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Introduction:

(Project manager: Alexis Rodriguez-Carlson)

We are currently in the process of designing and building a prototype of the Smart Pet Feeder, an
automated pet feeder which will be suitable for use by cats and small dogs. The Smart Pet Feeder will solve
two problems which pet owners face, they 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

Though there are a variety of products on the market which solve the first problem, there are none which
address the second. The Smart Pet Feeder will give 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 will look like the model in Figure 1. It will consist of a tray which holds 6 cups of
food and will be mounted to a motor. The motor and the base will be 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 will rotate
and reveal 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 will be a radio frequency identification (RFID) reader mounted to the enclosure of the
feeder in front of the revealed bowl (see Figure 1). This reader will be paired with a tag on the forbidden pet’s
collar. When the reader receives the signal from the tag it will trigger the motor to rotate so that the spot on the

tray with no bowl is exposed, thus keeping the forbidden pet from eating.
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Figure 1: Model of the Smart Pet Feeder

The Smart Pet Feeder consists of three main systems: the Control System, the Motor System, and the
Feeder Enclosure (see Figure 2). Each system has a role or roles which it must fulfill. The Control System’s
purpose is to rotate the tray to a new dish at a programmable time, to rotate the tray to the blank spot if the
forbidden pet approaches the feeder, to keep and display an accurate real-time clock, and to allow the owner to
easily set both the current time and the time the feeder will rotate to reveal fresh food. The Motor System has to
be capable of receiving commands from the microcontroller and then rotating the fully loaded tray an exact
distance, and it also must not let the full weight of the tray sit on the shaft of the motor. The Feeder Enclosure
must be heavy enough so that a pet cannot turn it over. It must close securely enough that the pet cannot open it
and access the food. It must be opened easily so that the owner can refill the dishes, and must protect the
electronics inside of it. Also, all of the parts of the feeder that touch food must be washable. A block diagram

showing all of the systems and how they interact with one another is in Figure 2.
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Figure 2: System Block Diagram
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Progress-to-date:

Because the systems that make up the Smart Pet Feeder are so distinct, it is easiest to discuss them one

at a time. This section will give a detailed description of each system and how that system helps to fulfill the

requirements for the Smart Pet Feeder described above. It will start with the Control System, progress to the

Motor System, and end with the Feeder Enclosure.

The Control System:

The Control System consists of several subsystems: the Pet Sensing System, the Processing System, the

Time Keeping System, the Display System, and the Motor Driving System (this subsystem is also part of the

Motor System and will be discussed later). This section will detail the requirements for each subsystem in

Figure 3, the criteria used to select components, and describe the component that was ultimately chosen to be

used.
1
CONTROL
SYSTEM
PET PROCESS- TIME
SENSING ING KEEPING 2{,5;’1,1‘1?;
SYSTEM SYSTEM SYSTEM
TI;RKI;I)S RFID MICRO- PROGAM- SWITCH‘ — RIC ' Lop
CErvm{ READER | [PROCESSOR] MING CHIP PANEL
MAIN
PROGRAM
FEEDING PET MOTOR
TIME g’ﬁgglﬁiﬂ DETECT ROTATE
PROGRAM PROGRAM| |PROGRAM

Figure 3: The Control System
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The Pet Sensing System:

(Primarily responsible team members: Kristine McCarthy, Alexis Rodriguez-Carlson)

The Pet Sensing System fulfills the design objective to create a product that can distinguish between
different animals in order to not 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 then 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 still 4-6 inches away from the feeder

The first type of emitter/sensor system that we considered was an infrared emitter paired with a photo
transistor since it appeared to satisfy all of our requirements. We knew that the emitter could be mounted on a
pet’s collar, because this type of technology is already being used in products such as the Staywell Infrared Cat
Door (see Figure 4) (this cat door will only open to a cat wearing the correct infrared collar key). It offers no
health risks to the pet. Also, infrared sensors come in extremely small sizes, so it could be mounted easily on
the feeder and could be interfaced with the microcontroller via a signal conditioning circuit to covert the analog
output voltage to an on/off signal. The only condition that we were not sure it fulfilled was the distance the

sensor could be from the emitter before it reacted, tests were necessary to determine this.
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Figure 4: The Staywell Infra-Red Cat Door and the Infra-Red Collar Key [1]
To avoid the time and expense of designing an emitter system, we decided to use a Staywell Collar Key
(see Figure 5). This is a small enclosure which holds two batteries and a circuit board with an infrared LED

mounted on it.

Figure 5: The Staywell Infra-Red Collar Key [2]

After doing some research on infrared sensors, we decided to use a phototransistor. A phototransistor
reacts to changes in light with a change in the voltage output from the emitter. Since phototransistors are
relatively inexpensive, we ordered four different models to test with the collar key. Their average cost being
about $0.36 apiece.

The phototransistors we ordered were the Sharp PT501, the Sharp PT481, the Sharp PT4800F, and the
Fairchild QSC112. All of these phototransistors have only two leads, the collector and the emitter. With the
help of Joseph Diecidue, we tested them by connecting a 5V power supply to the collector and either a 100 Q or

1 kQ resistor between the emitter and ground. Then, we measured the output voltage across that resistor (see
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Figure 6). The collar key was held a varying distances from the phototransistor and the phototransistor’s

reaction was noted.

5V

100k

0
Figure 6: Phototransistor Test Circuit
The results were less then ideal. As seen in Table 1, the voltage change due to the presence of infrared
light was a maximum of 75.31 mV. These readings were achieved only by holding the emitter less than 2
inches from the phototransistor, which was much shorter than the required sensing distance for the Smart Pet
Feeder. In addition, all of the phototransistors reacted more strongly to changes in ambient light than they did

to the emitter, even those which claimed to be unreactive to light in the visible spectrum.

[ Ro=100Q | | R, = 1kQ |
PT481
IR | Vour (mV) IR | Vour (MV)
OFF 0.00 OFF 0.00
ON 222 ON 10.03
PT501
IR | Vour (mV) IR | Vour (MV)
OFF 0.05 OFF 0.49
ON 69.32 ON 71.42
PT4800FB
IR Vou'r (lTIV) IR VOUT {lTIV)
OFF 0.00 OFF 0.00
ON 8.31 ON 8.31
QSC112
IR | Vour (mV) IR | Vour (mV)
OFF 0.04 OFF 0.55
ON 75.31 ON 81.02

Table 1: Test results for the phototransistors
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We searched for phototransistors whose ranges were longer and found that infrared sensors of a small
enough size to use in our product are simply not made to sense a source more than a few inches away. While
clearly a similar system can be made to work, as it does work for the Staywell Infra-Red Cat Door, we were not
confident that we could create a working system within the time left to complete this project. We then started
looking for a different solution.

After researching other sensors, we have chosen to use an RFID tag/reader combination in order to
fulfill the main design objective of the Pet Sensing System, which is to detect and react to the approach of the
forbidden pet. After looking into a few different companies, we decided to use a Parallax tag/reader
combination for a few different reasons. 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 and can be easily interfaced with
the microcontroller (it is a logic device), and we know they have a read range of at least 2 to 4 inches [3]. Also,
we have spoken with the manufacturer and know that if we mount the reader behind the cover, which is going
to be made out of some sort of acrylic or plexi-glass, it will still function properly. Finally, we have used
products from Parallax in the past and were pleased with their quality and performance.

Radio frequency identification (RFID) chips are a being used in an increasing number of every day
applications. These applications include postage (shipping labels), pet identification via implants (tracking
devices), and key cards (school ID cards) [3]. All of these are examples of passive RFID tags or transponders.
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 is just enough to power the chip 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 [3][4].

Another type of RFID tag is an active tag. Active tags have an internal battery and are constantly
looking for the reader signal and sending its own signal to the reader. These tags are generally more reliable

than passive tags, because they are able to initialize the session with the reader, generate stronger signals, and
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have longer read distances, some of which some are up to 1500 ft. They also tend to be larger in size since they
have the onboard power source [3].

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 active 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 [5]. However, after
doing research on the subject, we found several factors which 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 [6]. 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 [5]. 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 [5]." Itis
also 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.

We are also confident that this technology is safe to use in our application, as it has been approved by
the FDA for implantation in humans. There are already proposed plans of placing RFID chips under the skin of
humans in order to store medical information. These chips would act like a medical alert bracelets worn today
[6][7]. There is one company, Applied Digital Solutions, which has received the FDA approval for this
procedure [7].

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 PetSage Electronic SmartDoor Pet Door [8]) and we have found no sources
which link these products to any health risks for the pet, we feel at this time that it would not pose a risk to the
pet’s health to use an active tag should it be necessary, but that we will continue to follow the research for new

developments.
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It is possible that the health risks associated with active tags will not be a concern to us, however,
because it is not clear at this time whether an active or a passive tag will work best for our application. At least
one of each type being considered has been purchased and testing will be done in order to determine which one
is the proper type to use. We would prefer to use the passive tag because of the size difference, the lack of
battery, and the lesser amount of radio signals present, but if the passive tag does not serve our purposes, we are
comfortable using the active tag.

There were a few non-health related problems with the RFID tags and reader that we had to consider
before purchasing them. The first is that they are considerably more expensive than the IR system we originally
looked at. The passive RFID tags cost $2.75, but the active tag was about $7.00, and the reader was almost
$40.00. This is more than we had originally budgeted for the sensors but could be take from the contingency
fund.

The other problem with the RFID chips was size. The passive tags range anywhere from a round 25mm
sticker to a credit card sized tag [3]. The sticker is not a problem since it is about the size of an ID tag on a cat’s

collar, as seen in Figure 7, but the credit card sized tag is simply much too large, as pictured in Figure 8.

25 M

Figure 7: Passive RFID sticker [3]
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Figure 8: Passive RFID tag (credit card sized) [3]

The active tag we have ordered is the size of a thin key fob and is pictured in Figure 9.

25 MM

1 Emim

Figure 9: Active RFID Fob [3]

Additionally, the reader is much larger in size than the IR phototransistor. It is about 2.5 in x 3.25 in. as

seen in Figure 10. This may be cumbersome, but we believe that we have come up with a solution to the size

issue, which will be discussed in the Feeder Enclosure section.
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Figure 10: RFID Reader Module [3]

The integration of this technology into our project is simple. The reader module will be mounted on the
feeder body and the tag on the collar of the forbidden pet. If the forbidden pet approaches the feeder, the reader
will receive a signal from the tag and send a message to the microcontroller, which will trigger the motor to
rotate the tray to the empty spot, thereby not allowing the forbidden pet to eat. The pet that is supposed to eat
from the feeder will not wear a tag and will therefore be allowed to eat from the feeder as long as there is still
food available.

In review, the criteria for the Pet Sensing system were that the emitter be small enough to be worn
comfortably on the pet’s collar, that the emitter not pose any health risks to the pet, that the sensor fit on the
feeder, that the system be able to interface with the microcontroller, and that the reader be able to react to the
emitter while the pet is still 4-6 inches away from the feeder. We are confident that this technology will allow

us to effectively fulfill all of the criteria above. The tag will not cause the forbidden pet discomfort since it is
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not bulky, we are now confident that it will not present any health risks to the pet. The reader can be mounted
to the body of the feeder and while easily interfacing with the microcontroller. The system will allow the Smart
Pet Feeder to recognize the approach of the forbidden pet and to react accordingly while the forbidden pet is

still several inches away from the feeder.

The Processing System:

(Primarily responsible team member: Alexis Rodriguez-Carlson)
The Processing System is responsible for the integration and control of 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 are:
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
4. It must be affordable
With these requirements in mind, we have chosen to use the Axiom CML12S-DP512 Development

Board, which uses the Motorola MC9S1DP512 microprocessor (see Figure 11).
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Figure 11: 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 in/out 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 [9][10]. In future versions of this product a less powerful, less expensive microcontroller would be
used, but for now the CML12S will give us ample resources for programming and interfacing without worrying
about running out of ports or memory. The electrical and control schematic, which details how all of the

components will be connected to the CML12S is in Figure 12.
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Figure 12: Electrical and Control Schematic
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The Time Keeping System:

(Primarily responsible team member: Kristine McCarthy)

One of the subsystems of the Control System is the Time Keeping system. This is the portion of the
design that will keep time, allow the user to program when the feeder should rotate in order to reveal a fresh
bowl of food, as well as provide incremental timing. 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. Use atoggle switch as a manual override to prevent the bowls from rotating

4. Allow the user to set the location of the bowls after the time is set

5. When the toggle switch is turned off, allow the program to rotate the bowl to the proper location and

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

6. Provide incremental timing

To fulfill these requirements, we chose to use three main parts: buttons, a switch, and the real time clock
chip (RTC chip). Each of these three components will serve their own function for programming and time
keeping while working together.

First, there are the buttons. These are to be used much like the buttons on an alarm clock. Their main
function will be to set the time into the RTC as well as to program when the feeder will rotate to reveal fresh
food. It eliminates the need for the user to have a computer that is capable of interfacing with the
microcontroller and it also means that they do not need the IDE or the knowledge of a programming language to

set it. One of the buttons is pictured in Figure 13.
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Figure 13: Programming Button (photograph by Kristine McCarthy)

Next, there is the switch. The switch is a normal toggle switch that you see every day in many
applications. As pictured in Figure 14, it is in the on position. We have decided to incorporate the switch so the
user can suspend the feeder’s operation. This will allow the user to refill the dishes without the worry of the
feeder beginning to turn. This could happen if the user were filling the feeder at the time it is set to rotate, or if
the forbidden pet approached the feeder while the owner is filling the dishes, causing the reader to pick up the
signal and subsequently turn back to an empty spot. With this system, every subprogram in our main program
will first check to see if the switch is in the on or off position. For example, if the switch is off, all programs

and subprograms will execute normally. Please see the program section for further detail on this operation.

Figure 14: On/Off Toggle Switch [12]

The heart of the Time Keeping System is the real time clock (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 specific time. The DS1286 Watchdog Timekeeper from Dallas Semiconductor,
pictured in Figure 15, 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
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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 [14].

The reason we chose to use this chip in our design is that it will allow us to output a time on an LCD
panel and will also allow the user to program what time the “alarms” will go off. In this case, the alarms will 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 is also useful in that it allows 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 will not display it

[14].

Figure 15: DS1286 Watchdog Timekeeper [13]

The chip has two different types of alarms. There is the Watchdog Alarm and the Time of Day alarm.
The time of day alarm is just like a regular alarm and the RTC outputs a signal when the preprogrammed time is
reached. This function will 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 [14]. This is the function that will be used to delay the pet
detection program after the tag on the forbidden pet has been detected and the bowl has rotated. For example, if
the forbidden pet approaches the bowl, the reader on the bowl will detect the tag worn on the collar of the pet
and it will send a signal to the microcontroller and cause the bowl to rotate. Once this has happened, the
Watchdog timer will begin a 30-second countdown in order to allow the pet time to walk away before the reader
tries to sense the collar again. Once the countdown reaches zero, the program will check the reader to see if the

tag is sending a signal again.
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In summary, the functions of the timing system will be to allow the user to easily set the clock, to
program a desired time to reveal a fresh bow! of food, allow the user to decide the positioning of the tray after
the time of day is set, allow the feeder to run the main and subprograms when the override is not initiated, and
to provide incremental timing. The chip, buttons, 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.

The Display System:

(Primarily responsible team member: Rachel Heil)

The display system consists of an liquid crystal display (LCD) panel which will display the time, options
for setting the feeder to a specific bowl, and the time at which it should rotate.

