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Abstract

parts Coin Recognizer which is the unit than recognizes the
coins .Mechanical part includes stepper motor and springs to deliver the Candy to the
user, Microcontroller Board which controls the whole system.

This project aims to design a com

plete practical vending machine which can be
implemented in the future.
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1.1 Introduction

Vending Machine is a self independent machine that is used to sell many kinds of
products such as Cigarettes, candy, soft drinks ....etc. It becomes very important and,
comfort way to sell the products .The project is aimed to design a candy vending
machine that has the ability to accept money (coins) from the user and deliver the
selected candy to the user if the money is enough otherwise it will give the user the
chance to insert more money .In addition for administrator mode which allow the

administrator to change the prices and the software of the vending machine.

1.2 Proposed project

" This project aims to design a Candy Bar Vending Machine which will sell specific
kinds of candy .The project will give a simple practical design that can be
implemented in the future in our region .This design of the machine include

designing of a cabinet box , coin recognizer unit, mechanical delivery unit.

1.3 Project importance:

The following points explain the impacts of the vending machine on many aspects of

life and clarify the importance of the vending machine by giving many examples.

1.3.1 Impact on Society

Vending machines have evolved from dispensing postcards in the early 1880s to
dispensing anything we can think of in present day. We can now purchase coffee,
canned drinks,‘ cup noodles, chocolate, newspapers, medicine - the list is

inexhaustible. They have changed our lives in many ways.

1.3.2 Impact on life

We are now living in a fast-paced, automated world whereby we will like everything

to be fast, effective and convenient. We have benefited from the usage of vending




machines around ug to an extent that we are not even consciously aware of their
importance in our everyday life.-

1.3.3 Impact on Economy

Vending machines can be a profitable business, in areas like manufacturing,

maintenance, distributing and evep companies that specializes in outsourcing

locations for vending machines installation. These companies have allowed the
creation of many jobs, from the factory worker attaching parts of the vending
machines to the technician providing maintenance support to the deliveryman topping
up the products in the machines. AJ] these jobs created are sources of income for

those employed.

It is noteworthy to point out that in Japan alone, there are more than 5.6 million
vending machines in a country of about 126 million people. The sales of products
dispensed through vending machines in 2000 exceeded 7.1 trillion yen ($57.6 billion).
Given the high sales figures in Japan, there are countless economical opportunities

available in the vending industry for anyone to explore.

On an interesting note, there has been a growing emphasis by many countries, on the
need for innovation and creativity. The vending industry thrives on such factors
because any breakthrough in the way a machine dispense its products can be
translated into high profits. For example, the Japanese unit of Coca-Cola has started
the service of providing mode phone subscribers the cashless purchase of beverages
and to deliver advertisements and other information on a display installed in the
Coke’s vending machines. Such a complementary service is a win-win situation for
both the companies and the consumers. For the consumers, it gives them more variety
of choices in the way they purchase drinks. For the companies, such innovation will

make them stand out from the rest and in the long run; they can increase their market

- share as well.




As long as there is a pu_blic demand for vending machines, the vending industry will

continue to innovate and bring cutting-edge technology to the machines to serve the
ever-growing needs of consumers today ‘

1.3.Impact on human health:

Vending machines have allowed food and beverage items to be dispensed to
consumers in a more cleaner and hygienic manner, due to the fact that the items are
dispensed from within an unexposed and technically sterile environment, which
minimize exposure to pollutants and microbes as compared to if handled by human
hands. Since the birth of the world’s first commercial vending machines till now,
there have no major report of any casualties resulting from consuming products
- bought from vending machines. In addition, vending machines are maintained and
éleaned by maintenance workers on a regular basis, hence ensuring a relatively high

standard of cleanliness throu ghout its operation.

1.4 Literature review:

In Palestine Polytechnic University there is no previous studies about the vending
machine, the following section will show discuss about the vending machine

including commercial vending machine and how it is started and evolved by the time.

1.4.1 Development of Vending Machines:

Vending machines, otherwise known as “automatic retailing” machines, have a long
history. The earliest documented existence of the world’s first vending machine dates
back to 215 B.C. in Alexandra, ancient Egypt, where the Greek mathematician Hero,

invented a device to dispense holy water in temples for ritual cleansing.

Worshippers would insert coins through an opening at the top of the device, which

would then fall on and depresses a pan below.




The depression of the pan would in turn [ift up a valve and allowed water to flow out.
As the pan tilts, the coins would fall off and the reduction in weight to the pan forces

the pan back to its original position. This action then causes the valve move in the

opposite direction and shut down the channel for the water to flow.

Vending machines were uged Wwidely throughout Europe in the late 1800s. The
world’s first commercial coin-operated machine was introduced in London, England
in the 1880s, which dispensed post cards. Around this period, an English book

publisher, Richard Carlisle, invented a vending machine that sold books to the public.

However, vending machines only became popular when they were introduced into the

United States in the late 1800s and at the turn of the 1900s. In 1888, the Thomas
: Adams Gum Company introduced the first machines on the elevated subway
platforms of New York City, selling the company’s Tutti-Frutti brand of chewing
gums. In 1897, another gum manufacturing company, Pulvar Manufacturing
Company, brought a whole new revolution into the designing of vending machines,
by adding animated figures onto its own gum vending machines, in order to attract
more patrons. The familiar round spherical gumball vending machines, introduced in

1907, was also a result of the new machine desi gn revolution’

The rise in popularity in vending machines in the United States was so overwhelming
that people virtually dispensed almost anything from machines. Such items include
cigarettes, postcards, stamps, candies, coffee and snacks. In 1902, the Horn and
Hardart Baking Company introduced a new concept to the use of vending machines
by setting up a completely coin-operated restaurant in Philadelphia. Patrons would
purchase their food and beverages entirely from vending machines and consume them
on tables and chairs provided, just as they would in normal restaurants. It stayed

opened until 1962, where unfortunately, the dawn of the fast food craze in America

put them out of business.




1.5 Project Estimated Cost

Table (1.1) shows the estimated cost of vending machine.

Table (1.1): Estimated Cost

L CompneneamaTw . units | Estimated cost (5)
;N805-1 Miéf:oconf'roill-é'r“ éoardt s '. 1 IR W Ty $24b ‘ e

(50 I/O lines, 32k SRAM, High speed

rates baud) + LCD + Charging

fees+Taxes

16 Darlington Transistor 16 $16

16 Opt couplers 16 $10

Stepper motors 1 4 $100

Springs 4 $10

Photo transistors 4 $4

Photo Diode 4 $4

Cabinet 1 $100

ICs Bases 30 $10

Boards 3 $10

Cables and Connectors $8

Power Supplies (12V), (26V) 2 $10

Total $522




1.6 Time Plan
Table (1.2) shows the time Plan suggested for the project

Table (1.2): Time Plan

3 , v
Weeks
~ Tasks
=
Gathering

Data Analysis

e
Requirement
specification

System Design |:

!
=
|
|
.

i

Testing

i

' Documentation
!




1.7 Report Contents

Report consists of seven chapters; the following is a brief description of the topics

that are covered in each chapter.

Chapter 1 presenting general idea about the project and its importance, also the

literature review, estimated cost, time plan are shown.

Chapter 2 introduces and illustrates the idea of the project, describes the components

used in the project.

Chapter 3 details the design concepts, introduces project objectives, shows the

. general block diagram of the system and explains how system works.

Chapter 4 outlines formal procedure for design, discuss design options and justify

those chosen for the project.

Chapter 5 “Software System Design”: shows out the system software flow charts,

and subroutine.

Chapter 6 “Implementation and Testing “discusses the steps followed to implement

and test our own design.

