarding its use
or any Infringaments of intellectual property fights or cthes rights of tird parties.

This eatalog provides asol 1995, and harein ane subject to changa without natice.

No. 39077
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General MivEpaala oo
Technical: Sppori@oaraliz: wm
Web Site: wiw, paralia, oom
Edducatiomal: w5 tmasndass.oom

588 Msnlo Dnvs, Suite 100
W Ax Foddin, alifamia 85785, USA
Office: {16) 245830

Fax: £516) B29-6008

RFID Reader Module (#28140)

RFID 54 mm x 85 mm Rectangle Tag (#28141)

RFID 50 mm Round Tag (#28142)
245 [B2.2mm)
245 [54.5mm)

245" (F5mm)
325" (82 Emm)

r

44" (3 Emm)

Intreduction

Designed in cooperatien with Grand Idea Studio (http:/fwww.grandideastudic.com/), the Parallax Radio
Frequency Identification (RFID) Reader Module is the first low-cost selution to read pessive RFID
transponder tags up to 1 3“ - 3" inches away depending on tha tag (see list balow). The RFID Reader
Module can be used in a wida variaty of hobbyist and commercial applications, including access control,
automatic identification, robotis  navigation, inwentory tracking, payment systems, and car
immabilization.

Fully-integrated, low-cost method of reading passive RFID transponder tags
1-wire, 2400 baud Serial TTL interface to PC, BASIC Stamp® and other processors
Requires single +5¥DC supply

Bi-oolor LED for visual indication of activity

0.100" pin spacing for easy prototyping and integration

o

Parallax, Inc. = RFIC Reader Module ($#28140) -Updated 0872006 v1.1 Page 1
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The Parallax RFID Reader Module works exclusively with the EM Microelactrenics-Marin SA EM4100-family
of passive read-only transponder tags. A variety of different tag types and styles exist with the most
popular made available from Parallax. Each transpender tag contains a unique identifier (one of 2%, or
1,099,511,627,776, possible combinations) that is read by the RFID Reader Module and transmitted to
tha host via a simple serial interface.

Electronic Connections
The Parallax RFID Reader Module can be integrated inte any design using only four connectiens (VCC,

JEMNABLE, 50UT, GNDJ). Use the following circuit for connacting the Parallax RFID Reader Module to the
BASIC Stamp micrecontrollar:

Pin Pin Name Type Function
1 VCC P System power, +5V 0T input.
2 TEMABLE | Module enable pin. Active LOW digital input. Bring this pin LOW to
enable the RFIG reader and activate the antenna.
3 SOUT 8] Serial Qut. TTL-level inteface, 2400bps, B data bits, no parity, 1 stop bit
4 GHE o) System ground. Connect to power supphy's ground (GN D] teminal.

MNote: Type: | = Input, O = Output, P = Power, G = Ground

Parallzx, Inc. - RFIC Reader Mpdule (#28140) -Updated 09200511 Page 2



Communication Protoecol

Implementation and usage of the RFID Reader Module is straightforward. BASIC Stamp 1, 2, and
SX28AC/DP code examples (SX/B) are included at the end of this documentation.

The RFID Reader Module is controlled with a single TTL-level active-low /ENABLE pin. When the /ENABLE
pin is pulled LOW, the module will enter its active state and enable the antenna to interrogate for tags.
The current consumption of the module will increase dramatically when the module is active.

A visual indication of the state of the RFID Reader Module is given with the on-board LED. When the
module is succassfully powered-up and is in an idle state, the LED will be GREEN. When the module is in
an active state and the antenna is transmitting, the LED will be RED.

The face of the RFID tag should be held parallel to the front or back face of the antenna (where the
majority of RF energy is focused). If the tag is held sideways (perpendicular to the antenna} you'll gither
get no reading or a poor reading. Only one transponder tag should be held up to the antenna at any
time. The use of multiple tags at one time will cause tag collisions and confuse the reader. The two tags
available in the Parallax store have a read distance of approximately 3 inches. Actual distance may vary
slightly depending on the size of the transponder tag and environmental conditions of the application.

When a valid RFID transponder tag is placed within range of the activated reader, the unique ID will be
transmitted as a 12-byte ASCII string via the TTL-level SOUT (Serial Cutput} pin in the following format:

38 Lsg

StartByke | UniqueID | Unique D | Unique ID | Unique 1D | UnigueID | Unique ID | Unique 1D | Unigue 1D | Unique 1D | Unique ID | Stop Byle
19304) Digt 1 Digt 2 Digit 3 Digit 4 Digts Digts Dyt 7 Digita Duite | Digt1o (%00}

The start byte and stop byte are used to easily identify that a correct string has been recsived from the
reader (they correspond to a line feed and carriage return characters, respectively). The middle ten bytes
are the adual tag's unigue ID.

All communication is 8 data bits, no parity, 1 stop bit, non-inverted, least significant bit first (8N1}. The
baud rate is configured for 2400bps, a standard communications speed supported by most any
microprocessor or PC, and annot be changed. The Parallax RFID Reader Module initiates all
communication. The Parallax RFID Reader Module can connect directly to any TTL-compatible UART or to
an R$232-compatible interface by using an external level shifter.

Absolute Maximum Ratings and Electrical Characteristics

Condition Value
Operating Temperature -40°C to +85°C
Storage Temperature -56°C to +125°C
Supply Voltage {Vog) +4.5V to +5.5V
Ground Voltage (Vss) oV

Voltage on any pin with respect to Ves -0.3V to +7.0V

Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
devica. This is a stress rating only and fundional operation of the device at those or any other conditions
above those indicated in the operation listings of this specification is not implied. Exposure to maximum
rating conditions for extended periods may affect device reliability.

Parallax, Inc. » RFID Reader Module (#28140) -Updated 09/2005v1.1 Page 3

DC Characteristics

At Ve = +5.0V and T, = 259C unless otherwise noted

Test Specification Unit
Parameter Symbol Conditions Min. Typ. Max.
upply Voltage Ve — 4.5 5.0 5.5 v
upply Current, Idle lipL e — — 10 -— mA
upply Current, Active [ —_ — 90 -— ma
Input L OW voltage Vi +4.5Y <= Vo <= +5.5V = = 0.8 v
Input HIGH voltage Vi +4.5Y <= Y. <= +5.5Y 2.0 — - v
Output LOW voltage Vor Voo = +4.5V - - 0.6 Vv
Qutput HIGH voltage VMon Vg = +4.5Y Veg = 0.7 - - v

RFID Tags Available Frem Parallax

Parallax provides two passive RFID tags from our on-line store. We're stocking the tags because many
suppliers have high minimums, yet many of our customers may only want a few tags for their basic
experimentation.

+ 54 mm x 85 mm Rectangle Tag (#28141)
+ 50 mm Round Tag (#28142)

e 247 (B4mm) ———» 1.87" (S0mm) |

s N
‘ orl
AT i) « q )\

g %
g -
(2}

g % G &

£ ée,,O"QUe ’é\eqo

8 Ietystria ¥

B

08" (2.1 mm} thick

0.03" (0.8mm) thick

Actual tag dimensions may vary. Contact Parallax for specific information.

Parallax, Inc. » RFID Reader Module (#28140) -Updated 09/2005v1.1 Page 4
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Optional Tag Information

Even though Parallax only carries a Round Tag and a Redangle Tag the following values were obtained
from different tags available in the market.

IS0 Card: 6.3cm (2.5") +/- 10%
World Tag 50mm: 6.8cm (2.7") +/- 10%
World Tag 30mm: 5.3em (2.1") +/- 10%
Bobsleigh Keyfob: 5.3cm (2.1") +/- 10%
Tear shape: 4.0cm (1.6") +/- 10%
Wristband: 4.0em (1.6") +/- 10%

RFID Technology Overview
Material in this section is based on information provided by the RFID Journal {www rficjournal .com}.

Radio Frequency Identification (RFID) is a generic term for non-contacting technologies that use radio
waves to automatically identify people or objeds. There are several methods of identification, but the
most common is to store a unique serial number that identifies a person or object on a microchip that is
attached to an antenra. The combined antenna and microchip are called an "RFID transponder” or "RFID
tag" and work in combination with an "RFID reader” (sometimes called an "RFID interrogator).

An RFID system consists of a reader and one or more tags. The reader's antenna is used to transmit
radio frequency (RF} energy. Depending on the tag type, the energy is "harvested” by the tag's antenna
and used to power up the internal drauitry of the tag. The tag will then modulate the electromagnetic
waves generated by the reader in order to transmit its data back to the reader. The reader receives the
modulated waves and converts them into digital data. In the case of the Parallax RFID Reader Module,
worrectly received digital data is sent serially through the SOUT pin.