The requirements for the LCD panel are as follows:

1. Thatit is cost effective

2. That it is compatible with the CML12S microcontroller

3. That it be capable of displaying the time and text necessary for the user to program the feeder

Figure 16: The LCD panel and its connector
The display chosen is a generic LCD panel. This panel was chosen because it is expressly manufactured

to work with the CML12S. The selected LCD panel is shown in Figure 16. Exact details and data on the
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display are unavailable and the specific details on exactly how it is going to work with the CML12S are still
being determined. However, we do know it easily connects to the microcontroller through the LCD port on the
CML12S. Another reason the LCD panel was chosen is that it is affordable at a price of $35. This panel will
be able to display four lines of text that are twenty characters long. This should provide ample amount of space
to display the time and setting options necessary. A short program will be created to control what the LCD

panel displays.

The IDE:

(Primarily responsible team member: Rachel Heil)

The Integrated Development Environment (IDE) is the software in which we will write and compile the
code that will control the microcontroller. The requirements for the IDE are as follows:

1. That it is cost effective

2. That it allows each team member to have a copy of the software in order for each team member to

program simultaneously

3. That it be compatible with the HC12 microcontroller

4. That it allow us to program using the C language

5. That it be easy to use

The IDE that has been chosen is Embedded GNU. This software fully meets all of our requirements. It
IS an open source software package, which means that it is completely free with no expiring trial period. This is
ideal, as we are working on a budget and will be using the software longer than the typical 45-day trial period.
This also allows us to each have the software on our computers, thus allowing simultaneous programming.

Other programs that were looked into were Image Craft, minilDE, AXIDE, and CodeWarrior. Each of
these had their own conflicts. The conflict encountered with the Image Craft software was that it had a trial
period of 45 days that would make it more difficult for us to program simultaneously. When trying to use

CodeWarrior, a nice program which was available to us free of cost, a communication issue arose which
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wouldn’t allow the board to talk to the computer. The only issue with the minilDE and AxIDE programs was
that they did not allow for C programming, which was an essential requirement for choosing an IDE.

Another main reason that the Embedded GNU software was chosen is that it allows us to do the
programming for our project in the C language. The advantage to using an IDE that allows us to program in C
is that we are already familiar with the C language. Since we are all familiar with C, this seemed to be the
logical language to use. This allows us to spread out the programming workload so that no one person is
responsible for all programming and it can be done in a more reasonable period of time. Programming in C is
crucial so that we are not wasting time trying to learn how to program in an unfamiliar language or the more
tedious and time consuming Assembly language.

The software has been tested with the CML12S and allows communication, memory modification, and
programming. The interface is fairly simple and easy to use. It is similar to programs in which the team

members have used previously in order to program using the HC11 microcontrollers.

The Program:
(Primarily responsible team member: Alexis Rodriguez-Carlson)
The program is still very much in the planning stage. At this point, it is thought that it will consist of a

main program and at least 4 sub-programs.

MAIN
PROGRAM
FEEDING PET MOTOR
TIME g’iggﬁir DETECT ROTATE
PROGRAM PROGRAM| |PROGRAM

Figure 17: Block diagram of the program
The criteria for the program are that it:
1. Control the microcontroller and all of the components (Main Program)

2. Provide a means for the user to set the time (Clockset Program)
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3. Provide a means for the user to program the time that the motor will rotate to reveal fresh food (Clockset
Program)

4. Provide a way for the user to suspend operation while refilling the food dishes (Clockset Program)

5. Keep track of which dish is revealed so that the system knows how far it must rotate to reveal the blank
spot (Feeding Time Program)

6. Monitor the RTC chip to see if it is sending an alarm signal (Feeding Time Program)

7. Monitor the RFID reader to see if it is receiving a signal from the tag (Pet Detect Program)
At this time, a rough algorithm for the Main program, the Feeding Time, and the Pet Detect Program

have been created and can be seen in the following section.

Program Algorithms:

(Primarily responsible team member: Alexis Rodriguez-Carlson)
Definition of variables:

BOWL - an integer variable which represents the location on the tray revealed by the feeder according
to Figure 18 below. The blue circle represents the location currently revealed by the feeder, and the circle

labeled 0 is the blank spot.

® ©

® ®
@ ©®

Figure 18: A not-to-scale representation of the pet feeder tray
SLICE - A floating number variable which represents the distance the motor must rotate in order to
advance the tray to the next numbered location
Main Program:
1. Check to see if the override switch is on
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a. If the switch is on, call the Clockset subprogram

b. It the switch is off, call the Pet Detect subprogram

Main Program

Yes

Override
Switch on?

No

h

h 4

Call Pet
Detect Call Clockset

Figure 19: Flowchart of Main Program

Pet Detect Program:
1. Check to see if the override switch is on

a. If the switch is on, call the Clockset subprogram

b. If the switch is off, check to see if the RFID Reader is receiving a signal from the tag

i. Ifitisnot, call the Feeding Time Program

SLICE
iii.
the RFID Reader is receiving a signal

1. Ifisitis, go back to Line 1.b.iii

If it is, trigger the motor to rotate the tray counter clockwise a distance of BOWL x

After rotation, wait 30 seconds (using the timer feature of the RTC), then check to see if

2. Ifitis not, trigger the motor to rotate the tray clockwise a distance of BOWL x

SLICE

3. Call the Feeding Time subprogram
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Pet Detect Subprogram

Yes

Override

Switch On?

No

A

Yes

Call
“Clockset”

detecting tag?

No

v

Call “Feeding Rotate CCW
Time” BOWL*SLICE

v

Wait 30 sec

Yes

No
h 4

Rotate Bowl CW
BOWL*SLICE

A 4

Call “Feeding
Time”

Figure 20: Flowchart for Pet Detect subprogram

Feeding Time Program:
1. Check to see if the override switch is on

a. If the switch is on, call the Clockset subprogram
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b.

If the switch is off, check to see if the RTC is sending an alarm signal

i. If the RTC is not sending a signal, call the Pet Detect subprogram
ii. If the RTC is sending a signal, increment the variable BOWL by 1
iii. After incrementing, check to see if the RFID Reader is receiving a signal from the tag
1. If the RFID Reader is not receiving a signal from the tag, trigger the motor to
rotate the tray clockwise a distance of SLICE
2. If the RFID Reader is receiving a signal from the tag, trigger the motor to rotate
the tray counter clockwise a distance of (BOWL-1) x SLICE
a. After rotation, wait 30 seconds (using the timer feature of the RTC), then
check to see if the RFID Reader is receiving a signal from the tag
i. If the RFID Reader is receiving a signal, go back to Line 1.b.iii.2.a
ii. If RFID Reader is not receiving a signal, trigger the motor to rotate
the tray clockwise a distance of BOWL x SLICE
iv. Check to see if BOWL is equal to 7
1. If BOWL is equal to 7, set BOWL equal to 0
a. Then, call the Pet Detect subprogram

2. If BOWL is not equal to 7, call the Pet Detect subprogram
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Feeding Time Subprogram

Yes

Override

Switch On?

No

TC sending
signal?

Call “Pet
Detect”

INC BOWL

A

Call
*Clockset”

Yes

Rotate CW SLICE

BOWL=77?

No

Set BOWL=0

Call “Pet
Detect”

Rotate CCW
(BOWL-1)*SLICE

Wait 30 Sec

Yes

FID Reade

etecting tag?

No

Rotate CW
BOWL*SIICE

Figure 21: Flowchart of Feeding Time subprogram
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The Motor System:

(Primarily responsible team member: Filip Rege)
As Figure 22 shows, the motor system consists of the following components: stepping motor, motor

driver, power supply and tray support.

MOTCR,
SYSTEM
WIOTOR.
DEIVING
SYSTEM
MOTOR. 24y TRAY
DRIVER, STPELY MUTOR | | eyppoRT

Figure 22: 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 the
user programmed feeding time and the second one is the proximity of the forbidden pet.

The reason why we selected a stepping motor over another type of motor is its ability to rotate in precise
steps as opposed to spinning continuously, like a DC motor for example, and it does not require position
feedback like a servo motor.

The motor to be selected for the Smart Pet Feeder has to:

e To be able to be controlled by the CML12S

e Be able to rotate the fully loaded food tray (including pet food) to a precise location

e Not be more expensive than $50.00
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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?

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, has a higher torque-to-size ratio than a
unipolar motor but requires a 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 also is much easier to control. Because our design team worked with unipolar
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 23 and Figure 24 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 1
RPS (Revolution Per Second) and 0.5 second, respectively. These values resulted mainly from customer
complaints about similar products that are currently at 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 is 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 typically the smallest distance the motor
can turn, although some motors allow for micro stepping as well. 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.
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With the help of the Lin Engineering’s online motor selection process 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.

Project name |Auto Pet Feeder

What is the shape of the load?
" Thin Plate

¥ Thin Circular Disk

¢ Cylinder

¢~ Slender Rod

" Spehere

¢~ Thin Ring

~ Cone

" Hemisphere

Disk Radius 3 | Inches

Top Speed i | RPS

Weight of the Load  [2 | Lbs

Acceptable time to accelerate to top speed o5 | seconds

Axis of Rotation: CROYEZ

Rotational offset from center of gravity |p | Inches

Maximum Available Current  [4.5 | Amps

Maximum Available Voltage |24 | welts (D)

BALCK SUBMIT RESET

Figure 23: First Step in Motor Selection
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= SELECT MOTOR EZERS: g

Please select a model. For detailed specifications, please click on the motor model or image.
*Torque values are reported as Holding Torgue in units of oz-n [more)
On average dynamic torque is approximately #0% of holding torgue,

The required dynamic torque for your application is 18.75 oz-in

1.8 Degree Motors 0.9 Degree Motors 0.45 Degree Motors

MEMA 11 Torque™® EMA 14 Taorque™®
« o r | 5704 75
ﬁ. IS c (o] sma | 140
-
EMA 17 LGSl Motors shaded out do not meet
NEMA 14 et e your calculated torque
. Y | 41713 28.0 requirements. However, they
r&, w v can still be selected. Please
: o e 320 | consider using a gearbaox if
- applicable.
MEMA 17 Torgue r 42095 35,3
r | 4uss el & | 4203M 55.94
4115M 63.0 h
'L 2 ™ 4209L 70.0
| 4lisL 83.0
"
MEMA 23 Torgue™
| & 3718% 100 . r
t‘ | sz | 173 i L
4 "
£ 57181 294
("
MEMA 34 Torgue™
- g7185 424 £
E l."" 8718M 851 l@ "
T a718L 1288 g
MEMA 23 Torgue™
{ 5709 92
‘lﬁi? 0 5705M 170
o 37080 260

BALCK MEXT

Figure 24: Second Step in Motor Selection
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Frame Size 17

_ Super Torque Motor - 4118
STEP SIZE 1.8°

o MEMA Size 17 Mounting

o Cost Effective

@ Custom Windings Awvailable (Mo addtional cost)
@ |[nquire about RoHE versions

| BIPOLAR |

Dimension  Model  Amp/ | 10iud | Torgue  Resistance Inductance Inertia | Weight | Mumber
AT Number Phase | ‘5z H.n  Ohm/Phase mH/Phase | oz-in? | Lbs. | ofleads

41185-02 1.30 45.0 0.32 2.8 36 0.18 0.40 4

o 41185-045 0.67 45.0 0.32 9.9 12.5 0.18 0.40 4

4.0 mm 4118504 1.34 45,0 0.32 2.5 31 0.18 0.40 4

41185-09 0,90 45.0 0.32 5.3 5.7 0.18 0,40 4

4118M-01 1.70 63.0 D.44 15 3.0 0.28 0.60 4

401:15';”1 4118M-065 0.70 63.0 0,44 10.8 218 0.28 0.60 4

4115M-06P 1,40 63.0 0.44 2.7 55 0.28 0.60 4

4118001 2.00 83.0 0.58 1.4 27 0.37 0.70 4

431,'08:111 4118L-075 1.05 83.0 0.52 5.2 9,4 0.37 0.70 4

4118L-07P 2,10 83.0 0,59 1.3 7 0.37 0.70 4

2.3

5.5 mm 4118C-01 2.0 125

0,89 2.1 3.3 0,90 4

| UNIPOLAR |

Dimension Model Amp/ | Jo9ng | HOWO | Resistance | Inductance | Inertia | Weight | Number
AT ‘Number Phase:: | “o-qos Hom | Ohm/Phase mH/Phase | o0z-in? | Lbs. | ofleads
=% 41185-04 0.95 30,0 0.21 50 31 0.18 0.40 6
34.0 mm
1.587 4118M-06 1,00 45,0 0,32 5.4 Tt 0.28 0.60 &
40, 1 mm
e 3118107 1,50 65.0 0,46 6 23 0.37 0.70 &
48,0 mm

4118125 0.45 65.0 0.46 25.0 17.4 0.37 0.70 6

Figure 25: Third Step in Motor Selection
Once the power consumption of a stepping motor is known a power supply can be selected. The
following requirements must be considered:
e Compatibility with the motor
e Cost effective (less then $30.00)
Lin Engineering recommends the PS1-100-24 (Figure 26), a source with 120VAC input and 24V DC

output capable of delivering up to 4.5A of current. Since the motor needs only 1.5A at 24V DC this power
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source is more then adequate. Because the HC12 can neither deliver nor receive more than 60mA it must be

isolated from the motor by a driver chip.

Figure 26: PS1-100W-24 Power Supply

A driver chip is an integrated circuit (IC) that serves two purposes: it controls the flow of the current
through the motor and protects the microcontroller from the motor’s high current. Different types of drivers
exist and one needs to select the appropriate chip depending on the type of motor and its power rating. The

driver chip we chose to use had to meet the following criteria:

e |t had to be capable of handling the voltage (24V DC) and the current (1.5A) necessary for the motor’s

operation.
e It had to be easily interfaced with the microcontroller
e Itshould cost less then $10.00
The SanKen manufactured SLA7026M (Figure 27) driver chip is a good choice for the 4118M-06

because it meets all the requirements: it is capable of handling up to 5.0A of current and up to 46VVDC, which is

more than enough considering that the motor draws only 1.5A at 24VDC.
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SK JAPAN
SLA7026M

Figure 27: SLA7026M Driver Chip

The Feeder Enclosure:

(Primarily responsible team members: Filip Rege)
The main function of the feeder enclosure is to provide protection for the electronics inside, and to

prevent the pet from accessing the food stored for later feedings. In order to achieve these goals it has to:

e Be strong enough to withstand the weight of the pet

e Be capable of preventing the pet from accessing food stored for later meals

e Provide access to the food at the same location every time

e Be heavy enough to prevent the pet from turning it over

e Have a removable cover so the user can easily access the bowls

e Have easily removable dish-washer safe bowls
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FEEDEER.

FNCLOSURE
I I |
FCOOD FEEDER. FEEDEL FEEDEER.
TRAY BODY LID
|
FOOD FRONT SIDE
BOWLS PANEL PENELS

Figure 28: Block Diagram of the Feeder Enclosure Subsystem

As Figure 28 and Figure 29 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 base is to be made
of dense material 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. The body will most likely be made of aluminum and there will be a clear acrylic
enclosure on the front panel to house the receiver. The food tray has already been machined from 6061
aluminum alloy. The lid is also going to be clear acrylic so the user can see how much food is left in the feeder.