Chapter 7 “Conclusions and Future Work” provides many suggestions to expand this

project and summarizes the project conclusions.




Chapter Two
Theoretical Background

2.1 Introduction

2.2 Project Components




2.1 Introduction

This chapter focuses on the theoretical subjects related to the main idea of the project,

and information about the components used in the project and also some shape designs

about the available commercia] vending machines.

2.2 Project components

This project has many components which are listed in the following section as shown in
the fig (2.1), these components are:
- Cabinet Box
- Money Depositing (Coin Recognizer)
.~ Item Delivery unit (Stepper Motors + springs)
- Microcontroller 8051

8051 Microcontroller Coin
beard recognizer

Cabinet

1“
box

Stepper motors

Fig (2.1) System components
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2.2.1 Cabinet box

Tl'fe Cabinet is a box of wood or aluminum fixed with the ground and has a height
suitable for the users with front of glass in order to show the products. The cabinet as

shown in the figure I has switches in order to select the product

2.2.1.1 Cabinet box shape

. There are many shapes alternatives for the cabinet of vending machine and these shapes

are specified in Figure (2.2).

un oSt

un ¢z

wo (g

Fig (2.2): Cabinet Shape
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greatest effect is seen in the reverse direction. Here the largest changes are noticed, and

the normal forward current does not mask the effects due to the I ght.

2.2.3.2 Load cell (Strain Gage sensor)

is a sensor which is used to specify the weight of the coin it will be affected by any
change of the weight and this change leading to change in the voltage which will be very
small (mV), so it need to be amplified by an Amplification circuit using TLO81.The
resistance strain gage is an electrical sensing device that varies its resistance as a linear
function of the strain experienced by the structural surface to which it is bonded. Strain
is the deformation of a solid material as the result of applied forces (internal or external),
and is normally expressed in units of microinches per inch (or microstrain).

A typical strain gage consists of a conductive grid pattern of etched metallic foil,
mounted on a thin base of epoxy or fiberglass. It can then be bonded to a surface in such

a way that any subsequent deformation of the surface produces a like deformation of the

gages.

When the gage is deformed, its electrical resistance changes. This fact is explained partly
by simple geometry. That is, when a conductor is stretched lengthwise, its cross-
sectional area decreases,.with a consequent increases in resistance. It is also partly
explained by changes in the actual receptivity of the gage material when subjected to
strain. For a given amount of unit strain (AL/L), the gage will undergo a corresponding
change in resistance (AR/R). The ratio of the unit change in resistance to the unit change

in length is known as the gage factor (Fg) of the gage:

F, = (AR/R) / (AL/L)

13




Fig (2.3): Strain Gage Sensor

2,2.3.3 Size and Diameter Recognizer

The Entry or the slot of the coin will be designed to be exactly the same as the coin size
and diameter so any attempt to enter a coin larger than the size of the shekel will not

work.

2.2.4 Ttem Delivery Unit

This part of the system is responsible for delivering the products to the user it consists of

stepper motors, and their driver circuits and springs.

2.2.4.1 Stepper Motors:

There are two basic types of steppers:
1. Unipolar, has 5, 6 or 8 wires.

2. Bipolar, has 4 wires.

14




Figure (2.4): stepper motor

1. Unipolar Stepper Motor

The Unipolar Stepper motor has two coils, simple lengths of wound wire, The coils are
identical and are not electrically connected. Each coi has a center tap a wire coming

out from the coil that is midway in length between its two terminals.

Figure (2.5): Unipolar Stepper Motor.

You can identify the center tap by measuring resistance with a suitable ohmmeter
(capable of measuring low resistance <10 ohm), the resistance from a terminal to the
center tap is half the resistance from the two terminals of a coil.

When talking about the motor control circuitry, we see that the current flowing through a
coil produces a magnet field, which attracts a permanent magnet rbtor, which is
connected to the shaft of the motor. The basic principle of stepper control is to reverse the
direction of current through the two coils of a stepper motor, in sequence, in order to
influence the rotor. Since there are two coils and two directions, that give us a possible 4-

phase sequence. The internal arrangement of the motor is quite complex. The winding

15




and core repeated around the perimeter of the motor many times. The rotor is advanced

only a small angle, either forward or reverses and the 4-phase sequence is repeated many

times before a complete revolution occurs.

Reversal of currert in one coil of & Unipolar Stepper

Figure (2.6): Reversal Current of Unipolar Stepper Motor.

The conceptual model of Unipolar stepper motor is shown in the figure (2.7), and the

stepping sequences of Unipolar motor are shown in the table (2.1).

Powver 2
Powver 1
1a
2b
b
28 >

Conceptual Model of Unipolar Stepper Motor

Figure (2.7): Conceptual Model of Unipolar Stepper Motor

16




Table (2.1): Table of Stepping Sequences

[ T S —
| Sequence Name Description I
5———_'_—"_"‘["'" T [ — I e - o =
‘WB..VC . Consumes the least power. Only one phase is
Drive, - energized at a time. Assures posittonal accuracy
One- . regardless of any winding imbalance in the motor.
Phase
| 0011 Hi- | Hi Torque - This sequence energizes two adjacent
| 0110 Torque, . phases, which offers an improved torque-speed
1 1100 Two- . product and greater holding torque.
1 1001 Phase
| 0001 | Half-Step ' Half Step - Effectively doubles the stepping ‘
"1 0011 - resolution of the motor, but the torque is not uniform |
| 0010 - for each step. (Since we are effectively switching |
| 0110 - between Wave Drive and Hi-Torque with each step,
| 0100 - torque alternates each step.) This sequence reduces
1100 | motor resonance which can sometimes cause a
[ 1000 | motor to stall at a particular resonant
| 1001 . frequency. Note that this sequence is 8 steps.

2 Bipolar Stepper Motor:

Bipolar stepper motor is very similar to the Unipolar stepper, except that the motor coils
lack center taps. Because of this, the bipolar motor requires a different type of controller,
one that reverses the current flow through the coils by alternating polarity of the
terminals, giving us the name Bipolar. Bipolar motor is capable of higher torque since
entire coil(s) may be energized, not just half-coils. The Bipolar Stepper motor has 2 coils.

The coils are identical and are not electrically connected.

17




Figure (2.8): Bipolar Stepper Motor.

When we talk about the Motor Contro] Circuitry we see that the Bipolar controller must

be able to reverse the polarity of the voltage across either coil, so current can flow in both

directions. And, it must be able to energize these coils in sequence

Figure (2.9): Reversal Current of Bipolar Stepper Motor.

This circuit is called an H-Bridge, because it resembles a letter "H". The current can be
reversed through the coil by closing the appropriate switches - AD to flow one direction
then BC to flow the opposite.

The Conceptual model of Bipolar stepper motor is shown in the figure (2.9), and stepping

Seéquences of the bipolar motor are shown in the table (2.2).

18




Conceptual Model of Bipolar Stepper Motor

Figure (2.10): Conceptual Mode] of Bipolar Stepper Motor

Table (2.2): Table of Stepping Sequences of Bipolar Model

| Sequence ; Polarity | Name Description
{ 0001 -+ | Wave | Consumes the least power. Only one
0010 -=+- Drive, | phase is energized at a time. Assures
1 0100 —+-- | One- positional accuracy regardless of any
| 1000 +--- | Phase winding imbalance in the motor.
| o011 -++ | Hi- | Hi Torque - This sequence energizes two |
| 0110 -+t | Torque, | adjacent phases, which offers an
DSRHO0E = e ; Two- | improved torque-speed product and f
| 1001 +--t | Phase | greater holding torque.
0001 — | Half- | Half Step - Effectively doubles the
| 0011 —— | Step stepping resolution of the motor, but the
| 0010 — | | torque is not uniform for each
| 0110 - i | step. (Since we are effectively switching _1
| 0100 —+-- i | between Wave Drive and Hi-Torque |
1100 ++-- | with each step, torque alternates each
| 1000 gli | step.) This sequence reduces motor
{ 1001 +--+ | resonance which can sometimes cause a
5 | motor to stall at a particular resonant
frequency. Note that this sequence is 8
| steps.