There are two major types of tag tedhnologies. "Passive tags" are tags that do not contain their own
power source or transmitter. When radio waves from the reader reach the chip’s antenna, the energy is
worverted by the antenna into electrigty that can power up the microchip in the tag (known as "parasitic
power"). The tag is then able to send back any information stored on the tag by reflecting the
electromagnetic waves as described above. "Active tags" have their own power source and transmitter.
The power source, usually a battery, is used to run the microchip’s drevitry and to broadast a signal to a
reader. Due to the fact that passive tags do not have their own transmitter and must refled their signal
to the reader, the reading distance is much shorter than with active tags. However, active tags are
typically larger, more expensive, and require ocasional service. The RFID Reader Module is designed
spedfically for low-frequency (170 kHz} passive tags.

Frequency refers to the size of the radio waves used to communicate between the RFID system
womponents. Just as you tune your radio to different frequencies in order to hear different radio stations,
RFID tags and readers have to be tuned to the same frequency in order to communicate sffectively. RFID
systems typically use one of the following frequency ranges: low frequency (or LF, around 170 kHz), high
frequency (or HF, around 13.56 MHz}, ultra-high frequency (or UHF, around 868 and 928 MHz}, or
microwave (around 2.45 and 5.8 GHz). It is generally safe to assume that a higher frequency equates to
a faster data transfer rate and longer read ranges, but also more sensitivity to environmental factors such
as liguid and metal that can interfere with radio waves.

There really is no such thing as a "typical" RFID tag. The read range of a tag ultimately depends on many

factors: the frequency of RFID system operation, the power of the reader, and interference from other RF
devices. Balancing a number of engineering trade-offs (antenna size v. reading distance v. power v.
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manufacturing cost), the Parallax RFID Reader Module's anterna was designed with a spedfic inductance
and "Q" factor for 170kHz RFID operation at a tag read distance of up to 1 34" - 37 inches.

Example Code

The following code examples read tags from a RFID Reader Module and compare the values to known
tags (stored in an EEPROM table).

RFID,ES1
. RFID Tag Reader / Simple Security System
{g) Parallax, Inc. -- All Rights Reserwved
. support@parallax.com

Updated. ... 07 FEB 2005

{ ssTRMP BS1]

]
i

I

i

i

]

| started.
]

i { SPBRSIC 1.0}
]

i

e [ Program DesScoriphbion J-------ommmm oo o e e
| Reads tags from a Parallax RFID reader and gompares bo known tags (storsd
| in EEPROM table). If tag is found, the program will disable a lock.

SYMBOL Enable =0 ' low = reader cn

SYMBOL RX =1 ! serial from reader
SYMBOL Spkr = ! speaker output

SYMBOL Latch =3 ' lock/latch centrol

§ et B e e e e e R e e o R e S e e e e
SYMBOL LastTag =2 ! 3 tags; 0 to 2

e [ wariables ]

SYMBOL tagl = BO ! RFID bytes buffer
SYMBOL tagl = El

SYMBEOL tagz = B2

SYMBOL tags = B3

SYMBOL tagd = B4

SYMBOL tagSs = BS

SYMBOL tagé = Be&

SYMBOL tag? = B7

SYMBOL tagl = BB

SYMBOL tags = BB

SYMBOL tagNum = Blo ! from EEPROM table
SYMBOL pntr = Bll ! pointer to char in table
SYMBOL char = Blz2 ! character from table
Parallax, Inc. » RFID Reader Module (#28140) -Updated 09/2005v1.1 Page 6



Tags
EEPROM ("0F0184F20B")
EEPROM ("0F01DOD2&3")
EEPROM ("04129C1E43")
EEPROM ("0000000000")
EEPROM ("0000000000")

Ragel:
HIGH Enabkle
LOW Latch

'

Main:

LOW Enable

SERIN RX, T2400, (50A)

SERIN RX, T2400, tag0, tagl, tag2, tag3,
SERIN R¥, T2400, tags, tage, tag7, tags,
HIGH Enakle

Check List:
FOR taglum = 0 TO LastTag

wvalid tags

space for other tags

GOTO Main

tagd
tago

pntr = taglum * 10 + 0 ; RERD pntr, char

IF char <> tag0 THEN Bad Char

pntr = tagNum * 10 + 1 : READ pntr, char

IF char <> tagl THEN Bad Char

pntr = taglum * 10 + 2 : REARD pntr, char

IF char <> tag2z THEN Bad Char

pntr = taglum * 10 + 3 : RERD pntr, char

IF char <> tag3 THEN Bad Char

pntr = taglum * 10 + 4 : READ pntr, char

IF char <> tagd THEN Bad Char

pntr = taghum * 10 + 5 ¢ READ pntr, char

IF char <> tag5 THEN Bad Char

pntr = tagNum * 10 + & : READ pntr, char

IF char <> tagé THEN Bad Char

pntr = taglum * 10 + 7 : READ pntr, char

IF char <> tag7 THEM Bad Char

pntr = taghum * 10 + & : READ pntr, char

IF char <» tag® THEN Bad Char

pntr = tagNum * 10 + 9 : READ pntr, char

IF char <> tag? THEN Bad Char
GOTO Tag Found
Bad Char:
NEXT

Bad Tag:
SOUND Spkr, (25, 80)
PAUSE 1000
GOTO Main

Tag_ Found :
DEBUG #tagllum, CR
HIGH Latch
SOUND Spkr, (114, 1&5)
LOW Latch

Farallax, Inc. = RFID Reader Module (#28140) -Updated

turn of RFID reader
lock the door!

activate the reader
wait for header
get tag bytes

deactivate reader

scan through known tags

read char from DB
compare with tag data

all match -- good tag

groan

for testing
remove latch
beep

restore latch

0872006 v1.1

END
I
i
N Files . .. RFID.BS2
! Purpose. RFID Tag Reader / Simple Sscurity System
i Author. . (¢) Parallax, Inc. -- All Rights Reserved
' E-mail,. support@parallax  con
‘ Started.
& Updated. 07 FEB 2005
i
! {4sTRMP BS2)

t {4PBRSIC 2.5}

! Reads tags from a Parallax RFID reader and compares to known tags (stored
the program will disable a lock.

! in EEPRCM table) .

Enable PIN
RX PIN
Spkr PIN
Latch PIN

b= -[ Censtants 1-

#SELECT $STAMP

#CASE BS2, BS2E, BSZPE

If tag is found,

W o

low = reader on
serial from reader
speaker output
lock/latch control

T1200 con 813
T2400 coN 396
T4800 con 188
TG00 coN 84
T19K2 coN 32
TMidi con i
T38K4 coN 5
#CRSE ES28X, BS2P
T1200 cow 2063
T2400 coN 1021
T4800 con 500
TG00 coN 240
T10K2 con 110
TMidi con &0
T38K4 cow 45
#CRSE BS2PX
T1200 con 3313
T2400 con 1646
T4800 con 813
TE00 con 395
T19K2 con 188
TMidi con 108
T38K4 CoN 84
#ENDSELECT
Page 7 Parallax, Inc. » RFID Reader Module (#28140) -Updated 09/2005v1.1 Page 8
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SevenBit CON $2000
Inverted CON 44000
Open {ala10} 48000
Baud COoN T2400
HSELECT S5TAMP
#CASE BS2Z, EB32E
TmdAd [Son 8100 ! x 1.0 (time adjust})
Fradj CON 4100 ' x 1.0 (freq adjust)
#CRSE BS2ZSX
Trad] CON sz80 I oS
Fradj [aleit 4066 ' x 0.4
#CASE BSZP
Tmady coN 4305 ' X377
Fradj CON S0d4 ' X 0.265
#CRSE BSZPE
ToAds CON 4100 ' x 1.0
Fradj (elein] Somn ! X 0,665
#CASE BSZPx
TmAd] CON 4607 ' x 6.03
Fradj lolaiif &2n ' x 0.166
HENDSELECT
LastTag CON 3
#DEFINE No SPRAM = ($STRMP < BS2F) ! does module have SPRAM?
Voo [ Vardables J-----ommoomm oo
#IF No SPREM #THEN
buf VAR Eyte (10) ! RFID bytes buffer
#ELSE
chkChar VAR Byte ! character to test
HENDIF
tagiium VAR Hib ! from EEPROM table
idx VAR Byte ! tag byte index
char VAR Byte ! character from table
i [ EEPROMEDEES et e L s
Tagl DATA "OF0184F20B" ' walid tags
Tag2 DATR "OF01DYD263 "
Tag3 DATA "04123C1B43"
Name 0 DATA "Unauthorized", CR, 0
Hamel DATA "George Johnston"', CR,
Hame2 DATR ApieicMidartl GRY S0
Hame3 DATAR "Mary Ewvans'", CR, 0
5o TR ol P e i Sl e B B
Reset :
HIGH Enable ! turn of RFID reader
LOW Latch ! lock the door!
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Main:
LOW Enable
#IF  No SPREM #THEN
SERIN BX, T2400, [WAIT(502), STR bufilo]
#ELSE
SERIN EX, T2400, [WAIT(30R), SPSTR 10]
#ENDIF
HIGH Enable