It will be secured to the rest of the enclosure with a thumb screw that will make it both easy to remove and

sturdy enough so that the pet will not be able to get to the food inside.
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Figure 29: Exploded View of the Feeder Body

We are planning on using a tray support to isolate the weight of the load 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 with loads that either pull or push on the shaft of the motor.

Because this component is still in the developmental stage its final form has not yet been determined. It
will, most likely, be a rectangular plate machined from 6061 aluminum alloy with a circular hole in the middle.
The motor will be fastened to the bottom of the plate so that its shaft protrudes through the hole. A rotary table

(Figure 30) will be mounted in between the top of the plate and the bottom of the food tray. This composition
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will allow for the motor’s shaft to be physically connected to the food tray but at the same time it will prevent

the weight of the tray to rest on the motor’s shaft.

Figure 30: Rotary Table

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 29) 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 interfacing both with the tray support.

Problem Areas:

We have encountered several problems during this process. Early on, one of our team members had a
death in the family and could not be present for the oral proposal. Then, we determined that we could not use
an infrared system for the Pet Sensing System. Though we solved that immediate problem by moving to an
RFID system, that system is currently on back order and will not arrive until late March. Lastly, the process of
choosing and procuring a motor has been rather difficult.

Presenting the proposal without all of the team members present meant that everyone had to do a little

more speaking, but the team was well-prepared and the presentation came together very well. This absence also

Page 38 of 90



caused us to fall slightly behind schedule in that we did not have all of the components chosen as early as we
had hoped. Nevertheless, with a little extra work we were able to catch up and order the components on the
date we planned.

The next issue came from the infrared system. In our initial stages of design, we had chosen to use an
infrared emitter/sensor pair for the Pet Sensing System. We purchased an emitter designed to be used on a pet
collar (see Figure 5) and ordered several sensors. When testing these sensors, we discovered that the sensors
did not have a large enough read distance or angle for our purposes. This was a possibility we were prepared
for, but had decided to chance it because the sensors are relatively cheap and the company we ordered them
from shipped them very quickly, so it was not a huge loss of time or money.

In order to resolve this problem, we consulted with one of the lab technicians at Wentworth and he
recommended using an RFID system instead. After some research we have ordered a Parallax RFID Reader
and three tags (two passive and one active). Unfortunately, after ordering these components, we received
notification that the receiver was out of stock and that they would not be able to ship the order until March 14 so
we will not be able to test these components until late March. This is not an insurmountable problem because
we know that the tags will work with this reader since they were manufactured to do so. In the meantime, we
can simulate a signal from the RFID Reader to test our program should we need to.

Our final problem was with the stepper motor that we ordered. We had intended to order a unipolar
motor, but accidently order a bipolar motor. The circuitry for a bipolar motor is much more complex and none
of us have any experience with the programming for bipolar motors. Also, the driver chips which we bought to
control the motor will not work with a bipolar motor. This problem was resolved by calling the company and
arranging to return the motor and then ordering a unipolar motor from another company. This motor should
arrive during spring break.

Thus far, we have not encountered any financial problems since we included a contingency fund in our
budget. Also, we have been able to get some of the materials for the manufacture of the feeder enclosure free of

charge. This has come in very handy since we have run into unexpected expenses associated with changing
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sensor types and because we had failed to account for the shipping charges associated with each of the items we

have ordered.

Plans for the Next Reporting Period:

For the next few weeks, there are many tasks planned that center around programming and finalization
of design. These tasks include preliminary code and flow charts for the Feeding Time and Motor Rotate
subprograms, and learning how to use the RTC to keep time, send triggers to the microcontroller, and to
measure time increments. Also, we need to become more familiar with the IDE we have chosen to use.

As far as the more physical aspect of our design, there are a few key items that still need to be designed
and purchased. First, we need to purchase the material for the base and cover of the feeder and then machine
those parts. Next, we need to finalize the design for a system that will keep the weight of the tray off of the
shaft of the stepper motor. Once this is designed, parts can be ordered and the system can be built.

Once all of this is completed we will assemble the pieces into a working prototype. Our goal is to have
the prototype completed by the middle of April in order to have time before the final presentation to test the
system, including trials with real animals, and to debug and troubleshoot any problems which may arise.

For details, please see the Gantt chart on the following pages, which details the time from March 1, 2008

until April 30, 2008.
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Schedule Status:

At this time, we are exactly on schedule with two exceptions: we had planned to have all of the major
components in hand by March 1, and we will not have the RFID Reader with the tags and the motor until mid
March. Please see the Gantt chart on the following pages, which details the time from January 28,2008 until

March 1, 2008.

Page 43 of 90



ID | Task Name Start Finish - February E ) = == ) — e = M
) o ) o ) [28/2930[31/1 2(2 4[5 6[7/8 (9 10[1112[13]14115 16/17/18/19 2021122 23|24 25 26 2728 29 1
1 A Finish proposal Mon 1/28/08  Wed 1/30/08 Al
2 v/‘ Sketches of what the thing will look like Mon 1/28/08 Thu 1/31/08 E Filip
- P Create Powerpoint Presentation Tue 1/29/08 Fri 2/1/08 E Kris
i \/ Rehearse Presentation Sat 2/2/08 Sat 2/2/08 E Group
5 Y/ Buy different sized dishes Mon 1/28/08 Mon 1/28/08 i
6 \/’ Try dishes on Ali's cats Mon 1/28/08 Men 1/28/08 i
if \/ Try dishes on Filip's cats Tue 1/28/08 Tue 1/29/08 Filip
8 v Decide on size of dishes Wed 1/30/08  Wed 1/30/08 Group.
o Determine how many bowls Wed 1/30/08  Wed 1/30/08 i Filip
10| Gothrough electronics stuff Wed 1730/08  Wed 1/30/08 | o 1/30
11 s Research infrared sensor Mon 1/28/08 Wed 1/30/08 E_g”h.n
12 V/ Buy IR tag Wed 1/30/08 Wed 1/30/08 1/30
13 v/ Get IR Sensor from Michael Thu 1/31/08 Thu 1/31/08 1/31
14 V'/ Test sensor w/ tag Thu 1/31/08 Fri 2M1/08 All
15 v/‘ Test Microcontroller Thu 2/7/08 Thu 2/7/08 ’ 27
KNP Get Amanda's IR sensor Thu 1/31/08 Thu 1/31/08 @ 13
Task ]:l Milestone ’ External Tasks

Project: Gantt Chart 20080302.mpp

Date: Sun 3/2/08 Split

Progress .|

Summary

Project Summary PGS Deadiine

Extemnal Milestone

&

Page 1
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GETTING STARTED

The Axicm CML128-DP256 single board computer is a fully assembled, fully functional
development system for the Motorola MC2812DP256 micrecontreller. Provided with wall plug
power supply and serial cable. Support software for this development board is provided for
Windows 85/98/NT/2000/XP operating systems.

This development beard applies option selection jumpers. Terminclogy 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
shuntis 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 helds the shunt,
no 2 pins are connected, or jumper is removed. [t is recommended that the jumpers be
idled by installing on 1 pin se 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 deviee and the CPU12
Reference Manual for details. The development board purpose is to assist the user in quickly
develocping an application with a known working envircnment or to provide an evaluation
platform for the target HCS12. Users should be familiar with memery 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 moniters, or by applying a BDM cable with supporting host 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 symbelic debug capability be provided in the debugging environment. The
NOICE menitor or BDM interface with supporting software tools 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, net
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
menitor 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 YO 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 lpaded or medified quickly and software breakpoints
applied. After the application is tested, the code can be relocated to the internal flash memory
space of the HCS12 and pregrammed into the flash memory for dedicated operation.

User applications developed by applying MON12 or NOICE menitors can be modified and
relocated for operation as a stand-alone 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

1. Insert the Axiom 68HC12 suppoert CD in your PC. If the setup program dees 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
"CML123DP256" version of your development board.

Board Startup

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

1. Setthe CML128xx board Opticn jumpers to default positions:
MEM-EN =IN, ECS = IN, 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. Connect the other end of the cable to the P-COM part an 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 should see a message to “PRESS KEY TO START
MONITOR..." in your terminal window. Press the ENTER key and you should see:

Axiom MON12 - HC1l2 Monitor / Debugger V256.x
Type "Help" for commands..

>

5. Your board is now ready to use! If you de not see this message prompt, or if the text is
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
CML12Sx0ax and information from your own programs that send output to the serial port.

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 AS312 assembler integrated into the AxIDE program. This
is a simple assembler with limited capability. For a more powerful assembly tool, install the
Motorela MCUez program from the CD. This will allow you to use PAGED program memoery 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 (Debug12, MNolCE,
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 programming utilities. The Mon12 firmware in the MCU flash
provides the interrupt vectors in Ram memory and an Autostart feature to launch your
application. Your program may then run automatically whenever the board is powered on or
RESCT is applied.

TUTORIAL

This section was written to help you get started developing sofiware 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 "Hello World" 1o the serial port.

Creating Source Code

You can write source code for the CML12SXXX board using any language that compiles to
Metorola 6BHC12 instructions. Included on the software disk is a free Assembler, AS12.

You can write your source code using any ASCIl 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 ASCI| text without any decument formatting added. Once your source code is written
and saved to a file, you can assemble or compile it to a Metorela 3-Record (hex) format. This
type of cutput file usually has a .MOT, .HEX or .S18 file extension and is in a format that can
be read by the programming utilities and programmed into the CML12SX3XX 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 program CODE in External RAM. In assembly language,
you lecate the code with ORG statements in your source 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.

In “debug mode” you'll be using a debugger utility (Mon12, NolCE, etc) which will handle
initialization, interrupts vectors (reset, timers, etc), and the STACK. When finished debugging,
you must add code 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
maode, intemal 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. Alsp
install the RESET vecter address in the Auto Start area, see the chapter in this manual.

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

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 methods 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 dircctory. You
must use the example for the MCU type installed on the CML12Sx0 board. For example use
the CML125-DP256 example on the DP256 versicn board.

You can assemble source code by using the AxIDE "BUILD" button or command line tools
under a DOS prompt by typing:

AS512 HELLO.ASM -L HELLO

Most compilers and assemblers allow many command line opticns 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 scftware, 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 errers in your source code, 2 output files will be created:

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

with resulting opcode and operand infermation. Warnings and error
messages are provided with a summary at the end of the file.
The listing file is especially helpful to loock at when debugging your program. I your program
has errors, they will be displayed in the listing or fatal errors will prevent cutput 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 environment, ry the Moterola MCU-EZ tools.
Refer to the MCU-EZ documentation on the disk for more information.
Alao, a port for the free GNU C compiler and tools for the HC12 is available on the CD under

\Shareware and alse online at www . gnu-m&28hel1.erg. Note that this version does not
suppert 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 Monitor to test it without programming it into Flash.

If you haven't done so already, verify that the CML125xxx 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 CML128xxx board. Yeou should see the
PRESS ANY KLY message. Hit the retum key - to get the monitor prompt.

2. Type LOAD 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: HELLO.S19
Your program 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 Werld" echoed back to
your terminal screen. Press RESET to retum to 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, upleading it to the board and executing it remain the
same. MON12 has many features such as breakpoints, memory dump and modify and simple
program trace (no redirect of the PC is followed). Type HELP at the MON12 prempt 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 version 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
automatically when you apply power to the board as follows:

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

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

LDS $53F80 ; 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 318 file.

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

6. When finished programming, Reset the board to get the Menitor prompt again. Use the
menitor AUTO command to set the Autostart Reset vector:

>AUTO 4000
AutoStart ON, effective address = 4000
>
7. Verify AUTO OFF optich jumper is not installed. (Spare jumper on revision C boards)

3. RESET or re-apply Power to the board. Your new program should start automatically and
the “Helle Werld" prompt sheuld be displayed in the terminal window.

Teo return to the MON12 moenitor program, install the AUTO OFF option jumper then press
RESET. Execute the meniter command NOAUTO to 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 leading a compiled software program
{S record) into Ram memory for testing and debug. The menitor may control the execution of
the software by applying the SWI software interrupt service. Other features allow memory and
register examination or modification.

Communication with the menitor is provided on the HC812 SCI0 serial port or COM port on the
development board. Default settings are 9600 baud with 8n/1 bit setings. Flow control is not
provided so the hest PC communication software should be set to None or Hardware flow
control. AxIDE utility software is recommended for use on a windows based host PC.

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

Monitor Pregram space: 0xC000 - 0xFFFF Flash or Flash Page $3F.
Meonitor Data space: 0x3E00 - 0x3FFF, Internal Ram.
Monitor Console: COM Port and SCI0.

Monitor Autostart: 0xFEC - 0xFEF, Internal EEprom.

Meonitor application provides for redirection of interrupt vectors through the ram based interrupt
table, initialization of SCI0 serial port, initialization of HCS12 flash and EEprom programming
clock rates, iniialization of 8 MHz E clock from 4Mhz reference crystal, and detection of auto
start enabled operation. The HCS12 memoery map is fixed under moniter operation.

The monitor provides for interrupt vectors in the monitor data space from 0x3F8A - 0x3FFD.
The vectors are in the same order as the default hardware table for the HCS12 located at

address 0xFF8A - OXFFFD (see table). The Reset vector is reserved, user should apply Auto
Start for application starting from Reset.

MON12 operation notes:

1. CML128-DP256 menitor application configures target HCS12 for 8MHz E clock, lower flash
block (page $3E) disabled from memory map, and external access clock stetch set to 3
cycles.  User can increase clock speed in application by madifying PLL contrel and setting
new baud rate for senal pert. Defaults will return whenever monitor is Reset.

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

3. Mon12 trace is limited 10 expecting the next linear address. Program counter modification,
branches, calls, or subroutines will not trace correctly.

4. Monitor start-up procedure:

A) Determine if Auto Startin enabled and proceed to vector if not a value of SFFFF.

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

C) Receive first character from Console port and execute menitor if ASCI| text / command,
else start utility mode for programming services.,

Mon12 Monitor Commands

AUTO [<Address>]

Enable Auto start, address is the vector

HOAUTO Disable Auto start

BF <Starthiddreszsz> <EndAddrsss> Fill memory with data

[<data>]

ER [<Address>] Set/Display user breakpoints

BULK Erase entire on-chip EEPROM contents
CALL [<Address>] Call user subroutine at <Address>

G [<Addres=s>] Beginicontinue execution of user code
HELP Display the Mon12 command summary
LCAaD [P] Load S-Records into memery, P = Paged S2
MD <StartAddress> [<EndAddress>] | Memory Display Bytes

MM <Addre=s> Modify Memory Bytes (8 bit values)

MW <Address> Madify memoery Words (16 bit values)

MOVE <StartAddress> <EndAddress> | Move a block of memory
<Desthddress>

RD Display all CPU registers
FM Medify CPU Register Contents
STOPAT <Addrase> 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 lecation in the table is initialized to a value of $0000 to cause the trap of an unscheduled
interrupt.  Any nonzero value will allow the interrupt to proceed to the user's service routing
that should be located at the provided address value. Interrupt service delay is plus 21 eycles
over standard interrupt service.