2.2.5 8051 Microcontroller-

A struggle has been going on between MCU manufacturers for quite a long time, each of

them trying to best respond to the ever-increasing demands of the market. Every couple

of days there is a;brand new chip available, working at higher frequency, with more

memory or with better A/D converters. And yet, a closer look to their interior

same or at least very similar structura design referred to as "8051 compatibility". What is

family MCS 8051 to the market. Although this family had quite limited capabilities by
today's notions, it quickly captivated the world and became the standard for what is today
understood as 'microcontroller’. The most significant cause for such a success can be
found in the cleverly chosen configuration which can satisfy a diversity of needs, yet
allowing for continuous upgrades (in form of new controllers). In a brief period of time, a
decent amount of software has been developed for 8051, making further changes of the
hardware core simply uneconomical'. Consequently, there is a variety of MCUs available
today, basically just the upgraded 8051 models. What exactly makes this microcontroller
so special and universal that it is still manufactured by all the major companies, just

under a different label?

| Program [ -
memory {

Fig (2.11): 80851 Microcontroller




As can be seen in the Fig

(2. 10), there is nothing particularly remarkable about MCU
8051: '

= 4 Kkilobytes of ROM is neither too ljttle nor too much

= 128 bytes of RAM (SFR registers included) can satis
really astounding.

fy the basic needs, but is not

» 4 ports totaling 32 I/O lines, are usually sufficient for connecting to the environs
and are by no means luxury.

Obviously, 8051 configuration is intended to satisfy the needs of programmers
developing the controlling devices and instruments. This is one part of its key to success:
there is nothing missing, yet there is no lavishness; it is meant for the average user. The
cher clue can be found in the organization of RAM, Central Processor Unit (CPU), and

ports - all of which maximally utilize the available resources and allow further upgrades.
Pins On The Case

= 1-8: Port 1; Each of these pins can be used as either input or output according to
your needs. Also, pins 1 and 2 (P1.0 and P1.1) have special functions associated
with Timer 2.

x93 Reset Signal; high logical state on this input halts the MCU and clears all the
registers. Bringing this pin back to logical state zero starts the program anew as if
the power had just been turned on. In another words, positive voltage impulse on
this pin resets the MCU. Depending on the device's purpose and environs, this pin
is usually connected to the push-button, reset-upon-start circuit or a brown out
reset circuit .The image shows one simple circuit for safe reset upon starting the

controller. It is utilized in situations when power fails to reach its optimal voltage.




10-17: Port 3; As with Port 1, each of these Pins can be used as universal input or

output. However, each pin of Port 3 hag an al

=  Pin 10: - serial i .
RXD - serial nput for asynchronous communication or serial
output for synchronous communication,

= oRine 1 b 'Y

ternative function:

- serial output for asynchronous communication or clock
output for synchronous communication

x Pin 12: IN'T0. input for interrupt 0

m e P18 INE] = input for interrupt ]

* Pin 14: TO - clock input of counter 0

* Pin 15: T1 - clock input of counter |

= Pin 16: WR - signal for writing to external (add-on) RAM memory

= Pin 17: RD - signal for reading from external RAM memory
18-19: X2 and X1; Input and output of internal oscillator. Quartz crystal
controlling the frequency commonly connects to these pins. Capacitances within
the oscillator mechanism (see the fig 2.14) are not critical and are normally about
30pF. Instead of a quartz crystal, miniature ceramic resonators can be used for
dictating the pace. In that case, manufacturers recommend using somewhat higher
capacitances (about 47 pF). New MCUs work at frequencies from OHz to
S0MHz+. ’
20: GND; Ground
21- 28: Port 2; If external memory is not present, pins of Port 2 act as universal
input/output. If external memory is present, this is the location of the higher
address byte, i.e. addresses A8 — A15. It is important to note that in cases when
not all the 8 bits are used for addressing the memory (i.e. memory is smaller than
64kB), the rest of the unused bits are not available as input/output.
29: PSEN; MCU activates this bit (brings to low state) upon each reading of byte

(instruction) from program memory. If external ROM is used for storing the

program, PSEN is directly connected to its control pins.




« 30: ALE; Before each reading of the exte
byte of the address register (addresses A0 - A7) to port PO and activates the
output ALE. External register (74HCT373 or T4HCT375 circuits are common),

a signal from ALE pin, and uses it

both addresses and data.
31: EA; Bringing this pin to the logical state zero (mass) designates the ports P2

and P3 for transferring addresses regardless of the presence of the internal
memory. This means that even if there is a program loaded in the MCU it will not
be executed, but the one from the external ROM will be used instead. Conversely,

bringing the pin to the high logical state causes the controller to use both

memories, first the internal, and then the external (if present).

= 32-39: Port 0; Similar to Port 2, pins of Port 0 can be used as universal
input/output, if external memory is not used. If external memory is used, PO
behaves as address output (A0 — A7) when ALE pin is at high logical level, or as
data output (Data Bus) when ALE pin is at low logical level.

= 40: VCC; Power +5V

Input — Output (I/0) Ports

Every MCU from 8051 family has 4 1/O ports of 8 bits each. This provides the user with
321/0 lines for connecting MCU to the environs. Unlike the case with other controllers,

there is no specific SFR register for designating pins as input or output. Instead, the port
itself is in charge: O=output, 1=input. If particular pin on the case is needed as output, the
appropriate bit of I/0 port should be cleared. This will generate 0V on the specified.
controller pin, Similarly, if particular pin on the case is needed as input, the appropriate

bit of 1/0 port should be set. This will designate the pin as input, generating +5V as a side

effect (as with every TTL input).




* When designated as input, pin of Port 0 acts as high impedance offering the

infinite input resistance with no "inner" voltage.

= When designated as output, pin acts as "open drain". Clearing a port bit grounds
the appropriate pin on the case (0V). Setting a port bit makes the pin act as high
impedance. Therefore, to get positive logic (5V) at output, external "pull up"

resistor needs to be added for connecting the pin to the positive pole.

Therefore, to get one (5V) on the output, external "pull up" resistor needs to be added for

connecting the pin to the positive pole.

Port 1

This is "true" 1/0 port, devoid of dual function characteristic for Port 0. Having the "pull

up" resistor, Port 1 is fully compatible with TTL circuits.

Port 2

When using external memory, this port contains the higher address byte (addresses A8—

Al5), similar to Port 0. Otherwise, it can be used as universal I/O port.

Port 3

Beside its role as universal I/O port, each pin of Port 3 has an alternate function. In order
to use one of these functions, the pin in question has to be designated as input, i.e. the

appropriate bit of register P3 needs to be set. From a hardware standpoint, Port 3 is

similar to Port 0.
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3.1 Introduction

and how it works.
3.2 Objectives

The project objectives:
e Designing a self independent candy bar vending machine.

Designing a coin recognizer unit which has the ability to recognize the coins

Making a mechanical delivery unit which deliver the products to the user

e Controlling the system using Microcontroller

3.3 Block Diagrams

The following figure (3.1) show a block diagram for a vending machine it consists of
input switches for selecting products ,coin inputs and in the other side (output) there are
four kind of products could be delivered for the user .

Fig 3.2 show more detailed block diagram and main parts in the system.