Check List:
FOR taglium = 1 TO LastTag
FOR idx = 0 TO 9
READ (tagMum - 1 * 10 + idx), char
#IF _ No_ SPRAM #THEN
IF (char <> buf (idx)) THEN Bad Char
#ELSE
GET idx, chkChar
IF (char <> chkChar} THEN Bad_Char
#ENDIF
NEXT
GOTO Tag Found

Bad Char:
WEXT

Bad_Tag:
taglfum = O
GOSUB Show Name
FREQOUT Spkr, 1000 */ Tmadi, 115 */ Frad]
PRUSE 1000
GOTO Main

Tag Found:
GOSUB Show MName
HIGH Latch
FREQOUT Spkr, 2000 */ Twadj, &80 */ Fradj

LOW Latch
GOTO Main
END

! Prints name associated with RFID tag

Show Name :
DEBUG DEC taglum, ": "
LOOKUP taglum,
[Mame 0, Namel, Name2, Name3], idx
DO
READ idx, char
IF (char = 0} THEN EXIT
DEBUS char
idx = ddx + 1
LOOP
RETURN

activate the reader

wait for hdr + ID

deactivate reader

scan through known tags
Scan bytes in tag
get tag data from table

compars tag to kable
read char from SPRAM
compare to table
all bytes match!l

try next tag

print message
groan

print name
remove latch
beep

restore latch

point to first character

read character from name
if 0, we're done
otherwise print it
point to next character
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GETTING STARTED

The Axiom CML12S-DP256 single board computer is a fully assembled, fully functional
development system for the Motorola MC9812DP256 microcontroller. Provided with wall plug
power supply and serial cable. Support scftware for this development beard is provided for
Windows 95/98/NT/2000/XP cperating systems.
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This development board applies option selection jumpers. Terminology for application of the
option jumpers is as follows:

Jumper on, in, or installed = jumper is a plastic shunt that fits across 2 pins and the
shunt is installed so that the 2 pins are connected with the shunt.

Jumper off, out, or idle = jumper or shunt is installed so that only 1 pin holds the shunt,
no 2 pins are connected, or jumper is removed. It is recommended that the jumpers be
idled by installing on 1 pin so they will not be lost.

Development board users should also be familiar with the hardware and software operation of
the target HCS12 device, refer to the Motorola User Guide for the device and the CPU12
Reference Manual for details. The development board purpose is to assist the user in quickly
developing an application with a known working environment or to provide an evaluation
platform for the target HCS12. Users should be familiar with memory mapping, memory types,
and embedded software design for the fastest successful application development.

Application development maybe performed by applying the embedded MON12 (default) or
NOICE firmware monitors, or by applying a BDM cable with supporting hest software. The
MON12 monitor provides an effective debug method for assembly level software, but has
limitations in C code developments. For C/C++ code development it is recommended that
source code or symbolic debug capability be provided in the debugging environment. The
NOICE monitor or BDM interface with supporting software tocls should be applied for C/C++
code development so the host PC can provide the symbolic support needed. User should
verify the NOICE or BDM development environment supports the C compiler to be applied, not
all development environments support all compilers.

The MON12 and NOICE monitors are provided in the development board HCS12 internal flash
memory and apply some HCS12 resources for operation. See the respective chapter for each
moenitor for details on operation and resources applied. User should note both moniters apply
operation of the HCS12 expanded wide mode data and address bus on HCS12 /O ports A, B,
E, and K for access to the external Ram. The external ram provides a development memory
where code to be debugged can be loaded or modified quickly and software breakpoints
applied. After the application is tested, the code can be relecated to the internal lash memory
space of the HC812 and programmed inte the flash memory for dedicated operation.

User applications developed by applying MON12 or NOICE monitors can be modified and
reloccated for cperation as a stand-alene application. By applying the MON12 Autostart
feature, the user application will operate from Reset or Power on conditions to provide a
dedicated operation of the application. See the Autostart section in this manual for more
information.

Follow the steps in this section to get started quickly and verify everything is working correctly.

3
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Installing the Software
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1. Insert the Axiom 68HC12 support CD in your PC. If the setup program does not start, run
the file called "SETUP.EXE" on the disk.

2. Follow the instructions on screen to install the support software onte your PC.
You should at minimum install the AxIDE for Windows software.

3. The programming utility “AxIDE” requires you to specify your board. You should select
"CML12SDP256" version of your development board.

Board Startup

Follow these steps to connect and power on the board for the default Menitor operation. This
assumes you're using the provided AxIDE utility (installed in the previous section) or a similar
communications terminal program on your PC. If you're using a different terminal program
than the one provided, set it's parameters to 9600 baud, N,8,1.

1. Setthe CML128xxx board Option jumpers to default positions:
MEM-EN =IN, ECS =N, JP1 = IN, NOAUTO (SPARE) = IN
MODC = Qut, JP2 = do not care, see COM Ports.

2. Connect one end of the supplied 9-pin serial cable to an available serial COM port on your
PC. Cennect the other end of the cable to the P-COM port oh the CML12Sxxx board.

3. Apply power to the board by plugging in the power adapter that came with the system.

4. If everything is working properly, you sheuld see a message to “‘PRESS KEY TO START
MONITOR..." in your terminal window. Press the ENTER key and you should see:

Axiom MON12 - HCl2 Monitor / Debugger V256.x
Type "Help" for commands..

>

5. Your board is now ready to use! If you do not see this message prompt, or if the textis
garbage, see the TROUBLESHOOTING section at the end of this manual.

Support Software

There are many programs and documents on the included HC12 support CD you can use with
the CML12Sxxx board.  You should install what you want from the main menu then browse
the disk and copy what you like to your hard drive.
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At minimum, you should install the AXIDE program. This provides the flash programming utility
and communication with the board via the COM port and the supplied serial cable. This
program includes a simple terminal for interfacing with other programs running on the
CML128xxx and infermation from your own programs that send output to the serial port.
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Also on the disk are free assemblers AS12 and MCU-EZ, the open source GNU C/C++
compiler tools for HC11/12, example source code, and cther useful software. The introductory
tuterial in this manual uses the free AS12 assembler integrated into the AxIDE pregram. This
is a simple assembler with limited capability. For a more powerful assembly tool, install the
Motorola MCUez program from the CD. This will allow you to use PAGED program memory in
your application.

Software Development

Software development on the CML12Sxxx can be performed using either the MON12 monitor
installed in internal FLASH of the MCU, a third party debugger (Debugi12, NolCE,
CodeWarrior, etc.) or a Background Debug Module (BDM) connected to the BDM PORT
connector. Any of these tools can be used to assist in creating and debugging your program
stored in RAM (see Memory Map).

After satisfactory operation running under a debugger, your program can be written to Internal
Flash Memory using the included pregramming utilities. The Mon12 firmware in the MCU flash
provides the interrupt vectors in Ram memery and an Autostart feature te launch your
application. Your program may then run autoematically whenever the board is powered on or
RESET is applied.

TUTORIAL

This section was written to help you get started developing software with the CML128XXX
board. Be sure to read the rest of this manual as well as the documentation on the disk if you
need further information.

The following sections take you through the complete development cycle of a simple "hello
world" program, which sends the string "Helle World" to the serial port.

Creating Source Code

You can write source cede for the CML12SXXX board using any language that compiles to
Motorola 68HC12 instructions. Included on the software disk is a free Assembler, AS12.