To use vectors specified in the table, the user must insert the address of the interrupt service
reutine 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 table below, IRQ vecteor definition:
VIRQ EQU $3EF2 ; define ram table vector location

Place IRQ service routing address in the table:
MOWW #IRQ_SRV VIRQ

This vector initialization should remain after debug when auto start will be applied for launching
the user's application. Mote 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
SFFFF flash, Page $3F.
8000 - External Ram | User Paged Program Memaory space, pages $20 - $2E.
SBFFF
Note: Pages $30 - $3F reside in the internal flash.
4000 - External Ram | User Program Memory, emulate fixed page $3E.
$7FFF
$3rac - Intemal Ram Ram Interrupt Vector Table
S3FFD
$3C00 - Intemal Ram Monitor reserved ram memory. Stacks and variables,
$3ran
$1000 - Intemal Ram User Internal Ram memory
$3Drr
$0400 - Internal EEprom | User EEprom memory, Menitor reserves SFEC - SFEF for
S0FEB Autestart, user should avoid $FF0 - $FFF memoaory use.
80000 - HC812 Registers | Moniter or user access to control registers.
S03FF

NOICE OPERATION

NOICE is a development software provided by www NOICEdebugger.com. NOICE provides a
development environment that is supported by the MNOICE host PC sofware. This
development environment has the capability 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 demoenstration mode. The user should register the software and download
the latest version from the above web site to get full support. See the NOICE documentation
for details.

The CML128-DP256 provides the NOICE debug monitor kermel as a subset of the MON12
moenitor in reserved flash memery. User may apply the NOICE development system by setting
the MON12 Autostart for the $F300 vector, reset the board and launch the NOICE host
software on the PC. The NOICE monitor kernel applies the same resocurces, memory map,
and ram interrupt table as the MON12 monitor.  NOICE operation notes:

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

11
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BDM OPERATION

The CML125-DP256 board will emulate supported HC12 device internal lash memery in
extemnal ram. This feature allows BDM (Background Debug Modules) such as the AX-BDM12
to load and control the execution 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 scftware breakpoints instead of being
limited to only 2 hardware breakpoints.

Operation Netes for BDM use:

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

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

3) While using the BDM, the user has full eomtrol over the memory map and hardware
resources of the HCS12. The no resources are required to be reserved for menitor use
and the user can apply the actual HCS12 interrupt vector table located at OxFFBC -
0xFFFF.

AUTOSTART

The MON12 Monitor allows an Autostart operation to launch user applications programmed
into the HCS12 internal flash fixed page ($3C) addresses 0x4000 - 0x7FFF from Reset. The
Autostart mask and vector are stored in the nonvolatile internal EEprom at addresses $FEC -
BFEF. 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 menitor or utility
programs. To recover menitor operation after Autostart has been cnabled, the AUTO OFF
(Spare option on Revision C beards) opticn jumper can be installed or a low level applied o
the: XIRQ signal and Reset applied.

User application must perform all initialization including Stack setting, hardware startup, and
extermnal memoery 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 CML125.asm file for sample
start-up initialization code.

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

1) Follow the MOMN12/ NOICE memory map and apply startup initialization and interrupt
service routines in the 0x4000 - 0x7FFF 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 530 - $3D for programming into
the flash memory. The user code in memory area 0x4000 - 0x/FFF will translate to the
lower fixed flash page $3E for programming cperations. User variables and stack, as well
as interrupt vectors should stay in the internal ram area 0x1000 - (x3E8C (monitor stack
and variables not needed). Then set the Autostart vector for application launching.

3

If the Autostart applicaion fails to start after programming, user should review all
initialization and memaory mapping first. Make sure the AUTO OFF (Spare) Option jumper
is idle or cpen. 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.

4y 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 performed. Use CML125.asm file for an example
and locate the PCAR/MODE Register wrte in internal ram space 0x1000 - 0x3F80.
Program pages $20 - $2D should be applied. Code must be loaded and tested without
powering down the development board (use Reset Switch).

OPTIONS and JUMPERS

MEM_EN

The MEM EN cption jumper is installed by default and enables the external ram memory on
the expanded HCS12 address and data bus. Removing the MEM CS eption jumper will allow
single-chip /O port type operation of HCS12 ports A, B, €, and K (no bus enabled) without
external memory interference.

ECS

The ECS optien installed enables the Emulation Chip Select signal from the HCS12 1o drive
the upper address lines from HCS12 Port K to the extemal Ram on the CML12S board. With
the option open or idle, only the lincar G4K byte address map is available on the external
address / data bus. ECS installed is required 1o emulate flash pregram pages in the external
ram memaory.

MODC

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

13
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AUTO OFF / spare

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

MODE

The MODE option jumper is not installed on the CML12S-DP256 board and is hard connected
by dircuit copper trace for Single-chip Mode operation of the CPU. Both the MODA and MODB
signals are terminated by this opticn. Due to the restriction that the HCS12 internal flash
memory is the only nonvolatile program memory provided on the board, single Chip Mode is
default. All other Modes can be enabled under software control from this mede of operation.

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
Neormal Expanded Wide. (Note: mask set 1K79X and earier will not fetch the Reset vector
from external memory in this mode).

0SC_SEL

The OSC SEL opticn jumper is not installed on the CML125-DP256 board. The default
configuration is for the provided 4MHz reference crystal to provide the HCS12 oscillator. If the
user requires 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 option jumper is net installed on the CML12S-DP256 board. The default
configuration is that the internal flash memery of the HC212 is enabled at Reset. The user
must add external nonvelatile memory to the CML128 beard o take advantage of this option,
If the external memory is applied, the user may install the two header pins and shunt jumper to
select internal or extemnal memory use form Reset.

JP1 and JP2

JP1 and 2 opticn jumpers provide an easy method of connecting or iselating the HCS12 SCI0
and SCI1 serial channel RXD pins respectfully from the provided en-beard RS232 transceiver.
To apply the RXD pins on the SCI channels for other user applications requires that the
transceiver driver be removed from the HCS812 pin.  User may then apply signals to the
respective pins at the MCU PORT cennector without driver conflict.  Please note that the on-
board monitor(s) require HCS12 SCI channel 0 (JP1 installed) for user interface.

14
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CUT-AWAY OPTIONS 1 -6

CUT-AWAY options allow the user to disconnect dedicated HCS12 /O port resources from
development board peripherals. The CUT-AWAY opfichs alsc allow for establishing the
connecticn again by installing surface mount 1206 size 0 chm resistors or mod wire with the
use of a soldering iren. Nermal eperation of the development board generally does not require
any manipulation of the CUT_AWAY options.

#1 Cut-Away: HCS12 Port 85/MOSI signal to the LCD_PORT shift register.
#2 Cut-Away: HCS12 Port 5//SS0 signal to the LCD_PORT shift register.
#3 Cut-Away: HCS12 Port 36/SCK signal to the LCD _PORT shift register.

#4 Cut-Away: HCS812 Oscillator Crystal ground, if another crystal is applied by the user this
connection may require a capaciter 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 connection enables
the CAN Port transceiver output to the CAN bus at all times. if the user wants to apply output
enable or slew rate contrel in the transceiver, this option should be cut and 1206 size resistor
applied for slew rate or a HCS12 1O port applied for output enable contrel. See the
PCA82C250 data sheet for application information.

PORTS AND CONNECTORS

TB1 and J1 Power

The TB1 and J1 connectors provide power input o the board or if J1 is used for input, TB1
maybe used to source additional circuitry. The J1 power jack accepts a standard 2.0 -~ 2.1mm
center barrel plug connector (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 +5Y power supplies. The CML12Sxxx power supply will
provide 50ma of 45V for user application. +VIN input power should only 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 enly and should not be leaded by
extermnal circuitry or damage to the HC812 device may ocour.

15
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MCU_PORT
rsv [ 60 58 |GrD The MCU_PORT provides access to the peripheral
PT7| 58 57 |PTG features and /O lines of the HCS12,
P15 56 55 [P1a
PT3] 54 53 |PT2 ** Note signals with alternate connections on the

PT1| 52 51 |PTO
*PKO| 50 48 |PK1 ™

"PK2| 48 47 PK3 " PBO - 7 [DO - 7] provide address / data on the

*PK4| 46 45 |PK5 ™
GMND |4 43 | +ev expanded HCS12.

PP1| 42 41 |PPo
PP3| 40 29 |PP2
Pra| 38 37 PP

development board:

PKO - 5 [XA14 - XA19] provide high order paged
address lines on the expanded HCS12,

i :\ﬁ: g: g ﬁ:‘?‘ i PMO - 1 [CAN RXDO, TXD0] CAN channel 0 to CAN
PM3| 32 31 |PM2 Port ransceiver,

FPMS| 30 29 |FPM4
PM7| 28 27 |PMG
FJ1| 26 25 |FJO
PJ7| 24 23 |PJG

A e PS4 - 7 [SPI Por] provides LCD_PORT serial

“ps3|1a 17 |Psz interface.

PS1| 16 15 |PSC ™

GND | 14 13 |+BV

GNUD |12 11 |VREGEN

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

*PBF/OT| 10 9 |PBG/DG ™
“PES/MDS| 8 7 |PB4Da M
*PB3/03| 6 5 |PB2DZ™
““PE1/C1| 4 3 |PBO/DO*
GND| 2 1 |+5V
ANALOG PORT
PADO/ANO( 1 2 |PADB/ANE  The ANALOG port provides access to the Port ADO and
PADVANT| 3 4 |PADWANY  Pprt AD1 Analog-to-Digital input lines.
PADZIANZ | 5 6 |PAD1G/ANIO . y
pancaanz| 7 8 |PaDi1/ani1 PADOD - PAD15 HC12 Port ADC-15is an input port or
PaD4/AN4 | 9 10 |PAD1Z7aN1Z  ANO - AN1S A/D Converter inputs.

Eﬁg::g :; j‘i ﬁggﬂlz VRH / VRL HC12 A/D Gonverter Reference Pins, See
HCS12 A/D User guide. To provide an external reference
PADTIANT | 15 16 | PADISIANTS | Q0e 'R and R4 need to be removed to apply extemal

VIRH VEHL .
VDDA :; ;g GND WRH or VRL respectfully. See schematic.
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BUS_PORT
el 7 | B The BUS_PORT supports oftboard memory devices
patos| 5 & |o13PAS while the HC312 is in expanded mode.
PALDE D14/PAE
prd | e PAQ/DS - PA7ID15 High Byte Data Bus in Wide
A1l 41 42 |Az Expanded Mede. Port A in Single Chip Mede.
A10113°14 | A3 A0 - A15 Latched Memory Addresses 0 to 15.
OE'| 15 16 | A4 ; . 3
211117 18 | A5 OE* Memory Output Enable signal, Active Low. Valid
AG| 18 20 |AB with ECLK and R/W high.

AB| 21 22 |A7
Al12| 23 24 |A13
WE™| 25 26 |Al14
PEZILSTRE" | 27 238 |A15
PESMODA| 28 30 |PE/NOACC ™
PEGMODB| 21 32 |PEVIRQ"
+8V | 33 34 |PEN XIRQ"
PE2RW| 35 36 | RESERVED
FPE4/ECLK | 37 28 |RESERVED
GND | 28 40 |RESET"

WE* Memery Write Enable signal, Active Low, Valid
with ECLK high and R low.

RESET* HCS12 active low RESET signal.

KEYPAD / PORT H

The KEYPAD / PORT H connecter provides interface for the HC812 port H or applying a
keypad such as the Axiem Mfg. 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
n PH1 used as column drivers which are active high outputs. Pins PH4-7 are
| 3 |PH2 used for row input and will read high when their row is high.

H PH3 See the file Key12Dx.ASM for an example program using this
PH4 connector.
| 6 |PH5

P_COM1 and P_COM2

111 6 The COM-1 port has a Fermale DBY connector that interfaces to
TXDO|2 6|7 the HCS12 internal SCI0 serial port via the U11 R8232
RXDO|3 7|8 transceiver, It uses a simple 2 wire asynchronous serial

414 8|9 interface and is translated to R8232 signaling levels.

GND|5 9|X 1,4,6 connected and 7,8 connected

JP1 will isolate the ECI0 RXD pin from the transceiver.
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The 1,4,6,7,8, and 2 pins provide RS232 flow control and status. These are connected con the
on the bottom of the development board to provide NULL status to the host. User may isclate
pins and provide flow control or status connection to the host by applying HCS12 IfO signals
and RS232 level conversion.

P_COM2

P_COM2 is a 3 pin header that provides the HCS12 SCI1 serial port translated to R8232
signal levels. A selder cup DB style connector may be installed with wires and connector to
apply this channel. JP2 cption will isolate the SCI RXD pin from the transceiver.
P_COM2 pin connections:

Pin 1 =TXD

Pin 2 = RXD

Pin 3 = GND / common
CAN PORT

This port provides a CAN Bus interface assodated with HCS12 CAN channel 0. The port has
a CAN Transceiver (Philips PCA82C250) capable of up to 1M Baud data rate. The user may
isolate the HCE12 CAN channel 0 from the transceiver by CUT-AWAY opticn 5.

CAN Port Connections

1 |GND The CAN Port connecter provides an interface to the MSCAN12
2 |CAN-H channel 0 in the HC312 microcontroller.

3 |CAN-L

4 |+5V

CAN BUS TRANSMIT ENABLE

The CAN port ransceiver 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 PCAR2C250 data sheet for more information.

CAN Bus transceiver transmit enable control can be applied ¢ the port by the RS tie pad.
The user should select an available HC312 11O 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 CML12Sxx beard that are not installed at the factory. The termination resistors provide
optional bias and termination impedance for the CAN bus connected to the CAN Port. Type of
wire media, data rate, length of wire, and number of CAN bus nedes can all effect the
requirement or value of the termination for the CAN bus. User should refer to particular
application for termination requirements.

RC11 CAN-H Bias Resistor: Provides bias to ground potential.
RC13 CAN-L Bias Resistor: Provides bias to +5V potential,

RC12 CAN Termination Resistor: Provides end point termination between CAN-H and CAN-
L signal.

P1 - P4 HCS12 Header Ring

P1 - P4 provide a header rning for all VO of the HCS12 device. These connectors are not
installed. User should refer to the CML12S board schematic diagram for connector pin
connections. All HCS12 I/O is available from the other I/O Ports on the board.

LCD_PORT

The LCD PORT interface is connected to the HCS12 SPI-0 port and applies a serial shift
register to convert the data to parallel interface for LCD input. This is required due to the fast
timing characteristies of the HC312 data bus and the slow timing of the standard LCD
Medules. Example LCD Port assembly language driver software is provided on the support CD
to demonstrate typical LCD module operation using this technique.

The interface supports 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
medule type should be TN (Standard Twist) style and Reflective to support this VEE potential.
The Axiom Mfg. HC-LCD is also 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 definitions to LCD Port:

RS| 4 3 |VEE-GND DO0-D3=DB4 -7, LCD data

EN| 6 5 |RMW-GND D4 - D5 = Spare pins 51 and 52, not connected
DB1| 8 f |DBo D6 = RS, 0 =LCD Command, 1=LCD Data
DB:| 10 | 8 |DB2 D7 = EN, 1 =LCD enable.
DBs| 12 | 11 |DB4 DBO -DB3 are not applied and have 10K pull-down
DB7| 14 | 13 |DB6 resistance.

NOTES:
18
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1) The LCD write requires 3 SP| 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.

2) Resistor R25 can be removed to apply and external VEE potential.

3) CUT-AWAY 1 - 3 provide a means to isclate the LCD Pert from the HCS12 SPI channel.

BDM PORT

The BDM port is a & pin header compatible with the Motorola Background Debug Mode (BDM)
Pod. This allows the connection of a background debugger for software development,
programming and debugging in real-time without using HC12 /O resources.