Inpur Switches————
CoinInputs : PPy duct 1
£o Ve nd l.ng ———#=Product 2
Machine e
CDntr()ller ————=-Pro duct 4

Figure (3.1): General Block Diagram
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driving circuit > Stepper

motor

8051 — |  LCD
Microcontroller

Board

«—— | Switches

Coin
Recognizer

Figure (3.2): Block Diagram

3.4 How the system works

The vending machine proposed in this project operates just like any other vending
machine. The controller will keep a running total when coins are deposited. After the
money has been deposited, the user will select the product to be vended and push the
"GO" button. If there is enough money in the machine, it will vend the specified product.
The controller will ignore any vend requests if not enough money had been deposited

unless enough money has been added.

In programming mode, the prices for the products are stored. Using a program could be

transferred to the controller by a serial cable; the controller has the ability to program

different prices for the various products.
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Select
Product
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Adding
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Fig (3.2): System Process model
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4.1 Introduction:

' - ; € system including the driving circuits of
the motor, the coin recognizer circuitg and th

€ Switches circuit, the second part is the
cabinet of the system.

4.2 Cabinet Design

4.2.1 Cabinet Dimension:

-Width: 65 cm divided into two vertica] sections
First section 40 cm which include the Delivery Item system,
Second section 25 cm which include the switches and the coin recognizer

-Height: 150 cm Divided into five sections horizontally divided into five sections of

30cm.
-Length: 65 cm.
Fig (4.1) shows the shape of vending machine and figure (4.2) and (4.3) show the planes

of the vending machine.

4.2.2 Cabinet Description:

The front of the cabinet will be made of glass to show the products and the bottom part of

the cabinet will be made of aluminum
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4.3 Circuits Design:

The system consists of three m At St
|. Stepper motor drive circuit
2. Coin Recognizer.

3. Microcontroller Board

4.3.1 Stepper Motor:

aseries of high and low voltages,

Additionally stepper motor has excellent rotational accuracy, large torque, small size, low
cost, high reliability, no maintenance and no feedback components are needed, also they
can be used for motion or position control .So that it is ideal for this system.

The system include four stepper motors each stepper motor controlled by four lines these
stepper motors are connected with microcontroller using opt couplers and Darlington

transistors the circuit is shown in Fig (4.5)
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R1

100

MG1
MOTOR STEPPER

3

ik

N

portl

3

5v

] |

100
R3 N
port2
100
R4 %
100

5
Q 4 R8
port3 !
e —V\V\/
150

Fig (4.5): Steppers motor interfacing circuit
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4.3.2 Coin Recognizer:
Consist of the following componengs.

-Four Photo Diodes.

-Four Photo Transistors.

circumference of the shekel, the last one away from them tq Iecognize the coin p
caces

bigger than the shekel the circuit jg shown in the f; gure 4.6,

5V

RES|STOR

PDO
PD3

R4
RESISTOR

R4
RESISTOR

g R
RESISTOR RESISTOR

it

(Fig 4.6): Coin Recognizer Circuit
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4.3.3 Switches:

The switches are used in the Project to seject betwe, |
ween

four different kinds of produycts the

input signals for the switches haye been takep fro
m po

Fig 4.7 shows the circuit of the S It F of the microcontro]jer

SV

]
R1
100K |
PFO SW1
;
2

\10/02\
SW SPST/SM

)

R

100K i

SW SPST/SMm

PF1

SW SPST/SM

R4

100K 1o 02

SW SPST/SM

PF3

' 5V
% R3
- g 100K &2&
5V

(Fig 4.7):Switches
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5.1 Overview

In Chapter Four: Hardware System -Design the

hardware gqy;
i : ; qUipments and the:
interconnections have been discussed In this cha their

. 0 : : ubroutines 5 i
functionality are going to be eXplained in the next sectiong S

The software functions include Writing a program to recognize money, seject d d
» SCIECt product an
to activate motors. §

5.2 Functional Requirement

The functional Requirements of the machine are:
- Recognizing a coin deposited by the user.

- Accepting the Choice of the user.

v ;Controlling the Motor

5.3 Non Functional Requirement

The non functional requirements of the machine are:
- PC Pentium 3

- Windows XP with HyperTerminal Program

-Serial Cable

- Assembler as3 1_sdcc

54 Algorithms

In this section the main parts of the program are going to be explained. These parts are

coin Iecognizer, switches and motors.

54.1 Coin Recognizer

i i heck will
Coin recognizer cdnsist of four photo diodes and four photo transistors ,sthe ¢ ;c o
fl art begin
Bepends op e shape of the shekel which represent by the code 08H the holjt:f dg
' ; rt or en
With engpe port d as input ,P0,P1,P2,P3 for coin recognizer and the fou
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switch the systerm will continue Checking the statyg of the eﬁd Switch i :
will check if the deposited cojp, is sheke] if «n : f'h and in each loop it

the switches is pressed, then it Will check if the pri :

switch if it is greater or equal to the deposited money it will enable the stepper motor

shown in the Fig 5.2.

5.4.3 Motor Controlling

The motors will be connected to the portaand b ,the port a and b wil] be enabled as
output port ,data will be written to the motor in the sequence 0x01,0x02,0x04,0x08 and it
will keep running until it will be stopped when the motor rotate 360 degree this is shown
in the Fig 5.3.
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Read port D
(The coin recognizer bits )

No

Input=shekel
0000 1000

Increment
number of shekel

End

(Fig 5.1): Coin Recognizer flow chart
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P ort e:oxol et

No
P ort e=0x02 yes
\\
No
yes

Port e=0x04 = TSN

NO NO :
es

Port e=0x08

Yes
v

A
z N

Yes
v

No
r Num.shek>=line4 :
FYVY

Increment more
Enable stepperl Money

Enable stepper 2 J

|

Enable stepper3

Yes

Enable stepper4 J

y .

2

d
= (Fig 5.2 ):Switches flow chart
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Give pulse to
coill of stepper

Give pulse to
coil2 of stepper

A

Give pulse to
coil3 of stepper

A

Give pulse to
coil4 of stepper

Number of
stepper motor -
turns = 360 deg.

(Fig 5.3):Stepper Motor flow chart
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Re_ad the input of the
€0in Recognize,

Check the i nput
=Isheke]

Read the selected
switch

Num.of shek=price
of the selcted product

Yes

Enable the stepper motor
for the selected product

End

(Fig 5.4): System Flow chart
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5.5 Software Code

.,:rg 0x8000 main definitiong Variabe|se ***********************
.equ contregl,0xf803

.equ contreg2,0xf903

.equ porta,0xf800

.equ portb,0xf801

.equ portc,0xf802

.equ portd,0xf900

.equ porte,0xf901

.equ portf,0x902

.equ linel,0x01
.equ line2,0x02
.equ line3,0x03
.equ line4,0x04

;*******************COde Segment***********************

mov r0,#0 ; Initialize the register r0

mov dptr,#contreg? {

mov a,#0x99 ;port D as input, port E output, port f input
movx @dptr,a

mov dptr,#portd

’*******************com TECOZNIZEr read™® * ## kkkkikk sk ok ok
read:

mov dptr,#portd ;read port d
l call delayswit
movx a,é,@dptr ;check if the end switch ison 0001 0000
mov r3,a :
anl a,#0x 10 ;jump to exist
jnz exit]
mov a,r3 |
ojne a#0x08,read ~ ;check if the input is shekel 0000 1000
Icall delayswit
Icall delayswit