You can write your source code using any ASCII text editor. You can use the free EDIT,
WordPad, or Notepad programs that come with your computer. Note that the source file must
be simple ASCII text without any document formatting added. Once your source code is written
and saved to a file, you can assemble or compile it to a Motorcla S-Record (hex) format. This
type of cutput file usually has a MOT, HEX or .819 file extensicn and is in a format that can
be read by the programming utilities and programmed into the CML12SXXX board.
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It is important to understand the development board's use of Memory and Addressing when
writing source code so you can locate your code at valid addresses. For example, when in
debug mode, you should put your pregram CODE in External RAM. In assembly language,
you locate the code with ORG statements in your scurce code. Any lines following an ORG
statement will begin at that ORG location, which is the first number following the word ORG,
for example: ORG $4000. You must start your DATA (or variables) in a RAM location unused
by your program, for example: ORG $1000.
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In “debug mode” youll be using a debugger utility (Men12, NolCE, etc) which will handle
initialization, interrupts vectors {reset, timers, etc), and the STACK. When finished debugging,
you must add cede to your application to handle the initialization of the CPU, STACK and
possibly the Interrupt vectors. Some initialization is required to set the bus frequency, bus
mode, internal EEprom and Flash memory programming clock rates, and others, see the CML-
INIT.ASM file for a sample. Set the stack at the top of your available intemal RAM below the
Ram interrupt vector table, for example $3F80, in assembly this would be LDS #$3F80. Also
install the RESET vector address in the Auto Start area, see the chapter in this manual.

If you are applying a software development tool that also provides a BDM cable interface to the
board, the menitor installed in the flash is not required. The BDM software teols may have the
capakility to erase and program the flash memory. If this is the case, you may develop code in
the external ram memory or internal flash without applying the menitor resources. The MON12
8 record is provided on the support CD to program into the flash if desired. The BDM will
allow locating programs in memory and applying resources reserved for the monitors.

A look at the example programs on the disk can make all of this clearer. If you're using a
compiler instead of an assembler, consult the compiler documentation for metheds used to
locate (MAP) your code, data and stack.

Assembling source code

An example program called “HELLOASM" is provided under the \EXAMPLES\CML12
directory of the CD and if you installed AXIDE, under that programs \EXAMPLE directory. You
must use the example for the MCU type installed on the CML12Sxxx board. For example use
the CML12S-DP256 example on the DP256 version board.

You can assemble source code by using the AXIDE "BUILD" button eor command line tocls
under a DOS prompt by typing:
AS1Z HELLO.ASM -L HELLO

Most compilers and assemblers allow many command line cptions so using a MAKE utility or
batch file is recommended if you use this method. Run AS12 without any arguments to see all
the options, or see the AS12.TXT file on the disk.

The utility software, AxIDE, provided with this board contains a simple interface to this
assembler. Use it by selecting "Build" from its menu. This will prompt you for the file to be
assembled. NOTE: You must select your board from the pull down menu first, or it may not
build correctly.

DO NOT use long path or file names (> 8 characters). The free assembler is an older DOS
based tool that does not recognize them.
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If there are no fatal errors in your source code, 2 output files will be created:

HELLO.S19 a Motorola S-Record file that can be loaded or programmed into
memory
HELLO.LST a common listing file which provides physical address information

with resulting opcode and cperand informaticn. Warnings and error
messages are provided with a summary at the end of the file.

The listing file is espedially helpful to look at when debugging your program. If your program
has errors, they will be displayed in the listing or fatal errors will prevent output from being
generated. The end of the listing file generally provides a count of errors or warnings in the
file.

If you prefer a windows integrated programming envircnment, try the Motorcla MCU-EZ tools.
Refer to the MCU-EZ documentation on the disk for more information.

Also, a port for the free GNU C compiler and teols for the HC12 is available on the CD under
\Shareware and also online at www.gnu-m68hc11.org. Note that this version does not
support HC12 Paging operation, check the web site for updates.

Running your application

After creating a Motorola S-Record file you can "upload" it to the development board for a test
run. The provided example “HELLO.ASM” was created to run from external RAM so you can
use the MON12 Moniter to test it without programming it inte Flash.

If you haven't done so already, verify that the CML128xxx board is connected and operating
properly by following the steps under “GETTING STARTED” until you see the Mon12 prompt,
then follow these steps to run your program:

1. Press and release the RESET button on the CML12Sxxx board. You should see the
PRESS ANY KEY message. Hit the retum key . to get the monitor prompt.

2. TypeLoAD J
This will prepare Mon12 to receive a program.

3. Select Upload and when prompted for a file name select your assembled program file in s-
record format that was created in the previous section called: HELLC.S18
Your pregram will be sent to the board through the serial port.

4. When finished loading you will see a done message and the > prompt again. Type GO
4000 J
This tells MON12 to execute the program at address $4000 hex, which is the start of our
test program.

5. If everything is working properly you should see the message “Hello World” echoed back to
your terminal screen. Press RESET to return te the monitor.

6. If you do not get this message, see the TROUBLESHOOTING section in this manual
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You can modify the hello program to display other strings or do anything you want. The
procedures for assembling your code, uploading it to the board and executing it remain the
same. MON12 has many features such as breakpoints, memory dump and medify and simple
program trace (no redirect of the PC is followed). Type HELP at the MON12 prompt for a
listing of commands or consult the Mon12 documentation on the disk for more information.

For a more powerful debugger with many advanced features such as source level debugging,
you can use the NolCE debugger software. A full-featured demo versicn is provided on the
CD, which you can use to get started. NOTE: To use this program instead of MON12 you
must set the Autostart, see the NOICE chapter for details.

Programming HCS12 Flash EEprom

After debugging, you can program your application into Flash Memory so it executes
autematically when you apply pewer to the board as follows:

1. Make a backup copy of HELLO.ASM then use a text editor to medify it.

2. Remove the comment'; ' character before one of the following lines to initialize the stack
pointer which is necessary when running outside of a debugger:

LDS #53FBO ; initialize stack location..

3. Re-Assemble HELLO.ASM as described in the "Assembling Source Code" section.

4. Select Program from the AxIDE menu and follow the message prompts. When prompted
for a file name, enter the new HELLO 819 file.

5. Press the RESET button on the board before clicking OK. When prompted to Erase,
choose Yes.

6. When finished programming, Reset the board to get the Moniter prempt again. Use the
monitor AUTO command to set the Autostart Reset vector:

=AUTO 4000 .
AutoStart ON, effective address = 400C
>
7. Verify AUTO OFF option jumper is notinstalled. (Spare jumper on revision C boards)

8. RESET or re-apply Power te the board. Your new program should start automatically and
the “Hello World” prempt should be displayed in the terminal window.

To return to the MON12 monitor program, install the AUTO OFF option jumper then press
RESET. Execute the monitor command NOAUTO fo disable the Autostart and allow removal
of the Auto Off option jumper for normal operation.
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MON12 OPERATION

Men12 is an embedded monitor / debug utility that allows loading a compiled software program
(S record) into Ram memory for testing and debug. The menitor may control the execution of
the scftware by applying the SWI software interrupt service. Other features allew memeory and
register examination or modification.
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Communication with the monitor is provided on the HCS12 SCIQ serial port or COM port on the
development beard. Default settings are 9600 baud with 8/n/1 bit settings. Flew control is not
provided sc the host PC communication software should be set 1o None or Hardware flow
control. AxIDE utility software is recommended for use on a windows based host PC.

The moniter relies on resources from the HCS12 target to provide the menitor environment.
The rescurces include 16K bytes of flash memory and 512 bytes of internal ram memory. The
user must respect the monitor's memory map when applying the monitor to help debug code.
Restricted memory areas:

Monitor Program space: 0xC000 - 0XFFFF Flash or Flash Page $3F.

Monitor Data space: 0x3E00 - 0x3FFF, Internal Ram.

Monitor Censcle: COM Port and SCI0.

Monitor Autcstart: 0xFEC - OXFEF, Internal EEprom.

Menitor application provides for redirection of interrupt vectors through the ram based interrupt
table, initialization of SCIO serial port, initialization of HCS12 flash and EEprom pregramming
clock rates, initialization of 8 MHz E clock from 4Mhz reference crystal, and detection of auto
start enabled operation. The HCS312 memory map is fixed under monitor operation.

The moeniter provides for interrupt vectors in the monitor data space from Cx3F8A - Ox3FFD.
The vectors are in the same order as the default hardware table for the HCS12 located at

address OxFFBA - CXFFFD (see table). The Reset vector is reserved, user should apply Auto
Start for application starting from Reset.

MON12 cperation notes:

1. CML12S-DP256 monitor application configures target HCS12 for 8MHz E clock, lower flash
block (page $3E) disabled from memory map, and external access clock stretch set to 3
cycles. User can increase clock speed in application by modifying PLL centrol and setting
new baud rate for serial port. Defaults will return whenever monitor is Reset.