BGND[q z|GND See the HC12 Technical Reference Manual for complete
3 4 [/RESCT  decumentation of the BDM.
5 B [+5V

A Background Debug Module is available frem the manufacturer.

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 voltage and filter.

VDDPLL : HCS12 PLL voltage source test point.

20
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TROUBLESHOOTING

The CML128XXX board is fully tested and operational before shipping. I it fails to funection
properly, inspect the board for cbvious physical damage first. Ensure that all IC devices in
sockets are properly seated. Verify the communications setup as described under GETTING
STARTED and sece the Tips and Suggestions scctions following for mere information.

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

1. Verify that your communications por is working by substituting a known goed 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 en the
BUS_PORT and press the Reset switch. |If the monitor 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 @ volts between the GND and
+VIN connections on the TB1 power connector with the standard power supply provided.

(5

If 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.com by
email for instructions and provide beard name and problem.

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

8. Make sure that the RESLT 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. Centact supporti@axman.com by email for further assistance. Provide board name and
describe problem.

a
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Tips and Suggestions

Following are a number of tips, suggestions, and answers to common questions that will solve
many problem users have with the CML128XXX development system. You can downlead the

latest software from the Support section of our web page at:
WWW AXIMIEan . .com
Utilities
« If you're trying to program memory or start the utiliies, 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. Also, 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. i you're using a power strip, make sure it is
wmed 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.

= |f debugging under Mon12, make sure you're not over-writing internal RAM used by it

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

Code Execution

« Under Mon12, breakpoints may net be acknowledged if you use the CALL command.
You should use one of the GO command instead.

« Check the Autestart mask and reset vector located in EEprom at OxFEC - OxFEF.
These 2 weords contain the enable mask and address where user application execution
will begin when the unit is powered on.

= When running your code stand-alone, you must initialize ALL peripherals used by the
micro, including the Stack, Serial Pon, 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 micro may enable this by default
and if you den't handle it your code will reset every few 100ms.
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TABLE 1: LCD Command and Character Codes

GCommand codes are used for LCD setup and control of character and cursor position. All . . .

command codes are written to LCD panel address SB5F0. The BUSY flag (bit 7) should be TABLE 2: MON12 Service Routine Jump Table
tested before any command updates to verify that any previous command is completed. A T——

read of the command address $BSFG will return the BUSY ﬁaﬂ status and the current dlsplay ££10 JMP MAIN ¢ warm start

character location address. ££13 JHEP ETCLE : clear breakpoint table
£f16 IMP RPRINT ; display user rogistess
£119 IMP HEXBIN i conunrt hex £ to hinary
Command Code Delay ffle aME RUFFARS : build hex argqument from boffer
Clear Display, Cursor to Home $01 1.65ms £f1f JMEP TEFMARG ; read hex argument from terminal
Cursor to Home 502 1.65ms ££22 JHF CHEBYT ¢ modify memory byte at addreszs in =
E Mode: ££25 JHF CHEWORD ¢ modify memory word at address in x
niry Mode: . £i28 JME READBUFE ; cead character from buffer
Cursor Decrement, Shift off 504 40us ££2h JHP INCBUFF ; increment buffer pointer
Cursor Decrement, Shift on 505 A0us fi2e JHP LDECEUFF i decrement buffer pointer
2 06 ££31 TMP WAKIF : find nan-whitespaca char in huffar
GUrSOFlACrEment, Sh!ﬂ off ¥ 40us fE34 aME CHEARRT i choek for ahort from terminal
Cursor Increment, Shift on §07 40us ff aME UPCAZE i rt Lo upper case
Display Control: ££3a JHP WCHER ; eh for white space
Display, Cursor, and Cursor Blink off soa8 A0us ££34 JMP DCHEE i check for delimeter
bt i ££40 TP ONSCIO ¢ initiali ifo devi
Display on, Cursor and Curser Blink off |$0C 40us ffa3 JAME ]N;!!'I' # ;::t::u::ei .::pf:'. f::lc?rm
Display and Cursor on, Cursor Blink off |$CE 40us ££46 JuE ouTEUT ; low level output routine
Display, Curser, and Cursor Blink on $0F 40us ;‘;i” JHP CUTLHLF : gisr'iay ;:p 4 blt; as hexhdiq;t
- e 2 4 JHE QUTRHLY i display ttom 4 bits as hex digit
Cursor!DlspIay_Shm. (nondestructive move) £E4f TMP fuliy ; output aseii charactar in A
Cursor Sh!ﬂ l_Oﬁ %10 40us ££52 JME U1 EYT ; display the hex value of byte at ¥
Cursor shift right 514 A0us ££55 JHE OUT1BSE ; outlbyt followsd by space
Display shift left 518 A0us ;;‘gg JMP OUTZBED ¢ display 2 hex bytiz iw;r.‘d)d at x and alspar_‘e
5 R JMFP ¢ carriage return, line feed to termina
. D""pla!"_' shift right . F1c 40us ff5e JME i diaplay streing at ¥ (borm with 304)
Display Function (default 2x40 size) $3c 40us f161 JME i otubtskrg with oo initial cars eot
Character Generator Ram Address set $40-57F 40us ££64 JME le:'HAL( E nlm':r_lz'oTr and input a char from term
Display Ram Address and set cursor location  [$80- $FF [40us 2267 sl RS prAREAAT Tz BAM ac Npr -t
LCD Character Codes
$20 Space | $20 - | B3A . g4 G| ga4 $81 A | $8E n | $/B {
$21 1 $2E . $38 548 H| 885 U $52 B | $8F o | §7C |
$22 ¢ $2F /| $3C { $49 | | 55 v $63 C| 870 p | $70 )
$23 4 $30 0| &30 = $44 57 W 384 D| $/1 4| SFE >
$24 § $31 1| 3 3 $48 K | $58 X $85 E | 872 r | $7F <
$25 % $32 2| $3F 7 $4C L | 859 ¥ 366 F | 873 s
$26 & $33 3| $40 Twme | 34D M| 3BA Z 387 G| S84 1
$2¢ $34 4| 841 A B4E N | SBE | $68 H| 8/ u
$28 | $35 5 842 B $4F O $5C Yen| 369 | | $76 v
$29 ) $36 5| $43 C $50 P | $50 | $8A J | S w
$2A 7 $37 7| 844 D §51 Q| 8E * SEE K | 878 x
$38 + $38 A | 845 E §52 R | 85F _ |$6C L [ 879 y
$2 i $39 9| 848 F $53 s | $60 - 380 M| $/A =z
<

23 24



CMLAZ25DP2ES

TABLE 3: MON12 Interrupt Table

MON12 Ram HCS12 Interrupt MON12 Vector
Interrupt Vector | Vector Address | TRAP code Source
BC i) FWME
3FBE [ PTFI
3FO0 iG] CTITX
AFOZ [ AR
3F04 A C4ERR
AFOR ne CAWU
3FG8 OE CiTX
3F8A 10 C3RX
3FAC =z CIERR
SFAE T4 CIWU
3FAD 18 CITX
3FAZ T8 CZRX
SFAL 1A C2ERR
IFAH 10 C2WU
SEAB 1E C1TX
SEAA li] CTRX
SFAC 2z C1ERR
SFAE 4 CTWU
3FBO CITX
3FB2 6 CORX
3FB4 A CUERR
3FB6 I} CIWU
3FBE E FEPRG
3FBA a0 EEFRG
SFBC 2 SPIZ
3FBE o SPIT
3FCO K3 G
3FCZ 38 BDLC
3FC4 FEC4 A CRGD
3FCE FFCE 3C CRGL
3FC8 FFCE 3E PACED
BFGA FFCA 40 MCNT
SFCC Fl 4z FTHI
SFCE FI 44 FTJI
3FDO Fl 46 ADCT
3FD2 Fl (5] ADCO
3FDA FF ah SCIT
3FDE Fl aCc SCID
3FDE F 4E SPID
SFDA i 50 PAGA]
SFDC 52 BACAD
3FDE 54 TOF
aF 56 C7
55 o]
E 5A Cs
3FER 5C cd
3FES 5E K]
SFEA [Ei] TEE
SFEC #2 TC1
3FEE B4 511
3FFD 6 RT1
AFFZ 8 RE
IFF A IR
3FF6 &0 Wl
3FFS E TRAF
3FFA Fil] COR
3FFS T2 CLM
RESET
25
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CML-9S12DP512

Descenphion: Low cost development systern for the MCSS12DP512

Product Image:
Get ongnal file (61KB}

Product Summary: The CML-9125SDP512 1s a low cost development system for the Motorola
MC9S12DP 512 Microcontroller. The board provides operation n 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 easy selection of operation mode, flash programming, BDM operation, keypad and LCD
module connections, and prototyping. All required power supplies and support software is included
to complete and program an application.

Features: » MC9512DP512 Features:

Upward code compatible wf 68HC11

4K Bytes EEPROM

512K Byte Flash EEPROM

14K Byte SRAM

2 Enhanced SCI Ports

3 SFI Port (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/ § channels

of capture or compare

16 Bit Pulse Accumulator

& PWM Channels

Two § bit Key Wake-up ports

hitp:/faxman. com/ ?g—hook/export/html /48 3/1/2008



PLL Clock Oscillator Support

RTC and COT* features

Uptle 91 /O

« AMhz reference oscillator for up to 24MHz operation.
+ External Memory: 256K Bytes (128K x 16) SRAM

+ COMI Port  HC12 SCIO w/ RS232 and DB9S connector
« COM2 Port  HC12 SCI1 w/ RS232 and 3 pin header
« INDICATORS  Power and RESET.

+ BUS-PORT 40 Pin Socket Header

< MCU /O PORT - 60 pin Socket Header

« Analog Port 20 pin Socket Header

+ CANPORT CAN 0 I/O with IM Baud Transceiver
« LCD Medule and Keypad Ports

+ Solderless Prototype Area and Connections

* Fasy Power Connection and Tap points

* Back Ground Debug (BDM) Port - 6 Pin standard

Specifications: » 7 to 25VDC input to 5V Power Supply
= Operating Power: 60na @ 5V

Page 2 0f 2

Package Contents: The Axiom development system provides for low cost software debugging with
the use of a Debug Monitor installed in the internal or external memory. Operation allows the user
to locate code in the On-Board RAM, set Break Peints, Trace, and display or modify registers or
memory. After code is operational the user may relocate the code and program the MC9S12DP512
internal Flash for dedicated operation of new software. No additional hardware or software is
required. Board is compatible with standard T1C12 BDM pods and software compilers that provide

an integrated debug interface.

It axman. com/?q-book/experthunl /48

3/1/2008



Appendix B: Motor Driver Datasheet
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SLA7024M SLA7026M, %&élﬁ%‘%%ﬁ;‘}i% AND SMA7029M

2
g UNIPOLAR STEPPER MOTOR
AND SMA7029M - CONTROLLER/DRIVERS

HIGH-CURRENT PWM, UNIPOLAR STEPPER SLA7024M and SLA7026M FUNCTIONAL BLOCK DIAGRAM
MOTOR CONTROLLER/DRIVERS o - S e

The SLATO24M, SLATIZEM, and SMAT 0290 are designed for
high-efficiency and high-performance operation of 2-phase, unipolar
stepper motors. An automated, innovative packaging technology
oty [= combined with power FETs and monaolithic legic/control circuitry ad-
vances power multi-chip modules (PWMCRMs™ ) toward the complete
integration of mation control. Highly autemated manufacturing tech-
niques provide low-cost and exceptionally reliable PMCMs suitable for

SMA7D29M

FF e [

nerzRees , [ e

DBOVIDELMID

dotnntin ||: controlling and directly driving a broad range of 2-phase, unipolar
Ed stappar motors. The thrae steppar motor multi-chip modules differ
W [ — primarity in output current ratings (1.5 Aor 3.0 A) and package style
oy =

All three PMCMs are rated for an absolute maximum limit of 46 ¥
seneen [T and utilize advanced NWMOS FETs for the high-current, high-voltage
driver outputs. The avalanche-rated (2100 V) FETs provide excelent
ON resistance, improved body diodes, and very-fast switching. The
semsgg S multi-chip ratings and performance afford significant benefits and
advantages for stepper drives when compared tothe higher dissipation

i

g nd and slower switching speeds associated with bipolar transistors.
o5 caLavg [E || Normally, heat sinks are not required for the SLAT024M or SMAFOZ8M oTINE GoLN @] A sees
E The SLA7O26M, in demanding, highet-current aystems designs, c ——
croanng [E % b E} necessitates suitable heat transfer methods for reliable operation. hote that channeks A and B are slectrically isolated ™
HeRRRENCEg [N Ve g Complete applications information is given on the following pages
Ha o PWh current is requlated by appropriately choosing current-senaing SMA70251 FUNCTIONAL BLOCK DIAGRAM
resistors, a voltage reference, a voltage divider, and RC timing nat-
ity works. The RC components limit the OFF interval and control current
decay. Inputs are compatible with 5V logic and microprocessors
g, B 077
ABSOLUTE MAXIMUM RATINGS
at T, = +25°C BENEFITS AND FEATURES
Load Supply Voltage, Vg ..o A6V W CostEffective, MUE-Chip Solution B H &M or FulkStep Unipolar Drive
FET Output Voltage, Vpg oo OV B Tum-Key’ Maotion Contral Module B High-Efficiz niy, High-Speed PUM
Contral Supply Voltags, Ve gz B W Mater Operation to 3 A and 46 B Dual P Current Carntrol (2-R hage|
PE;EAE;‘SED:;AC“”E”‘- Lqum (b= 100 ”5]30 W 3" Generafion High-Vottage FETs B Programmable VI Currerit Gontral
SLATOZEM 50 A W 100V, Avalanche-Rated NMOS B Low Component Count PUM Drive 4
SMATOZEM . .o BOA B Low T g NMOS Outputs B Low Intemal Power Dissipation g
Continuous Dutput Gurrent, |, - W Ashanced, Improved Body Diedes B Heat Sinking (Normally) Unnetessany i
SLATOZAM 154 W Single-SUpply Motoiodule B Eletirically lsolated Power Tan
SLATDZEM 30 A Operation B Lagic|C-and pP-Compatible Inputs
SMATOZEM ... ... ........ 15A W Machine-Insertable Package
Input Votage Range, Vi, ... b3 ¥te7.0V
Reference Voltage Vo oo 20 Always order by complete part number:
Package Power Dissipation, Pn . See Graph oy
Junction Temperature, Ty .. ..., +150°C Part Number Package Output Current (7]
Uparating fempBiie Fands, et s SLATOZAM 18-Lead Power-Tab SIP 1.5A R () osrset s e =res
o o
Stm?zge Temperature Rangs, SLATOZ0M 18.Lead Power-Tab SIP A0A o CHENNELE AN MMESRS [
Ty v veieeeene e . A0°G Lo +150°C SMATOZOM 15.Lead SIP 154 Nate that exce ptfor the contral supply, chamnels A and B are electrically isoated.

CopTight @ 1994 Allegs MistoSystems, Ine.