. i shekels
s ;increment the number of
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mov dptr,#porte di '

mov a,r0 ~ Splay on leds the Value of the number of shekels
movx @dptr,a '

ljmp read

mov r3,#0 ;initialize r3
mov dptr,#portf
Icall delayswit
movx a,@dptr
Icall delayswit
mov r3,a

anl a,#0x01 s;if switch1 is on Jmp to swit]
jnz switl

mov a,r3

anl a,#0x02 ;if switch? is on Jjmp to swit2
jnzswit2

mov a,r3 v

anl a,#0x04 ;if switch3 is on Jmp to swit3
Jjnz swit3

mov a,r3

anl a,#0x08 ;if switch4 is on jmp to swit4
jnz swit4

limp exit] ;loop

;read the selected switch from portf

*******************ltem dehvery***********************

swit;
clrc ;clear carry :
mov a,r() ;move the number of shekels to register a Faan
subb a,#line] ;compare the number of shekels with linel if it is not
jeread ;greater or equal then jmp to read
mov dptr,#contreg] ;define port a ,b,c as outputs
mov a,#128
movx @dptr,a
mov dptr,#porta ; jmp to stepl
Icall step]

. Ljmp read

Swit2:

clr ¢ ;clear carry
umber of shekels to register a

:lll(l))\é ?ﬁinez :;lz)(;;x/;;rheetﬁe number of shekels c\iNlth linel if it not
jo read :greater or equal then jmp to rea

f ‘)iulv (41{.15.“ s '
\% AL\D ........ Jualaadl | 23,1

~1
o )

(D
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movV dptr,#porte
mov a,#0x80

movx @dptr,a
mov dptr,#contreg]
mov a,#128

movx @dptr,a

mov dptr,#porta
Icall step2

ljmp read

swit3:
clrc ;clear carry
mov a,rO- sMOVe the number of shekels to register a
subb a,#line3 >compare the number of shekels with line] if it is not

jc read »greater or equal then Jmp to read
mov dptr,#contreg]

mov a,#128
movx @dptr,a
mov dptr,#portc
Icall step]

ljmp read

read2:
Icall read

swit4:
clrc
mov a,r(
subb a,#line4
Jjeread2
mov dptr,#contreg]
mov a,#128
movx @dptr,a
mov dptr,#portb
Icall step
ljmp read

Stepl:;

mov r5 #(
write] :

mov a, #0x01
Movx @dptr,a
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Icall delay
Icall delay

mov a,#0x02
movx @dptr,a

Icall delay
Icall delay

mov a,#0x04
movx @dptr,a

Icall delay
Icall delay

mov a,#0x08
movx @dptr,a

Icall delay
Icall delay
inc r5

cjne r5,#50,write1

mov a,#0x01

movx @dptr,a
mov a,#0x00

movx @dptr,a

Ical] delay
Icall delay

ret

St€p2;
mov r5 #()
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write:
mov a,#0x10
movx @dptr,a

[call delay
Icall delay

mov a,#0x20
movx @dptr,a

Icall delay
Icall delay

" mov a,#0x40

movx @dptr,a

Icall delay
Icall delay

mov a,#0x80
movx @dptr,a

Icall delay
lcall delay
inc r5

cjne r5,#50,write
mov a,#0x10
movx @dptr,a

mov a,#0x00
movx @dptr,a

Ical] delay
Icall delay |

ret
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delay:
dly30: mov rl, #10 |

dly31:
nop

nop
djnz rl, dly31 s
el srépeat 230 tim

Jt r2, dly30 ;repeat for g - e
- pecified # of ms

delayswit:
dly2: mov rl, #230
dly3: nop
nop
nop
( ;3 NOPs + i
o s + DINZ
dj’nz ;21, gg; .;repeat 230 times ;f)r2 113155 -
dr ;repeat for specified # of ms
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6.1 Introduction

6.2 Hardware Implementation and Testi
ing

54




6.1 [ntroduction

This chapter discusses the steps we followed ¢ %

St out our deg; A
. : . gn, the Cl
subroutines we implement during developing thig project reuits and the

6.2 Hardware Implementation ang Testing

The system units is built and tested Separately, and in the following next subsecti
ions

these steps are going to be discussed.

6.2.1 Coin Recognizer:

The coin recognizer depends on the shape of the coins (shekel) in the process of

recognizing the coin , it consists of four photo diodes and four photo transistors, each

photo diode fixed in a way facing the other photo diode .

The figure 6.1 showhow the diodes and the transistors are fixed. The reading of the photo
transistors is 5V when the shekel passes it will cover three photo transistors so the

reading will be OV for three of them the forth will be 5V so on the system the binary code
of the shekel is 0001. if the coin is bigger or smaller than shekel the code will be different
so the system will not count it. The photo diodes and the photo transistors are fixed on a

wood peace which has a path entry suitable for the coin (shekel) .

(Fig 6.1): fixed photo diodes on
coins points
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6-2'2 LCD

The LCD is used in the system to display sentence

S Or commands fo
. _ :
the system it represents the interface between the the user how to use

user and the machin
ested by writing words on it | ; €, the LCD wag

The final program show on the LCD tpe command

(insert money) after :
AR that it shows ¢
number of shekels deposited in the machine (the 5 ws the

count),

6.2.3 Switches

6.2.4 Springs

The springs which is used to deliver the product to the user was used to arrange the candy
in stacks, it was made of metal connected to circuital head and to the motor each rotate

of the motor 360 degree will release one of the candy in the spring stack .

6.2.5 Stepper Motor
The motors were chosen to implement the vending machine were stepper motors which

oe very easy to use and control, the stepper motor used, provides enough torque which

has the ability to push the stack arranged in the spring stack.
The stepper motor was tested by connecting it with 26V and connecting the coil with the

PP] of the microcontroller and by providing pulses for each coil of the motor it will rotate

In each pulse 1.8 degree.

026 The cabinet Box
; ified in the chapter
The cabiney box was implemented with the dimensions and shape specified in p

: ith front of glass.
°fHardWare Design, it was constructed in aluminum shop with fi
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6.2.7 The Microcontroller

writing it on any text editor ejther by using t
it could be programmed using C language,

In the website of the 8051 microcontroler board there js many programs to tegt gy b
0 test the board

for example there is a program cajleq LEDs which is being used to test the g fth
s of the

microcontroller and the PPIs.
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7.1 Conclusions

7.2 Future Work
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7.1 Conclusions:

The main difficulty to implemeng this project was i, the mechanj .
especially the design of the Springs, Chanical design

because of not getting the Joaq cell we depeng only to the sy
€

to recognize the coin.

different aspects.

7.2 Future work

Because we haven’t found a sensor for sensing small weights the coin recognizer
unit has been implemented depending on the size of the coin deposited by using
photo diodes and photo transistor which is not so accurate way so we recommend
in the future to use both sensors of the size and the weight which will be very
accurate way to recognize the coins.

Adding cashless option for vending product of the vending machine by using the

cell phone.
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I<umnm§_3m:mcmcm__<_oomﬁmam:_w_._m "Accessories" group, which is available from "Programs" in the "Start"
menu. It is usually just a folder, which should m_uvmm_.mm:i_mlom@cﬂmm.

= =)

AT&T Mail  CompuServe  hticons.dll

i Hf_m-'
« &

rvumzqi.n___ Hypertrm MCl Mail

6. 00RE:.

—u
Windows Installation

ncluded In Default

The "Hypertrm" icon represents the H
dialog suggesting that you need to
modem, so select No from this dial

yperterminal program. When
install a modem, as shown in fi
og, if it appears.