2. Mon12 will not trace into interrupts. To trace an interrupt service set a breakpoint in the
service routine and then trace.

3. Moen12 trace is limited to expecting the next linear address. Program counter modification,
branches, calls, or subroutines will not trace correctly.

4. Menitor start-up procedure:

A) Determine if Auto Start in enabled and proceed to vector if not a value of $FFFF.

]
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B) Set Stack, Initialize memory map and SCI0 port and send prompt.

C) Receive first character from Consocle port and execute monitor if ASCI| text / command,
else start utility mede for pregramming services.

Mon12 Monitor Commands

AUTO [<Address>]

Enable Auto start, address is the vector

NOAUTO Disable Auto start

BF <Startaddress> <Endiddress> Fill memory with data

[<data>]

BR [<Address>] Set/Display user breakpoints

BULK Erase entire on-chip EEPROM contents

CALL [<Address>]

Call user subroutine at <Address>

G [<Address>]

Begin/continue execution of user code

HELP

Display the Mon12 cemmand summary

LOAD [P]

Load S-Records intc memory, P = Paged S2

MD <StartAddress> [<EndAddress>]

Memory Display Bytes

MM <Address>

Modify Memory Bytes (8 bit values)

MA <Address>

Modify memory Words (16 bit values)

MOVE <StartAddress> <EndAddress>
<DestAddress>

Move a block of memory

RD

Display all CPU registers

RM

Modify CPU Register Contents

STOPAT <Address>

Trace until address

T [<count>]

Trace <count> instructions

MON12 Interrupt Support

All interrupt services under MON12 are provided through the ram vector table, see Table 2.
Each location in the table is initialized to a value of $6000 to cause the trap of an unscheduled
interrupt.  Any nonzerc value will allow the interrupt to proceed to the user's service routine
that should be located at the provided address value. Interrupt service delay is plus 21 cycles
over standard interrupt service.

To use vectors specified in the table, the user must insert the address of the interrupt service
routine during software initialization into the ram interrupt table. For an example, for the IRQ
vector, the following is performed:

Example: IRQ Service routine label = IRQ_SRV

Ram Vector Table address is defined in takle below, IRQ vector definition:
VIRQ EQU $3EF2 ; define ram table vector location

Place IRQ service routine address in the table:
MOWVW #IRQ_SRV,VIRQ

This vector initialization should remain after debug when auto start will be applied for launching
the user's application. Note that the user interrupt service routines must be located in the
$4000 - $7FFF address range for correct operation. See Autostart for more details.

10
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MON12 and NOICE Memory Map
ADDRESS | TYPE MEMORY MEMORY APPLICATION
$C000 - FLASH MON12, NOICE, and Utility firmware located in internal
$FFFF flash, Page $3F.
$8000 - External Ram | User Paged Program Memory space, pages $20 - $2E.
$BFFF
Note: Pages $30 - $3F reside in the internal flash.
$4000 - External Ram User Program Memory, emulate fixed page $3E.
$7FFF
$3F8C - Internal Ram Ram Interrupt Vecter Table
$3FFD
$3E00 - Internal Ram Monitor reserved ram memory. Stacks and variables.
$3F8B
$1000 - Intarnal Ram User Internal Ram memory
$3DFF
$0400 - Internal EEprom | User EEprom memory, Monitor reserves $FEC - $FEF for
$0FEB Autostart, user should avoid $FFO0 - $FFF memory use.
$0000 - HCS12 Registers | Monitor or user access to control registers.
$03FF

NOICE OPERATION

NOICE is a development software provided by www . NOICEdebugger.com. NOICE provides a
development environment that is supported by the NOICE host PC software. This
development environment has the capakility to provide symbolic debug for C source codes
and compilers for a low cost. A fully functional software version is available on the support CD
that will operate in demonstration mode. The user should register the software and download
the latest version from the above web site to get full suppert. See the NOICE documentation
for details.

The CML128-DP256 provides the NOICE debug monitor kernel as a subset of the MON12
menitor in reserved flash memeoery. User may apply the NOICE development system by setting
the MON12 Autostart for the $F800 vector, reset the board and launch the NOICE host
software on the PC. The NOICE monitor kernel applies the same resources, memory map,
and ram interrupt table as the MON12 monitor. NOICE operation notes:

Baud Rate = 19.2K baud 8/n/1
E clock frequency = 24MHz

11
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BDM OPERATION

The CML123-DP256 board will emulate supported HC12 device internal flash memory in
external ram. This feature allows BD'M (Background Debug Modules) such as the AX-BDM12
to load and control the executicn of code being developed without the necessity of the internal
flash memory being programmed many times during the development process. This feature
improves updating time and allows the use of may software breakpoints instead of being
limited to only 2 hardware breakpeints.

0i1/30/04

Operation Notes for BDM use:

1) CML12S-DP256 MODC Option Jumper should be installed if a BDMis connected to
the BDM Port. Default Mode is single-chip so the MODC option installed will force
Special Single-chip Mode cn Reset.

2) The BCM initialization of the HC12 should set the correct operating MODE (Expanded
Wide for memory access). The EME, EMK, LSTRB, RW, ROMEN and Stretch
configuration bits should be set for proper external memory access cperation. The
Axiom support CD contains sample set-up macros for the AX-BDM12.

&) While using the BDM, the user has full control over the memory map and hardware
resources of the HCS12. The no resources are required to be reserved for meniter use
and the user can apply the actual HCS12 interrupt vector table located at OxFF8C -
OxFFFF.

AUTOSTART

The MON12 Monitor allows an Autostart operation to launch user applications programmed
into the HC812 internal flash fixed page (33E) addresses 0x4000 - x7FFF from Reset. The
Autostart mask and vector are stored in the nonvolatile internal EEprom at addresses $FEC -
$FEF. The monitor provides special commands, AUTO and NOAUTO, to enable and disable
the Autostart on the next Reset sequence. After an Autostart is enabled with a valid user
vector, user application code will be started after Reset instead of the monitor or utility
programs. To recover monitor operation after Autostart has been enabled, the AUTO OFF
(Spare option on Revision C boeards) opticn jumper can be installed or a low level applied to
the XIRQ signal and Reset applied.

User application must perform all initialization including Stack setting, hardware startup, and
external memory bus enable if needed, when the Autostart is applied. MON12 Ram Interrupt
Vector table must also be applied in the same manner as under MON12 supervision or
application interrupts will be trapped instead of serviced. See the CML12S.asm file for sample
start-up initialization code.

Developing an application under MON12 or NOICE for Autostart should follow these steps:

1) Follow the MON12/ NOICE memory map and apply startup initialization and interrupt
service routines in the 0x4000 - Ox7FFF memory area.
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2) After development by applying ram memory program pages $20 - $2D, user should
relocate the paged program code to internal flash pages $30 - $3D for programming into
the flash memery. The user code in memory area 0x4000 - 0x7FFF will translate to the
lower fixed flash page $3E for programming operations. User variables and stack, as well
as interrupt vectors should stay in the internal ram area 0x1000 - Gx3E8BC (monitor stack
and variables not needed). Then set the Autostart vector for application launching.

01/30/04
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If the Autostart application fails to start after programming, user should review all
initialization and memory mapping first. Make sure the AUTO OFF (Spare) Option jumper
is idle or open. If the application applies the XIRQ interrupt, the interrupt must be idle (high
level) during any Reset sequence. Hardware may need to be applied if XIRQ signal level
cannot be guaranteed high during Reset.

&

To perform a test Autostart and apply the external ram for program space the following
precaution should be observed:

Expanded Wide Mode bus operation must be enabled from internal Ram space before
access to the external ram can be perfermed. Use CML12S.asm file for an example
and locate the PEAR/MODE Register write in internal ram space 0x1000 - Ox3F80.
Program pages $20 - $2D should be applied. Code must be loaded and tested without
powetring down the development board (use Reset Switch).

OPTIONS and JUMPERS

MEM_EN

The MEM_EN option jumper is installed by default and enables the external ram memory on
the expanded HCS12 address and data bus. Removing the MEM_CS option jumper will allow
single-chip I/O port type operation of HCS12 ports A, B, E, and K {no bus enabled) without
external memory interference.

ECS

The ECS option installed enables the Emulation Chip Select signal from the HCS12 to drive
the upper address lines from HCS12 Port K 1o the external Ram cn the CML12S board. With
the option open or idle, only the linear 64K byte address map is available on the external
address / data bus. ECS installed is required to emulate flash pregram pages in the external
ram memory.