3
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SLA7024M, SLA7026M, ann SMATR29M
HIGH-CURRENT PIVM,
UNIPOLAR STEPPER MOTOR
CONTROLLER/DRIVERS

ALLOWABLE PACKAGE
POWER DISSIPATION

25

O

SLAT024M and SLA7D26M

O

SLA7024M, SLA7026M, ann SMAT029M
HIGH-CURRENT PWM,

UNIPOLAR STEPPER MOTOR
CONTROLLER/DRIVERS

TYPICAL STEPPER MOTOR APPLICATIONS
{Half of Each Device Shown}
SLA7024M and SLA7026M

sersE |

fg
=n

AR

TRUTH TABLES
[Device Types as Designated)

WAVE DRIVE (FULL STEF} 2.PHASE {FULL STEP} CPERATION

w
&
=
= 20
] \ =i
I3 Rapt =S
o \
245 CONTROLAOG IS CONTROLLOG IS
< L
u Fomn =6.0CH \ [ —
2 4
o Fl
i N i [® # $ 2 [
E s FreFH LA
o s = 2FON ")
u
E mern s e O Le] =L L L L) ) L) L bl B Rl be) bl ksl ksl ) b
2 o = P L L B, S LB N I L
i = 5 10 125 150 5%y gz =55 8 a5 5 kg 8=z 5
TEMPERATURE in "C “ g g 3 B0 5§ 8 ° 5 og 32 o
2B 9 b g 58 g
o tara E B8 g g BB
v 8 3 5 o 8 e
ELECTRICAL CHARACTERISTICS at T, = +25°C
Limits
Characteristic Symbol Test Conditions Min Typ Max Units
FET Leakage Current lnss Vs =100V V=Y 40 mA
FET ON Voltage VDS[{)N] (SLATDE4M & SMATDZEM) VCC =14 ¥, loup =14 L) my
[SLATOZGM] Vg = 14V, gy = 3A BE0 | mv
FET ON Resistance rDS[or\J (SLATDZ4M & SMATDZEM) VCC =14¥, loup =14 L) me
(SLA?DZGM]VCC =14V, o =SA 285 me
Body Dinde Vo (SLATD24M & SMATOZIM) |y r = 1 A 28 15 v
Forward Voltage (SLATDRGM) I, r= 3 A g 14 v
Control Supply Voltage Ve Operating 10 24 4d v
Control Supply Current los Voo =4V 10 15 mA
Input Cument IIN[HJ Vo =MV Y =24V 40 A
[ EEN B0 | pA
Input Vot age V\N[H) 20 v
Vi 0.8 WV

MOTE: Negative current i defined 3¢ coming out of [$ourcing) the cpecified devica pin.

for SLATOZ4M and SLAT0Z6M or SLATOZ4M and SLATOZEM
| Sequence ol 1 2 3 o Seouence 2 1 2 3 2
Input A H L L& L H Input A H L L H H
Input A B L H L L Input A L H H L L
Input B E H L I L Input B H H L L H
Input B L L L H L Input B L L H H L
OutputoN_ | A B A B A outpsoN | AR | AR 7B | AE | aB
HALF-STEP CPERATICN (2-1-Z SEQUENCE}
for SLAT0Z4M, SLATOZEM, and SMATO22M
Sequence 0 1 2 3 4 S g 7 o
Input A H H 2 L L L L H H
Input 7 or tys" L L L H H H L L L
Input B L H H H L L L L L
Input B or t0" L L L L L H H H L
Outputis) ON A AR B AB A BE B AR A

“Logic signak 0 external opan-collector imvartar connectad to tyg and ty.

115 Morthezet Cuteff, Bax 15088
Wareester, Massachusetts D1615- 0006 {5DE) E33-5000
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SLATO24M, SLA7026M, anp SMAT29M
HIGH-CURRENT PWM,

UNIPOLAR STEPPER MOTOR
CONTROLLER/DRIVERS

TYPICAL STEPPER MOTOR APPLICATIONS
{Half of Device Shown}
SMATD29M

1]

e

WAVE DRIVE (FULL STEP} for SMA7028M

e
AAAAE

TRUTH TABLES
(SMAT0OZEM Only)

Sequence o 1 2 3 o
InpLt & H L L, L H
Input A L L H L L
Input B L H L L L
Input_tdB* L L L H L
Cutput ON A B A B A

*Logic tignak: to external open-oolectar inverter connected tot,, and t,.

2-PHASE (FULL STEP} QPERATION
for SMATOZIM

SLA7024M, SLA7026M, ann SMAT029M

HIGH-CURRENT PWM,

UNIPOLAR STEPPER MOTOR

CONTROLLER/DRIVERS

Sequence o il 2 3 o
Input A H H L L H
Input B L H H L L
Outputs oN | AB | a8 | aB | AB AB

APPLICATIONS INFORMATION

REGULATING THE PWHK QUTPUT CURRENT

The output current (and motor coil current) waveform is illustrated in
Figure 1. Setting the PWNM current frip point requires various extarnal
components:

W, = Refarence supply (typically 5V}
R,. R, = Voltage-divider resistors in the reference supply circuit
R = Current sensing resistor(s)

NOTE: The maximum allowable ¥ _input voltage is 2.0V
The voltage-divider must be selected accordingly

Normal PWM (Full-Current/Running} Mode
lour I8 S8t to meet the specified running current for the motor (Figure 2)
and is determined by

W
REF
lgyr= —=—— m
o= R/
o, IT Wege is not known
Lo = e ¥ b @
R,*R, Rg

g
FIGURE 1. PHASE A COIL CURRENT WAVEFORM
Ia
Zn, 1 IE [ K
h i g
Al R T T
{ 5 | “a | ‘:
) f g H B o (et
c:|‘ =
s
iﬁe

e

FIGURE 2. PWM CONTRCL (RUN MODE}

115 Morthezet Cuteff, Bax 15088
Wareester, Massachusetts D1615- 0006 {5DE) E33-5000
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SLAT7024M, SLA7026M, anp SMA7029M
HIGH-CURRENT PWM,

UNIPOLAR STEPPER MOTOR
CONTROLLER/DRIVERS

For given values of R, R, and ¥, (V=082 V), Figure Jillustrates
output current as a function of current-sensing resistance (R.).

2

ELATGZEM WAK.

2z
i}
= Ri 5100
& Re 1m0
Z2
o < R =
= \ w5V
3
FZl
&
H
E
& | laLaroen 5 smareeom e,
fet
E
5
L ™~

[
= T

i e N
[
o o5 1 16 20 28  &r 35 40

CURRENT-SENSING RESISTANCE in DHMS P,

FIGURE 3. CURRENT-SENSING RESISTANCE

Reduszd/Halding Currant Mode
Additional circuitry (Figure 43 enables reducing motor current. The
external transistor changes the voltage-divider tatio, ¥, o, and reduces the
output current. |, o is determined by resistors R, and Ry in parallal:
RZ RX Vb

| p = e+ 3
METR R, +R Ry +RR, Ry @

o R0 v,

LD o
R +R,0 Ry

where szk the equivalent value of R, and R, in patallel

SENSE

Ve
AN § v Vrer

AN
V/

FIGURE 4. HCLD CURRENT MODE

SLA7024M, SLA7026M, ann SMAT029M

HIGH-CURRENT PWM,

UNIPOLAR STEPPER MOTOR

CONTROLLER/DRIVERS

Forgiven values of Ry, Ry, and ¥, (Voer= 0,82 V), Figures 5A and 58
illustrate output holding current as a function of R, for two values of current-
sensing resistance (Rs).

1.0 |
Rs 0B T |

fos e
Eos / ‘._.—-"'Tw.on
§ // //
4
: L N e
ED l/ wE 5V
ol |

5 |

] 103 ) 200 aco 500 500

HOLDING-CURRENT RESISTANCE in OH WS v

FIGURE 5A. HOLD-CURRENT RESISTANCE

(SLAT0OZ4M and SMATOZIM)}
an
g0
2 s von
sy
o s
5 2
2 /,
i L P gy
3 1
- // P
5 /
o
o

0 100 200 200 400 200 £ w0
HOLOINGC URRENT RESSTANG Ein O HAS

By ab
FIGURE 5B. HOLD-CURRENT RESISTANGE [SLATOZGM)

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

The MOSFET outputs create ringing noise with PV, but the RC filter
precludes malfunctions. The comparator operation is affected by R, and G,
and, thus, current overshoot is influenced by component values. Empirical
adjustment to "fine-tune” the currant limit is likely

3
R e m
Wareester, Massachusetts D1615- 0006 {5DE) E33-5000



SLA7024M, SLA7026M, ann SMATR29M
HIGH-CURRENT PIVM,

UNIPOLAR STEPPER MOTOR
CONTROLLER/DRIVERS

DETERMINING THE MCTOR PWH FREGQUENCY
The modules function asyn chronously, with PWh OFF time fixed by R,
and G, atinputt, The OFF time can be calculated as:
2
tore =Ry » Gy - log, (‘“V} (5
v

Recommended circuit constants andt, . are:

=
)
RE=10 o) zog
UR=1108ms i £
=
4 w0 5
£ / —25§
u L~
5 L~ — g
z o ] =] A £
© o Voo = A8 g
-
ront Hwd
10 b
o
o z & & 1o 1z 12
MOTOR RESISTANEE in OHMS [

FIGURE 7.
PWM FREQUENCY vs MOTCR RESISTANCE

POWER DISSIPATION CALCULATIONS

Excepting high-current applications utilizing the SLAYG26M above
approximately 2.0 A at +65°C (with 2-phase operation), the need for heat
sinks is rare. The basic constituents of conduction losses (internal power
dissipation} include:
(&) FET output power dissipation (12 - Tosgan O |
(b} FET body diode power dissipation (VW * 1o 0k
() control circuit power dissipation (Mo, » |0

v

ot © DS{GN})>

Device conduction losses are calculated based on the operating mode
{wave drive, half-step, or 2-phase). Assuming a $0% output duty cycle:
Wave Drive = I8 (g * Poge ) + 15 Vap * loyrd + Voo s 15 mAy
HalfStep = 075 (1,2 » fpee 3 + 0.75 (Vep» [+ (Voo 15 mA)
3-Phase = {lu * Tgpap + Vap * lour) + [Voe 15 mAY

SLA7024M, SLA7026M, ann SMAT029M

HIGH-CURRENT PWM,

UNIPOLAR STEPPER MOTOR

CONTROLLER/DRIVERS

PACKAGE RATINGS/DERATING FACTCRS

Thermal ratings/deratings for the multi-chip module packages vary
slightly. Normally, the SLATI24M and SWMATDE 9M do not need heat
sinking when operated within maximum specified output current (£1.0 A
with 2-phase drive) unless the design ambient temperature also ex-
ceeds Hi0°C. Thermal calculations must also consider the temperature
effects on the output FET ON resistance. The applicable thermal
tatinga for the PMCM packages ara:

SLAT024M and SLATOZEM 18-Lead Power.Tab SIP
Ry = 28°CANV (no heat sink) or 4.5 W at +25°C and a derating
factor of -36 mWW/°C for operation above +25°C. R, . = 3°CAN

SMATOZIM 15-Lead SIP

= F1°CAV (no heat sink) or 4.0 W at +25°C and a derating
factor of -32 m\W/°C for operation above +26°C. R . = 6°CAW

TEMPERATURE EFFECTS ON FET g g

Analyzing safe, reliable operation includes a concermn forthe
relationship of NMOS ON resistance to junction temperature. Device
packatie power calculations must include the increase in ON resistance
(producing higher output OM voltages) caused by higher operating
junction temperatures. Figure 3 provides a normalized ONM resistance
curve, and all thermal calculations should consider increases from the
given +25°C limits, which may be caused by internal heating during
normal operation

Z.5
wz v
£
S
& L~
n o
g1 L
= /
o /
& - ]
a1
g //
)
Nl
Eos
E

o

-0 I R vl TR LAk Ral-)
JUNCTHIN TEMPERATURE in *C A

FIGURE 8. NOCRMALIZED ON RESISTANCE
vs TEMPERATURE
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SLA7024M, SLA7026M, ann SMAT029M

SLA7024M, SLA7026M, ann SMAT029M

HIGH-CURRENT PWM,
UNIPOLAR STEPPER MOTOR
CONTROLLER/DRIVERS
SLA7D24M and SLA7026M
Dimensions in Inches
(for reference only)
1.22 =008 012620006 % 9.150
g]-?é‘; & g— 09671 20,008 —fm ;152—‘ lg—
la— 0646 —ind 2 e fa—0.057
1005 1004
.9 . A
t ' o " il
L5 g i
g3 2258
b ]
aged --I le—0.095
¢ ' 4 e
T T ¥
i
i 7118
1 ! 8 oozz
le—— 173720008 —
+1.005 - by— 0,157
908 g0a ;Clﬂe‘eﬁ 1028
Dimensions in Millimeters
(controling dimensions)
Aoz A2amasx 38
,
12 4 g Zdi0z — 48—
Hs i Wz
\ o 16420z o el =17
i 1
h . A
1 ry I F
o b i A [
ki I w0 |
@ i L
! L]
- 4l fu—245
i ‘ ¢y g T
il [} 5.7
ff 5 i
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2, Recommendad mounting hardwars torque: 4,34 — 579 Ibft (6 —8 kgtomar0.588 —0. 784 Nm).

3, The hatched area & exposed (alectrically kokted) heats preader.

4. Recommend use of metal-oxidefilled, alky kdegenarated oil base, silicone grease [Dow Corning 340 or equivalent).
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MOTE: Exactbody and lead configuration atwendars option within limits shown.
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RFID Reader Module (#28140)

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

2AE (622mm)
245 (54.5mm)

1

0,147 [ Emm)

—-I I-— 0.1" [2.5mm)

Introduction

Designed in cooperation with Grand [dea Studio (http:ffwww.grandideastudio.com/), the Parallax Radic
Frequency ldentification (RFID) Reader Module is the first low-cost solution to read pessive RFID
transponder tags up to 1 32" - 3" inches away depending on tha tag (see list below]). The RFID Reader
Maodule can be used in a wide variety of hobbyist and commercial applications, including access contral,
autornatic  identification, robotim  navigation, inwventory tracking, payrment systems, and  car
immabilizat ion.

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 +5VDC supply

Bi-color LED for visual indication of activity

0.100% pin spacing for easy prototyping and integration

EE Y
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The Parallax RFID Reader Module works exclusively with the EM Microelectron ics-Marin 54 EM4100-family
of passive read-only transponder tags. A variety of different tag types and styles exist with the rost
popular made available from Parallax. Each transponder 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
the hest via a simple seral interface.

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

JENABLE, SOUT, GND). Use the following circuit for connecting the Parallax RFID Reader Module to the
BASIC Starnp micracontroller:

Pin Pin Name Type Functien
1 Voo P System power, +5Y OC input.
z JENABLE | Module enable pin. Adive LOWVY digital input. Bring this pin LOVW to
enable the RFIC reader and activate the antenna.
3 S0UT [v] Serial Out. TTL-level intsface, 24000ps, 8 data bite, no parity, 1 stop bit
4 GG = System ground. Connect o power supphr's ground (GME teminal.

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

Parallax, Inc. + RFIZ Reader Module (#25140) -Updated 022005 v1.1 Page 2



Communication Protocol

Implementation and usage of the RFID Reader Module is straightforward. BASIC Stamp 1, 2, and
SX2BAC/DP code examples (SX/B) are included at the end of this documentation.