Hyperterminal is first run, it will display a
gure 3. You do not actually need to install a

Figure 3: Hyperterminal, No, You Do Not Actually Need To Install

A Modem ‘
: TR
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Next, Hyperterminal will ask
what you name the connecti

Connection Description

you to provide a name for the new connection, as in figure 4. It does not matter
on. Hyperterminal may not allow certain names, such as "COM1:",

Page 4 of 13

Figure 4: Hyperterminal

(Whatever You Like)

(

/dev/ttyS

where the one closer to the top of the computer is
1in linux). Select the one where you connected the
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If you return to this menu and changetoad

Cancel

Figure 5: Hyperterminal, Choose The COM Port
Where The Board Is Connected

The last, and most important step is to confi
", and this is likely to cause problems. The 8051 deve

Control. The default setting is "Hardware", 4
can work at all standard baud rates, except 300 baud. Most people choose 115200 baud.

Some older PC computers, particularly those with 16450
115200 baud. Nearly all Pentium-class PCs can use 115200,

ifferent baud rate, be sure to turn off the board's power. The board

detects and remembers your baud rate setting, so it must be shut off (a warm boot will not do) when you change

the baud rate.
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Figure 6:

Hyperterminal, Port Settings, 57600 Baud, No

Flow Control. Turn The Board's Power Off When Changing
Baud Rates

After setting up the communication par.
on the board's power. If the board was

The 8051 development board walits for
selected. When you press Enter, the w

ameters, Hyperterminal will show it's main window, with nothing in it. Turn
already on, shut it off for several seconds and turn it back on.

you to press Enter, when it does not "know" what baud rate you have
elcome message should appear, as in Figure 7.
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|Program Hame

. Location
List 1000
Single-Step 1400
Memory Editor (wr100) 1800
Blink LEDs FOOO
Serial Port Mux Test F100
Erase 8k Flash Block FZ200
PAULMONZ Loc:2000 > _

Welcome to PAULMON2 vZ.1l, by Paul Stoffregen

See PAULMONZ.DOC, PAULMONZ . EQU and PAULMON?Z .HDE for more information.

Type
External command
External command
External command
Program
Program
Program

WFW, t 323 uto detec

e A e

Figure 7: Hyperterminal, P

Hyperterminal's File menu has a "Save As..." option which will allow
be copied to the desktop, so that you may easily run Hyperterminal

you to save the setting to a file. This file can
again with the settings to use your board.
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Downloading And Running A Program

To make use of the 8051 development board, you will need to be able to download and run your own programs.
This section demonstrates the steps to download and run programs using Hyperterminal. To follow these steps,
you will need the EX1 example program. This ZIP file contains the assembly language source, and three
compiled copies. This example uses the EX1_2.0BJ file. This file is 1406 bytes. This file is in the intel-hex
format, which is a ascii text file. If you view it in a text editor (notpad, wordpad, vi, emacs, etc), the first four lines

should appear like this:

: HONOOOOOHNOOAHwwowomonoowmqwmb.oo“_.woowmwmoq
:102010000040B4 0D028020F5F09020DFA3E493602F
3 Homowooomwwmm.om_mHNoowoqamowmmbm,mbmm.oowwmﬁ 6
5 HomouOOOMmmbwaomoqmooom&wbmoomwmoobmpmooUD

While the board is sitting at the PAULMON2 prompt, it is ready for you to begin a download of intel-hex data.
Older versions required you to press "D" to enter the download mode. This step still works, but it is not
necessary with version 2.1. To begin the download using Hyperterminal, select "Send Text File..." from the

"Transfer" menu, as shown in figure 8.

Send meﬁ _u__m

Figure 8: Downloading Example Code, Use "Send Text
File..."

The usual Windows file choosing dialog will appear. You will need to change the type to

"All files (*.*)" because
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the file is EX1_2.0BJ, and the default dialog only displays .TXT files. Of course, navigate to the directory where
the EX1_2.0BJ file is stored and select it, as shown in figure 9.

s

end Text _...=.m. .

|
' |[58] ex1_4.0bj
] ex1_8.0bj

Figure 9: Downloading Example Code, Choose File To Send

Once you've opened the file, Hyperterminal will begin sending it. A carrot "A" character will appear, which is in
indication from PAULMON?2 that is saw the colon ":" character that begins an intel-hex download. At
PAULMONZ2 receives each line of the file, it will print a dot to show the progress of the download. When the
transfer is finished, PAULMON2 will print a summary of the download, and it will alert you to any errors in the
reception of the data. After downloading EX1_2.0BJ, your Hyperterminal window should appear similar to figure

10.
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See PAULMONZ.DOC, PAULMONZ . EQU and PAULMONZ .HDR for more information.

Program Name ; Location Type
List 1000 External command
Single-sStep 1400 External command °
Memory Editor (VT100) 1800 External command
Blink LEDs FOOO Program
Serial Port Mux Test F100 Program
Erase 8k Flash Block F200 Program
|PAULMONZ Loc:2000 > >

Download completed

Summary:

33 lines received
505 bytes received
505 bytes written
|No errors detected

{FAULMONZ Loc:2000 >

Figure 10: Downloading Example Code, Check Download Summary

The intel hex data format encodes the address where the bytes are to be stored within its data stream. Most

PAULMONZ2 functions operate based in the "Loc:" address shown in the prompt, but the intel-hex download will
always place the data at the location specified in the file. Here is a detailed Q@,.WOJ.UQODIODMPQ’SHQWQ@%’QNNN
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format.

gin at location 0x2000. Some programs have a 64 byte header

In this example program, the data happens to be
em to be shown in the menus and run from the "run" command.

which is recognized by PAULMON2 and allow th
This example, however, does not have a header.

"Jump" command by pressing "J". PAULMON2 will ask you for the

To run the example without a header, use the
You can type 2000, as shown in figure 11, or just press enter if

address where it will jump to run the program.
the default is 2000.
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PAULMONZ Loc:2000 > Jump to memory location

Junp to memory location (2000), or ESC to guit: 2000

|running program:

I SHEENEEE i
HEHEHRT SR SRy

HHAAHHE S
| BESHES S

#H#
fizes
#i#
3
##
HE
##

#i#

f
TS
#H

Fat
A
AR

Fress any key_

#i
##
T
i
T
S
I

#i#

##
i
i
TE
#3
o
Ha

S
#iHHE
##  ##
##
#4  HE#
#1  HiH
#4  ##
$H
HHH
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development board.
evelop a large program and download times become

y. Ifyoud
ator program. Many Windows users have recomended the

Windows Tip: Hyperterminal sends data slowl
advanced features not found in Microsoft's Hyperterminal.

long, you may need to switch to a better terminal emul
free TeraTerm, which offers fast downloads and many

Linux Tip: Linux will allow another program to send data to the serial port, even while it is open and in
gram (minicom, seyon, etc). This can be handy for sending intel-hex

use by your terminal emulation pro
d in a terminal, such as ;
, SO to download new

 to the 8051 development board. Just type a comman
. I set my window manager to "focus follows cursor"
er (of course, if the

B34 #'cat exl 2.obj > /dev/ttys0o"
code, all that's needed is to sweep the mouse a couple inches and press up-arrow and Ent
command was previously typed once)... much faster than GUI menus and dialog boxes!

8051 Development S
http://iwww.pjrc.com/t

ystem Circuit Board, Paul Stoffregen
ech/8051/board4/first_use.htm|

Last updated: February 24, 2005

Status: finished

Suggestions, comments, criticisms: mailto:paul@pjrc.com
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Home MP3 Player 8051 Tools All Projects

\Il Projects PJRC Store Site Map
You are here: PJRC Store & 8051 Dev Board # LCD 16x2 Display

Search PJRC

pircstore  16X2 LCD for use with 8051 Development
* Full Product List Boa rd . .