MODC

The MODC optich jumper provides Special Mode enable during Reset. This opticn must be
open or idle when operating with the MON12 or NOICE monitors. If a BDM cable is applied to
BDM port, the MODC opticn must be installed to enable Special Mode. Failure to install the
MODC jumper during BDM applicatiecn may cause communication problems with the host.

13
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AUTO OFF / spare

The AUTO OFF (Spare on REV C. board) option jumper installed defeats the Autostart
operation so the MON12 monitor will provide a command prompt.  The jumper applies a
ground potential to the XIRQ* interrupt line. User should eonly install the jumper to restore
monitor operation, perform the MON12 NOAUTO command to disable the Autostart, and
remove of idle the jumper. MON12 operation will then be provided on subsequent Reset
conditions.

0i1/30/04

MODE

The MODE option jumper is net installed on the CML12S-DP256 board and is hard connected
by circuit copper trace for Single-chip Mode operation of the CPU. Both the MODA and MODB
signals are terminated by this option. Due to the restriction that the HCS12 internal flash
memory is the only nonvolatile pregram memory provided on the board, single Chip Mode is
default. All other Modes can be enabled under software control from this mode of cperation.

The MODE option jumper may be installed by the user by cutting the hard trace and applying 2
header pins with a shunt jumper. With the shunt jumper removed, the Reset mode will then be
Normal Expanded Wide. (Note: mask set 1K78X and earlier will not fetch the Reset vector
from external memory in this mode).

OSC_SEL

The OSC_SEL option jumper is not installed on the CML12S-DP256 board. The default
cenfiguration is for the provided 4MHz reference crystal to provide the HCS812 oscillater. If the
user requites an external clock to be applied, two header pins and shunt jumper can be
applied to select the alternate clock source. User should refer to the HCS12 User Guide and
CML12S board schematic for proper application of the external clock.

ROM_OFF

The ROM_OFF opticn jumper is nct installed on the CML128-DP256 beard. The default
configuration is that the internal flash memory of the HCS12 is enabled at Reset. The user
must add external nenvolatile memory to the CML12S board to take advantage cf this option.
If the external memory is applied, the user may install the two header pins and shunt jumper to
select internal or external memory use form Reset.

JP1 and JP2

JP1 and 2 option jumpers provide an easy method of connecting or isolating the HCS12 SCI0
and SCI1 serial channel RXD pins respectfully from the provided on-board RS232 transceiver.
To apply the RXD pins cn the SCI channels for other user applications requires that the
transceiver driver be removed from the HCS12 pin. User may then apply signals to the
respective pins at the MCU PORT connector without driver conflict. Please note that the on-
board monitor(s) require HC312 SCI channel 0 (JP1 installed) for user interface.

14
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CUT-AWAY OPTIONS 1 -6

CUT-AWAY opticns allow the user to disconnect dedicated HCS12 /O pert rescurces from
development board peripherals. The CUT-AWAY optiocns also allow for establishing the
connection again by installing surface mount 1206 size G ohm resistors or mod wire with the
use of a scldering iron. Normal operation of the development board generally does not require
any manipulation of the CUT_AWAY options.

#1 Cut-Away: HCS12 Port S5/MOSI signal to the LCD_PORT shift register.
#2 Cut-Away: HCS12 Port S7/330 signal to the LCD_PORT shift register.
#3 Cut-Away: HCS12 Port S6/SCK signal to the LCD _PORT shift register.

#4 Cut-Away: HCS12 Oscillator Crystal ground, if another crystal is applied by the user this
connection may require a capacitor to be installed. Refer to the HCS12 CGM module
information.

#5 Cut-Away: HCS12 Port MO/CAN_RXDO signal to the CAN port transceiver.

#6 Cut-Away: CAN Port Transceiver enable connection to ground. This connecticn enables
the CAN Port transceiver cutput to the CAN bus at all times. If the user wants tc apply cutput
enable or slew rate control to the transceiver, this option should be cut and 1206 size resistor
applied for slew rate or a HCS12 /O port applied for output enable control. See the
PCAB2C250 data sheet for applicatien information.

PORTS AND CONNECTORS

TB1 and J1 Power

The TB1 and J1 cennectors provide power input to the board or if J1 is used for input, TB1
maybe used to scurce additional circuitry. The J1 power jack accepts a standard 2.0 ~ 2.1mm
center barrel plug connecter (positive voltage center) to provide the +VIN supply of +7 to +20
VDC @ 80ma minimum (+9VDC nominal). TB1 provides access to the +VIN, GND (power
ground), HCS12 core VDD, and +5V power supplies. The CML12Sxxx power supply will
provide 50ma of +5V for user application. +VIN input power should enly be applied by J1 or
TB1, not both or a supply conflict may occur and the CML128xxx board could be damaged.
The VDD supply is for reference or external 2.5V input only and should not be lcaded by
external circuitry or damage to the HCS12 device may occur.
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The MCU_PORT provides access to the peripheral
features and I/O lines of the HCS12.

** Note signals with alternate connections on the
development board:

PBQ - 7 [DC - 7] provide address / data on the
expanded HCS12.

PKO - 5 [XA14 - XA12] provide high crder paged
address lines on the expanded HCS12.

PMO - 1 [CAN RXDG, TXD0] CAN channel 0to CAN
Port transceiver.

PS0 - 1 [COM Port RXDO, TXDO]
P82 - 3 [JP3 Port RXD1, TXD2]

PS4 - 7 [SPI Port] provides LCD_PORT serial
interface.

The ANALOG port provides access to the Port ADO and
Port AD1 Analog-to-Digital input lines.

PADO - PAD15 HC12 Port ADG-15is an input port or
ANO - AN15 A/D Converter inputs.

VRH /VRL HC12 A/D Converter Reference Pins. See
HCS12 A/D User guide. To provide an external reference
voltage, R3 and R4 need to be removed to apply external
VRH or VRL respectfully. See schematic.
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BUS_PORT
PAZ?Dq% ; i B: ;;Ei\\i Th_e BUS_PORT §uppoﬁs off-board memory devices
palios| 56 |D13PAs while the HCS12 is in expanded mode.
RAGIDE ) 1 e PAO/DS - PA7/D15 High Byte Data Bus in Wide

Expanded Mode. Port Ain Single Chip Mode.
A0 - A15 Latched Memory Addresses 0 o 15.

OE* Memory Output Enable signal, Active Low. Valid
with ECLK and R/W high.

WE* Memory Write Enable signal, Active Low. Valid
with ECLK high and RAV low.

RESET* HC812 active low RESET signal.

Al 11 12 |A2
Al10] 13 14 |A3
OE*| 15 16 | A4
Al1[ 17 18 |AS
AB| 18 20 |AB
AB| 21 22 |AT7
Al2| 23 24 |A13
WE*| 25 26 |A14
PE3/LSTRB* | 27 28 |A15
PES/MODCA | 28 30 | PE7/NOQACC **
PEG/MCDE | 31 32 |PEVIRQ®
+5V | 33 34 | PEC/ XIRQY*
PE2/RW| 35 36 | RESERVED
PE4/ECLK| 37 38 | RESERVED
GND | 38 40 |RESET"

KEYPAD / PORTH

The KEYPAD / PORT H connector provides interface for the HCS12 port H or applying a
keypad such as the Axiom Mig. HC-KP. When applied as a KEYPAD connector, the interface
is for a passive 4 x 4 matrix (16 key) keypad device.

[1 |PHO This interface is implemented as a software key scan. Pins PHO-3 are
[ 2 |PH1 used as column drivers which are active high outputs. Pins PH4-7 are
PH2 used for row input and will read high when their row is high.
4 |PH3 See the file Key12Dx . ASM for an example program using this
| 5 |PH4 connector.
| 6 |PH5
PH6
| 8 [PH?

P_COM1 and P_COM2

111 6 The COM-1 port has a Female DB9 connector that interfaces to
TXDCG|2 6|7 the HCS12 internal SCIC serial port via the U11 RS232
RXDO|3 7|8 transceiver. ltuses a simple 2 wire asynchronous serial

414 §|° interface and is franslated to RS232 signaling levels.

GND|5 8|X 1,4,6 connected and 7,8 connected

JP1 will isolate the SCI0 RXD pin from the transceiver.

17
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The 1,4,6,7,8, and 9 pins provide RS232 flow control and status. These are connected on the
on the bottom of the development board to provide NULL status to the host. User may isolate
pins and provide flow control or status connection tc the host by applying HC812 IO signals
and R8232 level conversion.