The RFID Reacder Module is controfled with a single TTL-level active-low fENABLE 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 |LFD. When the
module is successfully powersd-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 R energy is focused ). If the tag is held sdewaye (pempendicular to the antenna} youll either
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
dightly 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 he
transmitted as a 12-byte ASCIT string via the TTL-level SOUT {Serial Output} pin in the following format:

MSE LaB
Fan By | Unkue D | Uniua IG | Unique 1 | L Umique I | Uniue 10 | Unigue 10 | Unique 10 | Unigse B3 | Unique 10| St B
adhy Digt t Digi2 gt 3 Digls Digké Digt 7 Dgité it e Digt 40 =0D)

The start byte and stop byte are used to easily identify that a correct string has been received from the
reader {they conespond Lo a ling feed and carriage return characters, respedively). The middle ten byles
are the adual lag's unkyue 1D,

All communication is 8 data bits, no parity, 1 stop bit, non-inverted, least significant bil first (8N1). The
baud rate is nfligured for 2400bps, a standard communications speed supported by most any
microprocessor or PC, and cannot be changed. The Parallax RFID Reader Module initiates all
wwmmunication. The Parallax RFID Reader Module can connect diredly Lo any TTL compatible UART or Lo
an R5232- compatible interface by wsing an external level shifter,

Absolute Maximum Ratings and Electrical Characteristics

-40°C o +B5°C
TB5°C 1p +125°C
2.5V 10 +5.5V.

Vollans on any pin with respact to Ve -3V to +7.00

Stresses above those licted under "Aheolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional 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 perinds may affect device reliability.

Parallax, Inc. = RFID Reader Modula (#2R140) -Updated 082006 v1.1 Page 3

DC Characteristics

At Vo = +5.0V and T, = 259C unless othenwise noted

Tast Spacification Unit
Conditions Min. ‘fm ]
— a5 6.0 v
— = 10 -— mé
- _ a0 -— s
BV <= Ve <= +h.6V = — 08 v
FAGY <= Ve <= +hOV 70 — — v
1LOW vollage Ve = 145V —_ _ 0.6 ¥
Culput HIGH el Ve = +4.6V Vg - 0.7 — — v

RFID Tags Available From Parallax

Parallax provides bwo passive RFID tags from our on-ling store, We're stocking the tags because many
suppliers have high minimums, yel many of our wstomers may only wanl a few Lags Tor their basic
experimentation,

+ 54 mm x 85 mm Redangle Tag (#28141}
+ 50 mm Round Tag {#28142)

24T (B4mm)

1.97" (50mm)

@ AT (4 Bmm)
hali

337 (84 5mm)

O& (X 1men) thick

0.03" (Q.8mm) thick

Actual tag dimensions may vary, Contad Parallax for specilic information,

Farallax, Inc. = RFID Readar Module (#28140) -Updated 02005 w14 Page 4



Optional Tag Information

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

150 Card: 6.3an (2.5") +/- 10%
World Tag 50mm: 6.8cm (2.7 +/- 10%
‘World Tag 30mm: S3am (2.1%) +/- 10%
Bobsleigh Keyiob: 5.3an (2.1%) +/- 10%
Tear shape: 40om (1.6%) +/- 10%
Wristband: 4.0an (1.6% +/ 10%

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

Radio Frequency Identification (RFID) is a generic term for non-contacting technologies that use radio
waves to automatically identify people or objects. There are several methods of identification, but the
most common is to store a unique sarial number that idertifies a person or object on a microchip that is
attached to an antenna. 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 ueed to power up the internal circuitry 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,
orrectly received digital data iz sent eerially through the SOUT pin.

There are two major types of tag technologies. "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
mmverted by the antenna into electridty that can power up the microchip in the tag (knowm as "parasitic
power"). The tag is then able to =end 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 drouitry and to broadcast a signal to a
reader. Due to the fact that passive tags do not have their own tranemitter and must reflect 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 occasional service. The RFID Reader Module is designed
spediically for low-frequency (170 kbr) passive tags.

Frequency refers to the size of the radio waves used o communicate between the RFID system
mmporents. Just as you fune your radio to different frequencies in order to hear different radio stations,
REID lags and reaclers have Lo be luned 1o the same y in orcler o ¢ icate effectively. RFID
systems bypically 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 URF, around 868 and 228 MHz), or
microwave (around 245 and 5.8 GHe). Il is generally sale o assume thal a higher frequency equates o
a faster data transfer rate and longer read ranges, but also more sensitivity to environmental factors such
as liguic and metal that can interfers with radio waves.

There really i no such thing as a "typical® RFLD Lag. The read range of a lag ultimately depends on many
factors: the Mreguency of RFID system operation, the power of the reader, and interference lrom other IF
devices. Balancing a number of engineering trade-offs (antenna sze v. reading distance v. power v.

Parallax, Inc. = RFID Reader Modula (#28140) -Updated 082005 w11 Page 5

manufacturing cost), the Parallax RFID Reacer Mocdule's antenna was designed with a spedfic inductance
and "Q" factor for 170kHz RFID operation at a tag read distance of up to 1 34" - 3" 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).

EFLD,.BS1
. BFID Tag Reader / Simple Security System
{e) Parallax, Inc. -- ALl Rights Reservad

supportéparallax, com

~ 07 FER 2005

14 ThMP BE1}
{4PERSIC 1.0}

L [ Frogram Depcripblon lr-r=r=smrere e e e e e e e e e
'

! Reads tags from a Parallax RFID reader and compares to known tags (stored
! in EEPROM table) . If tag is found, bhe pregram will disable a look .

P oeecee | Revislon HASEOLY Je - ccccecmmcc oo ccccccccccccccacaan
L e T LT -3 B T =
SYMBOL,  Enable -0 ! low = reador on

SYMBOL RX -1 ! serial from reader
SYMBOL, Spkr -2 |\ speaker ocubpub

SYMBOL Latch -1 ! lock/lateh econtrol
M A e I e e e et o e
SYMEOL LastTag -2 ' 3 Eags; ¢ to 2

! | Wariables |

SYMEOL,  Lagd - BO ! RFID bytes buffer

SYMBOL tagl = Bl

SYMBOL tag2 = B2

SYMBOL tagd = Bl

SYMBOL  tagd - B4

SYMBOL tags - BS

SYMBOL  tads - BG

SYMBOL  tag7 = B7

SYMEOL  Lagd - BE

BYMEOL  Lagh = Bn

SYMECL  tagbium = B10 ! from EEPROM table

SYMBOL  pntr = Bli ! pointer to char in table
SYMBOL  char = Hl2 ! character frcam table

Farallax, Inc. = RFID Readar Module (#28140) -Updated 08£2006 v1.1 Page 6



Tags :
EEPROM
EEDROM
EEFROM

{“0F0184FI0BE")
{UOF01D9D26a")
{"04125C1E43")

EEPROM (“0000000000%)
EEFROM (0000000000")

Reset ;
HIGH Enable
Low Latch

! ==-==] Pregram Codo ]--

Main:
LM Enable
SERIN RX, T2400,

(H0A}

SERIN R¥, TZ400, tagl,
SERIN R¥, T2400, tags,

HIGH Enahle

Check Ligt:

FOR tagMum = 0 TO
prbtr = taglum *
IF char e» tago
pnbr = Laglum *
IF char <> cagl
pOEr = taglum =
IF char <> tagz
pntr = tagHum *
IF char <> tagl
pntr = tagHum *
TF char > tagd
prbr = Laglum &
IF char e> Eags
prtr = Gagium *
IF char <> cage
pntr = taghum *
IF char <> tag’d
pntr = taghum *
IF char <> tagd
pOEr = taghum *
IF char <» tag%
GOTO Tag_Found

Bad_Char:

HEXT

Bad_Tag:
SOUND Spkr,. (25,
FAUSE 1000
GOTO Main

Tag_Found :
DERUG #tagum, CR
HIGH Latch
SOOND Spkr, (114,
LOW Latch

tagl, tagz, tagi, taga
tage, tag?, tagd, tagy

LagtTag

10 .+ 0 : READ
THEH Bad_Char
10 ¢« 1 : RERD
THEH Bad Char
10+ I : READ
THEH Bad Char
10+ 3 : READ
THEH Bad Char
10 + 4 : READ
THEW Bad_Char
10 + 5 : READ
THEN Bad_Char
10 + & : READ
THEN Bad_Char
10+ 7 : READ
THEN Bad Char
10 + & : READ
THEH Bad Char
10+ 9 : RERD
THER Bad_Char
B0}

184}

pnkr,
pnke,
EOtr,
gntr,
potr.,
pnke,
pntr,
pnte,
pntr,
pnte,

char
char
char
char
char
char
char
char
char

char

valid tags

GOTO Main

Purpose

RFID.BS52

Author.
E-mall.
Started. ...
Dpdatad. ...

space for other tags

| gaTame Baz)
1 SpBASIC 2.5}

turn of RPID readex
lock the door!

activate the reader
walt for header
get tag bytes

deactivate reader

sean through known bags
read char from DB
conpare with tag data

all mateh -- good tag

groan

for testing
remove latch
baegs

restore latch

Parallax, Inc. » RFID Reader Modula (¥28140) ~Updated 082005 vi.1

-« (=) Parallax, Inc
. support@parallax . com

07 FER 2005

. BFID Tag Reader / Simple Security System
== #ll Rights Reserved

== | Program De

in EEFROM table) .

riptilon ]--

[l [ Rewviegion History ]
[ [ 170 Definiticns ]
Enable FIN o
RY IN i
spkr TIN 2
Latch ELN £

#SELECT $5TRME

-=-[ Constants 1-

Roads tags from a Parallax RFID reader and compares bto known bags [(stored
If tag is found, the program will disable a lock.

low = reader on
serial from reader
sipeaker cubpulb
lock/latch contrel

#CRSE BER, BSIE, BEXFE
T1200 o B13
TE400 oo 366
T4AI0 T 188
‘T9600 oo B4
T1oK2 008 3z
THidl oo 1x
TI6HA oo &

#CRSE BS2SK, DI2F
T1200 Qo 2063
T2400 oo 1021
T4R00 oo 500
Te600 oo 240
Ti8K2 oo 1140
THidi 5. &0
T36K4 oo 45

WCASE B32PX
T1200 o 3x3
T24 00 cOH 1646
T4800 OO A13
Taa00 e ) 308
T1oK2 CORT 188
‘IMidi (=4 ] 108
THEKG 0 Bd

#FNDSELECT

Farallax, Inc. = RFID Readar Module (#28140) -Updated 08£2006 v1.1
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Sevenpit oo 52000
Tnverted co £4000
oen oo 38000
Batd con Tz400
#SELECT $STRME
#CHEE BS2, BEXE
Tmad]j oon FL00 P x 1.0 (time edjust)
Fridj oo 100 ' x 1.0 (freq adjust)
NCASE BS25X
T4 oo 4280 1% o3.s
Fradj oo 5066 X0
MCAZE BS2ZP
Tmadj CoH 305 LEr i e i)
Fradj oo 5044 1X 0.265
#CRSE BSIFE
Tmhd oo $100 L x 1.0
Frad) oot S0RA !x 0.665
#ChEE BS2Px
Tmadj oo 56807 X603
Fradi oo 2 ‘X 0.166
WENDSELECT
LastTag [ 3

MDEFINE  NC SERAM = ($5TAMP < BSZF)

#IF  Ho SPRAM #THEN
buf VAR

does module have IFRAMY

EFID bytes buffexr

character to test

from EEFROM table
tag byte index
charactor from bable

Byte (10) 1

MELSE

chkchar VAR Eyte i
HEMDIF
cagitum VAR Hib !
fex VAR Byte '
char VIR Byta !
L [ EEPROM DAEA ]e=--ccc-ae
Tagl DATA "OFULEdFI0R" !
Tag2 DATE  "OF0LDID2E3"
Tagd DATA "Od126C1 BTN
Mama o DATR "Dnauthorized", CR, 0
Homol DATR 'Goorge Johnston", ©R, O
a2 DATHA “pick Miller®, CR, O
Hamed DATA "Mary Evans®, CR, 0
P oameaa [ Initializatien ]
Reset :

HIGH Enable :

LOW Latch 4

valid tags

turn of RFID reader
lock bho door)

Parallax, Inc. » RFID Reader Modula (¥28140) ~Updated 082005 vi.1
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| eeeee| Program Code ] -----

Madin:
LW Enakls
WF  Ho SPRAM RTHEN
SERIN RX., T2400, [WAIT(40R). STR buf\ln]

SERIN RX, T2400, [WAIT(40R), SESTR 10]
#ENDIF
HIGH Enable

Check List:
FOR taghium = 1 TO LastTag
FOR 1dx = 0 T0 2
READ (tagtium - 1 » 10 + idx), char
#IF _ No_SERAM #THEN
TF {char «» buf (idx) ) THEN Bad_Char
#ELSE
GET idx, chkChar
IF (char <> chkChar) THEN Bad Char
WENDIF
HEXT
GOT0 Tay Found

Bad Char:
HEXT

Bad Tag:
Lagtum = 0
GOSUR Show Hame
FREQUUT Spkr, 1000 */ Tmadj, 115 */ Fradj
BAUSE 1000
GOT0 Main

Tag Found;
30508 Show_Hame
HIGH Tatch
FREQOUT Spkr, 2000 4/ Tohdij, BAO 4/ Prhdi
LOW Latch
GOTO Main

! Prints name asscoiated with RFID bag

Show_Hame ;
DEBUG DEC taghum, ": ®
LOOKUE taghum,
[Hame®, Mamel, Hamez, Mamed]. idx
Do
READ idx, char
IF (char = 0) THEW EXIT
DERDG char
ide = ldx + 1
LOOR
RETURM

activate the reader

wait for hdr + ID

deactivate veader

scan through known tags
scan bytes in tag

get tag data from cable
compare tag to table
read char from SPRAM
compare to table

all bytes matchl

LIy next tag

print name

romeve 1.
boop
rostore lateh

point to first charactsr

read character from name
if o, we're dons
obherwise print it
point to next character

Farallax, Inc. = RFID Readar Module (#28140) -Updated 08£2006 v1.1
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Jameco Part Number 133444
e .
~ DALLAS DS1286
¥ SEMICONDUCTOR Watchdog Timekeeper

FEATURES PIN ASSIGNMENT
= Keeps track of hundredths of seconds, _—
seconds, mitutes, hoors, days, date of the MTA ; 1 iﬁE \"W;;
. i M 2
tooith, mo_mhs, and wears; valid leap vear el wl WEmNTE
cotnpensation up to 21 e [l L4
*  Watchdog toer restarts an cut-od-control a5 Ps #0 Mo
processor a4 Ps bER Saw
= Alattn function schedules real titosrelated ol 5
L a2 Ps uf we
ALtrvities a1 fe wl TE
= Etnbedded Bthivtn shetpy cell moaintaing tins, A0 0 wl ow?
watchdog, nser BAM, and alarm information gg? i :; ;_3} f ggg
L Progmmble_intmupm and square wiae naz : 25 g E e
ﬁpuw_ mmtamlzgi"?;ﬁ* MI?EEJMIP;T‘ ] = g oaa
] registers are it ¥ addressable wia .
the address and data bus ZR-Ein Fncardnlited Backage
= Accuracy is better than 1 minute/toonth at {720-W6i1 Flush}
25°C

= Greater than 10 vears of tmekeeping in the
absence of Yoo

PIN DESCRIPTION

INTA - kit it Cratprut A drad
* S bytes of nser NV EAN il AT Ut A (el dram),
INTE {INTE} - hutetrupt Outprut B {opren draie}
Al-a5 - Address Inputs
D007 - Diata Input/Cratput
{E - Chip Enable
CE - Cratpiat Enalle
WE - Write Enable
Yoo -+5 Volts
GINDy - Ground
NC - Mo Cotitie ction
BOW - Bguare Wave Dutpat

DESCRIFTION

The DE1286 Watchdog Titmekeeper is a selfcortained real tirne clock, alatro, watchdog tioer, and
interval timer in a 28-pin JEDEC DIF package. The DE1286 contains an embedded lithium energy source
and a quartz crystal which eliminates the need for any external creuitry. Data cottained within 64 eight-
bit registers can be read or wertten in the sarne manner a5 bytewide static BAN. Data 15 maintained in the
Watchdog Titnekespet by intellipent control drcuitry which detects the statos of Vee atd vweite protects
roetnory when Veeis oot of tolerance. The lithfur energy soorce can toaintain data and real tirne for over
Wb years i the absencs of Yoo Watchdop Throekeepsr itfortnation includes hondredths of seconds,
seconds, roinutes, hours, day, date, month, and vear. The date at the end of the tnonth is antotnatically

Tof13 11155%
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TIS1286

adjusted for months with less than 31 days, mcluding correction for leap year. The Watchdog Timekeeper
opergtes in either 24-how or 12-howr format with an AM/PM indicator. The watchdog timer provides
alarm windows and interval timing between (.01 seconds and 99.99 seconds. The real time alarm
provides for preset times of up to cne week,

OPERATION - READ REGISTERS

The DS1286 executes a read cycle whenever WE (Write Enable) is inactive (High) and CE (Chip
Lnable) and CE {Output Enable) are active (Low). The unique address specified by the six address inputs
(AQ-AS) defines which of the 64 registers is to be accessed. Valid data will be available to the eight 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 OF and CE Access fimes are not satisfied, then data access must
be measured from the latter occurring signal (E or ﬁ} and the limiting parameter is either toq for CE
or 1gg for OF rather then address necess.