& MP3 Player
& 8051 Dev Board
® Assembled Board
® LCD 20x2 Display
# LCD 16x2 Display
® Unassembled Kit

Update, May 19, 2001: The 16x2 LCD is no longer available. We now have a larger and brighter
20x2 LCD available. This 20x2 LCD is recommended for New proj

ects.
m Eﬂﬁ&in:& Parts ﬁmOE Out | DEV_DISPLAY_16X2 | Display For 8051 Development Board, 16x2 characters $10
* Payment Options
® Privacy Policy

This backlight display plugs directly into the 8051 deve

lopment board (rev 5). It displays 16 characters by 2
lines and uses a green backlight behind a transmissive LCD, to provide highly readable green characters
against a dark blue background.
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PJRC ..

Electronic Projects
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ponents Avalfable Worldwlide
Home MP3 Player 8051 Tools All Projects PJRC Store Site Map
You are here: 8051 Tools i Development Board & Old Versions & Rev 4 (2002) i Memory Map Search PJRC
rResore  Memory Map
« 8051 Dev Board, $79
= LCD 20x2 Display, $11 ; 3.0
e Serial OMEmWJKr Begin | End Code Data i Application
e 12 Volt Power, $8 -
e e 0000 | 1FFF | PAULMON2 | RAM | Program Variables Only
. : 2000 | 7FFF RAM Program Code Aam<m_ov3m.:¢ and Program Variables
8051 Tools .
8000 | F7FF Flash ROM Program Code and Data Logging
m% F800 | FEFF Peripherals LCD, I/0 Pins, Bus Expansion Connector
g i FFOO | FFFF Unused Reduces Power (P2 defaults to OxFF)

® Features

* Photos

* Getting Started

# Example Code

® Memory Map

® Ports & Pinouts

* Schematic & Parts
e Circuit Board

s Construction

B ._._.occ_mw_,_oom:m

¥ 0Old Versions
s Revision List

# Rev 4 (2002)
* Photos &
Features

s Getting
Started
* Example Code
2 Wlemory Wap

With SDCC, memory usage is controlled by command line options given to SDCC when it links the code.
These options are typically written in the project Makefile. For example, "--code-loc 0x2000" would cause the
linker to place your code at the beginning of the RAM which can be used for downloading code, and "--xram-loc

0x6000" would instruct the linker to place all your "xdata" variables beginning at 0x6000.

With AS31, your program's location is controlled by the ".org" directive within the code. Typically a ".equ"
directive defines a constant near the top of the code, and subsequent ".org" directives utilize this constant to

allow the code to be "moved" more easily.

ash chip ('Z' Command) or a 4k sector of the fl 2 /
to turn back into OxFF. If you download a new version of your program "on fop of the
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¢ Ports &
Pinouts

¢ Schematic &
Parts

e Circuit Board

e Construction
o

Troubleshooting

m,m@.\.,ﬁw‘oo:
# Rev 2 (1997)
¥ Rev 1 (1992)
&# Code Library
# 89C2051 Programmer
& Other Resources

Page 2 of 3

original, the result is usually incorrect and PAULMON2 will print an "Unable to write"

:muvm:m.mmau:\mﬁmmmﬁsm:mmrqoam:a try again (or use the RAM for development
debugged).

error message. If this
until your code is

Peripheral Mapping

Begin | End Peripheral Address | Access Function

F800 RD/WR | Port A
F801 RD /WR | Port B

F800 | FS8FF 82C55 (A, B, C)
F802 RD /WR | Port C
F803 WR Only | Config A,B.C
F900 RD /WR | Port D
. F901 RD /WR | Port E (LEDs)
F900 | FOFF 82C55 (D, E, F)

F902 RD/WR | Port F

F903 WR Only | Config D,E.F

User Expansion
FAOO | FAFF CS2 Signal Asserted Low User Defined
User Expansion :
FBOO | FBFF CS3 Signal Asserted Low User Defined
User Expansion .
FCO0 | FCFF CS4 Signal Asserted Low User Defined

Cmm«mx_umzmmoz -
,MUOO _u_U_u_u CS5 Signal Asserted Low User Defined N

\\ \\ =y

=
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FEOQO WR Only || Command Register
FEO1 RD Only | Status Register
FEOO | FEFF LCD Port
FEO2 WR Only
Display or CGRAM Buffer
FEO3 RD Only
ystem Circuit Board, Paul mﬁomq.mmms
ard4/memory_map.html

8051 Development S
http://www.pjrc.com/tech/8051/bo
Last updated: February 24, 2005

Status: finished
Suggestions, comments, criticisms: mailto:paul@pijrc.com
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8051 Tools All Projects

PJRC Store
e 8051 Dev Board, $79

v a4,

e LCD 20x2 Display, $11
« Serial Cable, $5
e 12 VoIt Power, $8

e« More Components...

8051 Tools

* Main Page
& Software
# PAULMON Monitor
* Development Board
® Features
¢ Photos
® Getting Started
# Example Code
e | ED Blink, C
¢ | ED Blink, Asm
* Demo Programs

# Auto Startup
® LCD Display

®* Timers
®* 82C55 1/0
s Keil C51

s More Code...

* Memory Map

* Ports & Pinouts

* Schematic & Parts
= Circuit Board
= Construction

WY roubleshooting

Automatic Start-Up Of Your Application

Eventually, you will want to make your own application run automatically when you boot the board, instead of

PAULMON2's menus. To accomplish this, you must do two things:

1. Compile your application for the flash rom.
2. Download the autostart code from this page.

When you reboot the board, the autostart code will run automatically. It will configure the baud rate, set up the
0 your code. The board will be permanently dedicated to run your application,

interrupt vectors, and then jump t
unless you use the flash erase jumper to restore it to the original, erased condition.

Default Settings: Code at 0x8000, Baud Rate is 115200

Bits/sec

If the default settings are ok, then you can use the autostart example code without any modification. Just
download the autostart.hex file (zip format).

(the last 512 bytes of the flash), so your application

This code resides in the memory from 0xF600 to OxF7FF
e is available if you need that memory, or the default

must not use that memory. Of course, the full source cod
settings are not correct for your application.

Configuring Your Code's Build Location

\f you are using SDCC, just change the --code-loc parameter in the Makefile, so that your application is built to
reside entirely inside the flash rom, and rebuild the code (often times "make clean"” or deleting the _hex file js
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# 0ld Versions needed). Usually 0x8000 is the best choice, so that your code begins at the beginning of the flash rom and has
# Code Library the maximum amount of space available. It should look like this:
& 89C2051 Programmer
¥ Other Resources --code-loc 0x8000

If you are using AS31, you will need to place a ".org" directive at the beginning of your code. For example:

.org 0x8000

Before downloading the autostart.hex file, try using PAULMON2's "J" (Jump) command to jump to your code at
0x8000. If that works and you are ready to permanently dedicate the board to automatically running your
application, then you are ready to download the autostart.hex file.

Erasing The Flash

After you have downloaded this "autostart.hex" file, your board will be permanently dedicated to running your
own application code and PAULMON?2's interactive menus will no longer be available.

Figure 1: Once you've downloaded AUTOSTART.HEX, this FLASH ERASE
jumper is the only way to return to PAULMON2's interactive menus.

Customizing Baud Rate Setup

When you boot the board ., a portion of the autostart code inserts some bytes into memory to configure the b=is/o
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rate that PAULMONZ2 will use to initialize the serial port. Several common baud rates are defined in the code,
SO you can simply uncomment one if your baud rate in listed:

.equ baud const, 255 7115200 baud w/ 22.1182 MHz
;.equ baud const, 254 757600 baud w/ 22.1182 MHz
; .equ baud const, 253 738400 baud w/ 22.1182 MHz
;.equ  baud const, 250 #19200 baud w/ 22.1182 MHz
; .equ baud_const, 244 79600 baud w/ 22.1182 MHz

If you need a different baud rate, you must compute the value for "baud_const", using this formula:

baud_const = 256 - (115200 / baud_rate)

Customizing Application Startup

The default setting is to configured for your application code to begin at 0x8000, which is the beginning of the
flash memory. The autostart code is located from OxF600 to OXF7FF, the end of the flash memory. However, it

is easy to change these by editing constants in the code:

; Set this to the location where your application code begins.
2 WA ERSDEE, " Ehis, is the value you used for ——code-loc
; With AS31, this ‘is the .0rg locations where your code was built

.equ application, 0x8000

;/ set this to where you'd like these two auto-startup routines

to be placed in the flash. Normally 0xF600 is a good choice,

s toiplaces thils ot the. end of the flash (where it is least likely

;7 to conflict with the Space for your application).