P_COM2

P_COMZ2 is a 3 pin header that provides the HCS12 SCI1 serial port franslated to RS232
signal levels. A solder cup DB9 style connector may be installed with wires and connector to
apply this channel. JP2 option will isolate the SCI RXD pin from the transceiver.
P_COM2 pin connections:

Pin 1 =TXD

Pin 2 = RXD

Pin 3 = GND / commoen
CAN PORT

This port provides a CAN Bus interface associated with HC312 CAN channel 0. The port has
a CAN Transceiver (Philips PCA82C250) capable of up to 1M Baud data rate. The user may
isolate the HCS12 CAN channel 0 from the transceiver by CUT-AWAY option 5.

CAN Port Connections

1 [GND The CAN Port connector provides an interface to the MSCAN12
2 (CAN-H channel 0 in the HCS12 microcontroller.

3 [CANL

4 |+5V

CAN BUS TRANSMIT ENABLE

The CAN port transceiver transmit driver is enabled for maximum drive and minimum slew rate
by default. The drive and slew rate may be adjusted by cutting CUT-AWAY #6 and adding a
1206 size surface mount resistor, see the PCA82C250 data sheet for more information.

CAN Bus transceiver transmit enable control can be applied to the port by the RS tie pad.
The user should select an available HCS12 1/0 port to perform the transmit enable function
and connect it from the MCU_PORT pin to RS pad as required. The CUT_AWAY #6 must be
open to apply transmit enable control. The transmit enable signal to the CAN transceivers is
active logic low.
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CAN BUS TERMINATION

The CAN port provides RC11,12, and 13 1206 SMT size termination resistors on the bottom of

the CML12Sxxx board that are not installed at the factory. The termination resistors provide

optional bias and termination impedance for the CAN bus connected 1o the CAN Port. Type of

wire media, data rate, length of wire, and number of CAN bus nodes can all effect the

requirement or value of the termination for the CAN bus. User should refer to panicular
lication for terminati i s,

RC11 CAN-H Bias Reslstor: Provides bias to ground potential.
RC13 CAN-L Bias Reslstor: Provides bias to +5V potential.
RC12 CAN Termination Resistor: Provides end peint termination between CAN-H and CAN-
L signal.

P1 - P4 HCS12 Header Ring

P1 - P4 provide a header ring for all /O of the HCS12 device. These connectors are not

installed,  User should refer o the CML128 board ar pin
connections, All HCS12 1/0 is available from the other 1/O Ports on the board.

LCD_PORT

The LCD_PORT interface is connected to the HCS12 SPIO port and applies a sedal shift
register to convert the data to parallel interface for LCD input, This is required due to the fast
timing characteristics of the HCS12 data bus and the slow timing of the standard LCD
Modules. Example LCD Port assembly language driver software is provided on the suppent CD
to demonstrate typical LCD module operation using this technique.

The imerface supporis all OPTREX™ DMC series and similar displays with up to 80 characters
in 4 bit bus mode and provides the most common pinout for a dual row rear mounted display
connector.  The LCD module VEE or contrast potential is 0 Volts on this board. The LCD
module type should be TN (Standard Twist) style and Reflective to support this VEE potential.
The Axiom Mfg. HC-LCD is alse compatible. The LCD Medule is configured in a Write only
mode, it is not possible to read cument cursor position or the busy status back from the
module.

LCD_PORT Connector

+5V] 2 1 |GND SPI data bit definiicns to LCD Port:

R3] 4 3 |VEE-GND D0 -D3=DB4-7, LCD data

EN| 6 | 5 |RW-GND D4 - D5 = Spare pins 1 and 52, not connected
DB1| 8 7 |DEQ D6 = RS, 0 =LCD Command, 1=LCD Data
oB3| 10 | 9 |DB2 D7 = EN, 1=LCD enable.
oBs| 12 | 11 |DB4 DBO -DB3 are not applied and have 10K pull-down
CB7 14 | 13 |DBG resistance.

NOTES:
18
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1) The LCD write requires 3 SPI transfers, Transfer 1 provides data 0 - 3 and RS (register
select) value. Transfer 2 provides the same data with the EN (D7) bit set  Transfer 3
provides same data with the EN bit clear.

LERETTLTY

2) Resistor R25 can be remaoved to apply and external VEE patential,
3) CUT-AWAY 1 - 3 provide a means 1o isolate the LCD Port from the HCS12 SPI channel.

BDM PORT
The BDM pertis a 6 pin header patible with the Backg: d Debug Moede (BODM)

Pod. This allows the connection of a background debugger for software development,
pregramming and debugging in real-time without using HC12 VO resources.

BGND[1 z2|GND See the HC12 Technical
3 4|/RESET documentation of the BDM.

5 B |+5V

Manual for

A Background Debug Module is available from the manufaciurer.

TEST POINTS

The following test points are provided on the development board:
EXTAL : HCS12 oscillator or external clock input pin,

XTAL : HCS12 oscillator output pin.

XFC : HCS12 PLL reference voliage and filter,

VDDPLL : HCS12 PLL voltage source test point,
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TROUBLESHOOTING

The CML12SXXX board is fully tested and operational before shipping. [f it fails to function
properly, inspect the board for obvious physical damage first. Ensure that all IC devices in
sockets are properly seated. Verify the communicaticns setup as described under GETTING
STARTED and see the Tips and Suggestions sections following for more information.

The most common problems are impropetly configured communications parameters, and
attempting to use the wrong COM port.

1. Verify that your communications port is working by substituting a known good serial device
or by doing a loop back diagnostic.

2. Verify option jumpers JP1 is installed and MODC is open / idle.

3. Verify Autostart is not enabled. Apply a ground level to the XIRQ signal on the
BUS PORT and press the Reset switch. If the menitor prompts, erase the internal
EEprom by performing a BULK command or disable the Autostart by following the
procedure in the Autostart chapter.

4. Verify the power source. You should measure a minimum of 9 volts between the GND and
+VIN connectiocns on the TB1 power connector with the standard power supply provided.

5. I no voltage is found, verify the wall plug connections to 115VAC outlet and the power
connector.

6. Verify the logic power source. You should measure +5 volts between the GND and +5V
connections on the TB1 power connector. If the +VIN supply is good and this supply is not
+5V, immediately disconnect power from the board. Contact support@axman.coem by
email for instructions and provide board name and problem.

7. Disconnect all external connections to the board except for COM1 to the PC and the wall
plug.

8. Make sure that the RESET line is not being held low.
Check for this by measuring the RESET Signal on the BUS PORT.

9. Verify the presence of a 4MHz square wave at the EXTAL pin or 8MHz E clock signal if
possible.

10. Contact suppori@axman.com by email for further assistance. Provide board name and
describe problem.
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Tips and Suggestions

Following are a number of tips, suggestions, and answers to common questions that will solve
many preblem users have with the CML128XXX development system. You can download the
latest software from the Support section of our web page at:

WWw .axman.com

Utilities

=« If you're trying to program memory or start the utilities, make sure all jumpers are
correct.

= Be certain that the data cable you're using is bi-directional and is connected securely to
both the PC and the board. Alsc, make sure you are using the correct serial port.

+ Make sure the correct power is supplied to the board. You should only use a 9 volt,
200mA minimum adapter or power supply. If you're using a power strip, make sure it is
tumed on.

+ Make sure you load your code to an address space that actually exists. See the
Memory Map if you're not sure. The MEM_EN and ECS options change the memory
map.

+ |If debugging under Mon12, make sure you're not over-writing internal RAM used by it.

« [f you're running in a multi-tasking environment (such as Windows™ ) close all programs
in the background to be certain no serial conflict ocours.

Code Execution

s Under Men12, breakpoints may not be acknowledged if you use the CALL command.
Yeu should use one of the GO command instead.

= Check the Autostart mask and reset vecter located in EEprom at OxFEC - OxFEF.
These 2 words contain the enable mask and address where user application execution
will begin when the unit is powered on.

+ When running your code stand-alene, you must initialize ALL peripherals used by the
micre, including the Stack, Serial Port, and pseudo Interrupt vectors etc.

= You must either reset the COP watchdog timer in the main loop of your code or disable
it when not running under Mon12 or BDM mode. The micre may enable this by default
and if you don't handle it your code will reset every few 100ms.

22



CML12SDP25S6 01/30/04

TABLE 1: LCD Command and Character Codes

Command codes are used for LCD setup and control of character and curscr position. All
command codes are written to LCD panel address $B5F0. The BUSY flag (bit 7) should be
tested before any command updates to verify that any previcus command is completed. A
read of the command address $B5F0 will return the BUSY flag status and the current display
character location address.