OPERATION - WRITE REGISTERS

The DS1286 is in the write mode whenever the WE (Write Enable) and CE (Chip Enable} signals are in
the eetive (Low) state after the address inputs are steble. The latter occwring falling edge of €L or WE
will determine the start of the write eyele. The write cycle is termingted by the eadier rising edge of CE
or WE . All address inputs must be kept valid throughout the write cycle. WE must return to the high state
for a minimum recovery state (twy) before another cyele can be initiated. Data must be valid on the data
bug with sufficient Data Set Up (tng) and Data Hold Time (tra) with respect to the earlier rising edge of
CE or WE. The OE control signal should be kept mactive (High) during write cycles to aveid bus
contention. However, if the output bus has been enabled (E and OE active), then WE will disable the
oulputs in topw Tom its flling edge.

DATA RETENTION

The Watchdog Timekeeper provides full finctional capability when Ve is greater than 4.5 volts and
write protects the register contents at 4.25 volts typical. Data is mamtained in the absence of Voo without
any additional support circuitry. The DS1286 constantly moenitors Vee. Should the supply voltage decay,
the Waichdog Ti per will automatically write protect itself and all inputs to the registers become

“TDon’t Care.” Both INTA and INTE (INTE) are epen drain outputs. The two interrupts and the internal
clock continue to nm regardless of the level of Ve However, it is important to insure that the pull-up
resistors used with the intermipt ping are never pulled up to o velue which is greater than Ve + 0.3V, As
Ve falls below approximately 3.0 volts, a power switching circuit turms on the lithium energy source to
maintein the clock, snd timer data fnctionality. It is alse required to insure that during this time (battery
backup mode), the voltage present a1 INTA and INTB (INTB) never exceeds 3.0V. At all times the
cuwrrent on ¢ech should not exceed +2.1 mA or -1.0 mA. However, if the active high mode is selected for
NrB (INTB), this pin will enly go high in the presence ol Ve During power-up, when Ve nises ebove
approximately 3.0 velts, the power swilching circuil connects extemal Ve and disconnects the internal
lithium energy source. Normal operation can resume after Vocexceeds 4.5 volts for a period of 150 ms.
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WATCHDOG TIMEKEEPER REGISTERS

The Watchdog Timekeeper has 64 registers which are 8 bits wide that contain zll of the Timekeeping,
Alerm, Watchdog, Contrel, and Data information. The Clock, 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 internel functions except that they are updated periodically by the
simultancous tansfer of the incremented intemal copy (see Figure 1), The Command Register bits are
affected by both mernal and extemal functions. This register will be discussed later. The 50 byvtes of
RAM registers can only be accessed from the external address and data bus. Registers 0, 1, 2, 4, 6, 8, 9,
end A contein time of day and dete infermation (se¢ Figure 2). Time of Dey information is stored in
BCD. Registers 3, 5, and 7 contain the Time of Day Alirm information. Time of Day Alanm information
is stored in BOD. 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 two registers is in
BCD. Registers E through 3F are user bytes and can be used to contain dete at the user’s discretion.
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DS1286 WATCHDOG TIMEKEEPER REGISTERS Figure 2
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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 net used and will always read 0 regardless of how they are written. Bits 6 and 7 in the Months
Register (9) are binary bits. When set to logic 0, EOSC (bit 7) enables the Real Time Clock escillator.
This bit is set o logic 1 as shipped from Dalles Semiconductor to prevent lithium energy consumption
during storage and shipment. This bit will nermally be tumed on by the user during device initialization.
However, the oscillator can be tumed on and off a5 necessary by setting this bit to the appropriate level,
Bit & 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 Signel. When set o logic 1 the Square Wave Oulput pin
is 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-heur format is selected. In the 12-hour format, bit 5 is the AM/PM bit with legic 1
being PM. In the 24-hour mode, 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 TL bit (bit 7 of Register BB} is set
lew or the clock oscillator is not running. The preferred methed of synchronizing date secess o 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 legic 0. This will freeze the External Time of Day
registers at the present recorded time, allowing access to occur without danger of simultaneous update.
When the watch registers have been read or written, a second write cycle to location 0B, setting the 1L
bit to a logic 1, will put the Time of Day registers back 1o being updated every (.01 second. No time is
lost in the real time clock because the intemal 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 ignore synchronization.
However, any single read may give eronecus data as the real time clock may be i the process of
updating the extemal memory registers as data is being read. The internal copies of seconds through vears
are incremented and Time of Day Alarm is checked during the period that hundreds of seconds read 99
and are transferred to the extemal register when hundredths of seconds moll from 99 to 00. A way of
making sure data is valid is to do multiple reads and compare. Writing the repisters can also produce
emronecus 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 possibility of
erronecus 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 0, a Time of Day Alarm will only cccur when Registers 2, 4, and ¢
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 to a logic 1. Similarly, an alamm is generated every hour when bit 7 of Registers 7 and 5
is setto a logic 1. When bit 7 of Registers 7, 5, and 3 is set to a logic 1, an alarm will ocour every mimite
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 te time for the Watchdog Alarm. The two registers contain & tme count from
10 99.99 seconds in BCD. The value written into the Watchdog Alerm Registers can be written or read in
any onder. Any access to Registers C or D) will cause the Watchdog Alarm to reinitialize and clears the
Watchdog Fleg bit and the Watchdog Interrupt Output. When a new value is entered or the Watchdog
Registers are read, the Watchdog Timer will start counting down from the entered value to 0. When 0 i
reached, the Watchdeg Interrupt Output will go to the active state. The Watchdog Timer countdewn is
interrupted and reinitielized back 1o the entered value every time cither of the registers is accessed. In this
manner, controlled periedic accesses to the Watchdog Timer can prevent the Watchdog Alanm from ever
geing to an active level IF access does not oceur, countdown alamm will be repetitive.  The Watchdog
Alarm registers always read the entered value. The actual coumdown register is imemal and is not

readable. Writing Registers C and D 1o 0 will diseble the Watchdog Alarm feature.

COMMAND REGISTER

Address location 0B is the Command Register where mask bits, control bits, and flag bits reside. Bit G is
the Time of Day Alarm Flag (TDF). When this bit is et internally to & logic 1, an alarm hes ocowred.
The time of the alarm can be determined by reading the Time of Day Alarm registers. However, if the
transfer enable bit is set to logic 0 the Time of Day registers may net reflect the exact time that the alarm
occurred. This bit is read only and writing this register has no effect on the bit. The bit is reset when any
ol the Time of Day Al registers are read. Bit 1 is the Watchdog Alarm Flag (WAF). When this bit is
set imternglly 1o a logic 1, & Watchdog Alarm has occured. This bit is read only and writing this register
has no effect on the bit. The bit is reset when any of the Watchdop Alarm registers are accessed. Bit 2 of
the Command Register contains the Tine of Day Alann Mask Bit (TDM). When this bit iz writlen to &
logic 1, the Time of Day Alarm [nterrupt Output is deactivated regandless of the value of the Time of Day
Alarm Flag, When TDM is set to logic 0, the Time of Day Intermupt Quiput will ge o the aclive state,
which is detennined by bits 0, 4, 5, and 6 of the Command Register. Bit 3 of the Command Register
conteing 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 Alerm registers. When WAM is
setto legic 0, the Watchdog Interrupt Output will go to the active state which is determined by bits 1, 4,
5, and € of the Command Register. These 4 bits define how Interrupt Output Ping INTA and INTE (INTB)
will be operated. Bit 4 of the Command Register determines whether both intermupts will output 2 pulse or
level when activated. [f'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 to logic 1, the B interrupt will source current.
When bit 5 is set to logic (), the B interrupt will sink current. Bit 6 of the Command Register directs
which type of interrupt will be present on interrupt pins INTA or ﬁ(n\rm). When set to logic 1, INTA
becomes the Tine of Day Alarm Interupt pin and INTB (INTB) becomes the Waichdeg Interrupt pin.
When bit 6 is set to logic 0, the intermpt functions are reversed such that the Time of Day Alarm will be
output on ﬁ([NTB) end the Watchdog Intermupt 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
Tegisters.
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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 -0.3V to +7.0V
Operating Temperature 0°C 10 70°C

Storage Temperature
Soldering Temperature

*  This is a stress rating only and functi

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

onal 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 | Vi 2.2 Vect0.3 v 10
Input Logic 0 Vie -0.3 0.8 v 10
DC ELECTRICAL CHARACTERISTICS (0°C to 70°C; Ve = 5V £ 10%)
PARAMETER SYMBOL | MIN | TYP MAX | UNITS | NOTES
Input Leakage Current T -1.0 +1.0 HA
Output Leakage Current I -1.0 +1.0 UA
/0 Leakage Current Ipio -1.0 +1.0 HA
CE 2Vm< Ve
Qutput Current (@ 2.4V lan -1.0 mA
Qutput Current (@ 0.4V lor 20 mA 13
Standby Current CE = 2.2V lees: 3.0 7.0 mA
Standby Current CE > Vi -0.5 lecs: 4.0 mA
Active Current lec 15 mA
Write Protection Voltage Ve 4.25 v
CAPACITANCE (a=25°C)
PARAMETER SYMBOL | MIN | TYP | MAX | UNITS | NOTES
Input Capacitance Cm 7 10 pF
Output C: itance Cour 7 10 pF
Input/Output Cap Cio 7 10 pF
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DS1286
AC ELECTRICAL CHARACTERISTICS (0°C to 70°C; Vg = 4.5V to 5.5V)
PARAMETER SYMBOL | MIN | TYP | MAX | UNITS | NOTES
Read Cycle Time tre 150 ns 1
Address Access Time lace 150 ns
CE Access Time tco 150 ns
OF Access Time tor 60 ns
OE or CE_to Output Active tcok 10 ns
Output High £ from Descl lon 60 ns
Output Hold from Address Change Lo 10 ns
Write Cycle Time twe 150 ns
Write Pulse Width twe 140 ns 3
Address Setup Time Lyw 1] ns
Write Recovery Time lwi 10 ns
Output High Z from WE lopw 30 ns
Output Active from WE torw 10 ns
Data Sctup Time s 45 ns 4
Data Hold Time o 0 ns 4.5
INTA . INTB Pulse Width tiw 3 s 11,12
READ CYCLE (NOTE 1)
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WRITE CYCLE 2 (Notes 2, 8)
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DS1286
POWER-UP/POWER-DOWN CONDITION
PARAMETER SYMBOL | MIN | TYP | MAX | UNITS [ NOTES
CE at Vi before Power-Down trn 0 s
Ve slew from 4.5V to OV (CE_at Vi) g 350 s
Vee slew from 0V to 4.5V (CE at Vi) ta 100 us
CE at Vyy after Power Up trEC 150 ns
(ta=25°C)
[ PARAMETER [SYMBOL [ MIN | TYP [ MAX [ UNITS [ NOTES |
| Expected Data Retention Time | ton [ 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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10.
.
12.
13.
14.

s high for a read cyele.
Vg or Vi If OE

= ¥ IH during write cycle, the output buffers remain in a high impedance

state.

twp is specified as the logical AND of the CE and WE. typ is measured from the latter of CE or WE
going low to the earlier of CE or WE going high.

tps Or tpy are measured from the earlier of CE or WE going high.

tpp is measured from WE going high. If CE is used to terminate the write cycle, then tpy = 20 ns.

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.

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

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.

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 tpp is defined as starting at the date of
manufacture.

All voltages are referenced to ground.

Applies to both interrupt pins when the alarms are set to pulse.

Interrupt output occurs within 100 ns on the alarm condition existing.

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

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.

AC TEST CONDITIONS

Output Load: 100 pF + ITTL Gate
Input Pulse Levels: 0-3.0V

Timing Measurement Reference Levels

Input: 1.5V
Output: 1.5V

Input Pulse Rise and Fall Times: 5 ns.
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Input Specifications
Input Voltage Range
Input Current :

Frequency Range:

Inrush Current, typ:
Leakage Current

Output Specifications
Voltage and Current

Load Reulation {0%-FL)
Line Regulation

Voltage Tolerance
Voltage Adjustment Range
Ripple/ Hoise {max)

Over Voltage Protection
Overload Protection

Setup/ Risel/ Holdup
(230 VAC)

General Specifications
Input-Out Isolation

Isolation Resistance

IIP-0/P, IIP-G C/P-G:
Efficiency (3.3 V through 48V)
Switching Frenquency

Safety

EMNG0950

LIL1950

Environmental Specifications
Oper. Temperature

Storage Temperature

Relative Humidity

Vibration

EMC

MTBF

Physical Specifications
Size

Contruction

Weight

85-264 VAC

315 A 115 VAC
1544230V
Range:d7-63 Hz

Cold Start 30AM15 VAC
==1mAf 240 VAC

See Selection Chart
+i-0.5 %

+i- 0.5%

+i- 1-0%

216 ~ 264V
150mVvp-p

Shutdown; Re-power on

105 ~150%, Constant 1 Limit
Auto Recovery

15, 30ms at full load

[/P-0iP: 300 VAC
I/P-G: 1500 VAC
OfP: D.5KVAC

500YDCHM00 Ohm
83% typ
135 Khz, (fixed, typical)

TUY File#9758434
UL#E183223

=10 ~ +60°C
-20 to +85°C
10% to 95%, non-cond *

10~ 500Hz, 2G 10min./ 1cycle,

Period for G0 min.

Each Axes

CISPR22 (EM55022)B,
EMG1000-4-2,3,5,6,8,11
EMNVE0204
EMG1000-3-2,-3
314,900 Hrs

30787 16"
Closed Frame
Weight 19.4 oz, (550q)
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