Command Code Delay
Clear Display, Cursor to Home $01 1.65ms
Cursor to Home 502 1.65ms
Entry Mode:
Cursor Decrement, Shift off $04 40us
Cursor Decrement, Shift on $05 40us
Cursor Increment, Shift off $06 40us
Cursor Increment, Shift on 507 40us
Display Control:
Display, Curser, and Cursor Blink off s08 40us
Display on, Cursor and Cursor Blink off | $0C 40us
Display and Cursor on, Cursor Blink off | $0E 40us
Display, Cursor, and Cursor Blink on $0F 40us
Cursor / Display Shift: (nondestructive move)
Cursor shift left $10 40us
Cursor shift right $14 40us
Display shift left $18 40us
Display shift right $1c 40us
Display Function (default 2x40 size) $3c 40us
Character Generator Ram Address set $40-57F  |40us
Display Ram Address and set cursor location | $80- $FF [40us

LCD Character Codes

$20 Space | $2D - | $3A 847 G| 854 T 361 A | $8E n | 87B {
$21 1 $2E . 338 848 H | $55 U 862 B | $6F o | $7C |
$22 $2F /| $3C { $49 | $58 Vv $63 C | 87¢ p | $7D }
$23 # $30 0| $3D = $4A J | $57 w $64 D | 871 o | $7E >
$24 8 $31 1| $3E } $4B K | $58 X $65 E | 872 r | $7F <
$25 % $32 2| $3F ? $4C L | $59 Y $66 F | 873 s

$26 & $33 3| $40 Time | $4D M| $5A Z $67 G| $74 t

$27 $34 4] $41 A $4E N | $5B [ $68 H| 875 u

$28 | $35 5| $42 B $4F ©C | $5C Yen| $69 | $76 v

$29 ) $36 6| 343 C $50 P | $5D ] $6A J | B77 w

$2A 7 $37 7| 34 D $51 Q| $5E ~ $6B K| $78 x

$2B + $38 8| %45 E $52 R | $5F _ $6C L | $79 ¥y

$2 $39 9| §46 F §53 S| $60 - 86D M| $7A z

[o3
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TABLE 2: MON12 Service Routine Jump Table

ADDRESS
f£10
Pl
ffle
££19
gl
- ity
f£22
f£25
ff28
fi2h
fize
31
££34
££37
fi3a
ff3d
f£40
ff43
ffag
££49
ffac
ffaf
tE52
££28
££58
il
ff5¢
6l
ffed
;i)

JMP
JMP
JMP

JMP
JMP

JMP
JMP
JMP
JMP
JMP
JMP
JME
JMP
JMP
JMP
JME

JMP
JMP
JMP
JMP
JMP
JME
JMP
JMP
JMP
JMP

MAIN
BPCLE
EPREINT
HEKBIN
BUFFARG
TERMARG
CHGBYT
CHGWCRD
READBUFF
INCBUFF
DECBUFF
WSKIP
CHEABRT
UPCASE
WCHEE.
DCHER
ONsCIn
INFUT
CUTPUT
OUTLHLF
OUTEHLF
OUTA
OUT1BYT
OUT1BSP
OUT2RBSP
CUTCELF
CUTSTRG
OUT2TRGO
INCHAR
VECINIT

warm start

clear breakpoint table

display user regilsters

conwert ascii hex char to binary
build hex argument from buffer
read hex argument from terminal
nodify memory byte at address in =z
nmodify memory word at address in =
read character from huffer
increment buffer pointer

decrement buffer pointer

find non-whitespace char in buffer
check for abort from terminal
conwert to upper case

check for white space

check for delimeter

initialize i/o device

low level input routine

low lewvel output routine

display top 4 bits as hex digit
display bottom 4 bits as hex digit
output ascii character in A
display the hex value of byte at X
outlbyt followed by space

display 2 hex bytes (word) at = and a space
carriage return, line feed to terminal
display straing at X (term with $04
outstrg with no initial carr ret
walt for and input a char from term
initialize RAM wector table
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TAELE 3: MON12 Interrupt Table
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MON12 Ram HCS12 Interrupt MON12 Vector
Interrupt Vector | Vector Address | TRAP code Source
SFEC FF&C [i] FUME
3FBE FF&E 4 FTRI
SFL0 FFan [i] CATH
SFB2 FFOZ [i] CARX
3Fa4 FFod 04 CIERR
3FOE FFOB [ CAWU
3FAa FFo8 e CIT®
SFOA FEOA il CAFEL
SFBC FFOC 12 CIERR
SFBE FFEE fd CEWL
SEAD FEAD 1Hi CETH
IFAZ FFAZ i TIRX
SEAL FEA4 Th CZERR
AEAR FEAB T CIWU
AEAR FEAS TE CTTX
SF A FEAA ] TR
dFAL FEALC = CIERR
SFEAE FFAE 24 WL
SFBEO FFBO Z COTX
3FEZ FFE2 5 CORX
SFE4 FFE4 A COERR
AFER FEBS 7 G
SFBE FFES E FEFRG
SFBA FFEA il EEFRG
SFEC FFEC k] SHIZ
SFBE FFEE 34 SFI1
3FCO FFCO £ 2T
SEC2 FFC2 Eg BOLC
AEC FFCa A CRGG
AFCH FFCB A0 CRGL
SFCE FFCE 3E PACEC
3FCA FFCA 40 RGNT
SFCC 42 FTHI
3FCE 43 Pl
SEDD 48 ADCT
AFOZ 4 ADCH
AF A G
SF 40 S0
F 4E SPI0
ok 50 FACAI
3F] 52 FACAD
3F] 54 ToF
F 55 ToT
AF 5% TGh
AF A Ch
AF 50 TC4
SFE: 5E [
SFEA il TCZ2
3FEC [ TCT
FE B TCo
SEE 3 RTI
3F i RG
3F) il IRG
3F) B B
5F) HE TRAF
SF Fil] CoP
i FFFC 72 CL
FFF RESET
25
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CML-9812DP512

Description: Low cost development systemn for the MC9812DP512

Product Image:
Get onginal file (61KH

Product Summary: The CML-9128DP512 1s a low cost development system for the Moterola
MCSS12DP512 Microcontroller, The board provides operation m Single-Chip Mode with the
Expanded Wide Bus available for expansion and development memory access. The system is
supplied with Monitor / Debugger installed with programming support utilities. Features provide
for sasy selection of operation mods, flash programming, BDM operation, keypad and LCD
module connections, and prototyping, All required power supphes and support software 15 mcluded
to complete and program an application.

Features: » MC9S12DF512 Features:

Upward code compatible w/ 68HC11

4K Bytes EEFROM

512K Byte Flash EEPROM

14K Byte SRAM

2 Enhanced SCI Ports

3 SFI Fort (Synchronous Serial)

5 CAN 2.0 A or B Interface

Two 8 Channel 10 Bit Analog Converters

Background Debug Port

Enhanced 16 bit Timer w/ 8 channels

of capture or ¢compare

14 Bit Pulse Accumulator

8 PWM Channels

Two 8 hit Key Wake-up ports



PLL Clock Oscillater Support

RTC and COP features

Upto 91 1/O

* 40z reference oscillator for up to 24MHz operation.
+ External Memeory: 236K Bytes (128K x 16) SRAM

+ COM1 Port  HC12 SCI0 w/ RS232 and DBYS connector
+ COM2 Port  HC12 SCI1 w/ RS232 and 3 pin header
+ INDICATORS Power and RESET.

+BUSPORT 40 Pin Socket Header

* MCU /O PORT - 60 pin Socket Header

+ Analog Port 20 pin Socket Header

+ CANPORT CAN 0 VO with 1M Baud Transceiver
+ LCD Moedule and Keypad Ports

« Solderless Prototype Area and Connections

+ Easy Power Connection and Tap points

+ Back Ground Debug (BDM) Port 6 Pin standard

Specifications: « 7 to 25VDC input to 5V Power Supply
* Operating Power: 60ma @ 5V

Paclage Contents: The Axiom development system provides for low cost software debugging with
the use of & Debug Menitor installed in the internal or external memory. Operation allows the user
to locate code in the On-Board RAM, set Break Points, Trace, and display or modify registers or
memory. After code is operational the user may relocate the code and program the MC9512DP512
infernal Flash for dedicated operation of new software. No additional hardware or software 1s
required. Board is compatible with standard HC12 BDM pods and software compilers that provide

an infegrated debug interface.
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