.equ location, 0xF600
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ptable, you could modify the code to instead
pts and you want to avoid writing

vV L asvveuplacut Oy sSell UIrcuIt soard
using interru

pt latency is not acce

For example, if the additional LJMP interru
copy your interrupt handler to the RAM. Or perhaps you are not
se you could simply delete that secti

o}
to the RAM during a reboot, in which ca
Download The Autostart Code

default settings.
ts.

on.

e autostart.hex - Ready to use HEX file with
e autostart.asm - Source code with commen

° mc.ﬂomﬂmnNﬁ - ZIP archive with both of these.

egen

8051 Development System Circuit Board, Paul Stoffr
ech/8051/board5/autostart.htmi

:zbn\\g.b\ﬁo.ooﬁ:\ﬁ
Last updated: February 24, 2005
Status: finished

Suggestions, comments, criticisms: mailto:paul@pjrc.com



Page 1 of 4

VYo L vUUpLLICHIL O Y SIEHL UITCULT Board

Home

Shipping Cost ¢« Download Website

Electronic Projects .
mponents Avallable Worldwide Shopping Cart « Checkout
MP3 Player 8051 Tools All Projects PJRC Store Site Map
Search PJRC

You are here: 8051 Tools Development Board & Old Versions i Rev 4 (2002) # Ports & Pinouts

PJRC Store
¢ 8051 Dev Board, $79

e LCD 20x2 Display, $11

¢ Serial Cable, $5
e 12 VoIt Power, $8
¢ More Components...

8051 Tools

® Main Page
& Software
# PAULMON Monitor
* Development Board
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LCD Port

I/0 Lines

The 8051 development board provides 50 dedicated 1/0 lines, which are accessible along the top edge of the
board's prototype construction area. Together with the 50 1/0 lines, 4 pads provide €asy access to the regulated
+5 volt power from the board's voltage regulator,

SegsdaEIAnEEIIYT29
QOO0 66560RB00aHNOGE

nected directly to the 87C52's port #1. These
, and they are read using

pins are the easiest to use as single
"MOV C,

en using "CLR P1.4" or "SETB P1.4"
h #include <8051.h>), they are accessed

The P1.0 through P1.7 are con

bits. In assembly, they are writt
the carry bit). In C (using SDCC, wit
The 8051 port pins are

P1.4" (moves the bit value into
using names such as "P1_4". For example: if ¢ YPL-.3). Jprint Slrndn Dl s diediountah . / ;
Quasi-bidirectional, which essentially means that you must write a 1 (which is the default) to the pir 1o corrce 7F fr
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& Ports & act as an input.
Pinouts

° Schematic&  Sjgnals INTO and INT1 connect to the 87C52's two interrupt pins. The 87C52 can be configured to execute and
Parts interrupt routine associated with each pin when it is low or when a falling edge occurs. In the low level sensitive

¢ Circuit Board setting, the interrupt service code usuall

® Construction : A ’ :
o low, so that another interrupt does not Immediately occur when the interrupt service code returns to the main
Troubleshooting  program. If interrupt are not enabled, these pins can be accessed as ordinary P3.2 and P3.3 port pins. INT1 is
mm.?wmmm&v also connected to the SINGLE STEP jumper and will be shorted to ground if that jumper is installed.
#H Rev
mCodelibary 7 PA.0to PAZ, PB.0 to PE.7 and PE.0 fo PC.7 are connected to a 82C55 chip mapped at 0xF800. PD.0 to PD.7
>roc and PF.0 to PF.7 are connected to a second 82C55 chip mapped at 0xF900, and they correspond to ports A and

# 89C2051 Programmer

& Other Resources C on that second chip, but that second chips ports are labeled D, E, and F to avoid confusion with the ports from

the first 82C55 chip (port E connects to the 8 LEDs). Each 82C55 chip i

locations, one to read or write each 8-bit 4

map page for details. The 82C55 must first
three locations which access the ports may be used.

Jumpers

‘During normal operation, this does not erase the flash. When PAULMON2 boots, it reads this pin and if
. secutive reads, the PAULMON2 will erase the flash rom chip. Normally the flash
rom is erased from the PAULMON? menu using the 'Z' command. However, if you have loaded a program into
the flash rom and used and "auto-start” header on it, PAULMON2 will jump to your code instead of presenting

the normal menus on the serial port. If your code does
get to the normal PAULMON?2 menus and this pin will allow you to erase the chip you can can return to the

menus and download a new version of your program.

The SINGLE STEP jumper shorts the INT1 interrupt pin to ground. This is required to use U>Ch§02N,m single-
step feature. The single-step operates by enabling interrupt #1 and using the 8051's feature where 1 instruction
is always executed after and interrupt. This can be a nice way to "see" your code run, _particularly if you are
\earning assembly. Due to the interrupt usage, it is rarely useful for debugging sophisticated applications.
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act as an input.

Signals INTO and INT1 connect to the 87C52's two interrupt pins. The 87C52 can be configured to execute and
interrupt routine associated with each pin when it is low or when a falling edge occurs. In the low level sensitive
setting, the interrupt service code usually takes some action which causes the hardware to stop driving the pin
low, so that another interrupt does not immediately occur when the interrupt service code returns to the main
program. If interrupt are not enabled, these pins can be accessed as ordinary P3.2 and P3.3 port pins. INT1 is
also connected to the SINGLE STEP jumper and will be shorted to ground if that jumper is installed.

PA.0 to PA.7, PB.0 to PB.7, and PC.0 to PC.7 are connected to a 82C5
and PF.0 to PF.7 are connected to a second 82C55 chip mapped at 0xF900,

C on that second chip, but that second chips ports are labeled BE
ects to the 8 LEDs). Each 82C55 chip is controlled with 4 memory mapped

the first 82C55 chip (port E conn
ach 8-bit port, and a 4th register to configure the 82C55 chip. See the memory

locations, one to read or write e
map page for details. The 82C55 must first be configured by writing a byte to its config register, and then the

three locations which access the ports may be used.

During normal operation, this does not erase the flash. When PAULMON2 boots, it reads this pin and if
secutive reads, the PAULMON2 will erase the flash rom chip. Normally the flash
rom is erased from the PAULMON? menu using the 'Z' command. However, if you have loaded a program into
the flash rom and used and "auto-start" header on it, PAULMON2 wili jump to your code instead of presenting
the normal menus on the serial port. If your code does not return back to the monitor, then you will be unable to
get to the normal PAULMON2 menus and this pin will allow you to erase the chip you can can return to the
menus and download a new version of your program.

terrupt pin to ground. This is required to use PAULMONZ2's single-

step feature. The single-step operates by enabling interrupt #1 and using the 8051's feature where 71 instruction
an be a nice way to "see"” your code run, particularly if you are

is always executed after and interrupt. This c r n, / /
\earning assembly. Due to the interrupt usage, it is rarely useful for debugging sophisticated applicatiorns.

The SINGLE STEP jumper shorts the INT1 in
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Bus Expansion Signals

{The WR and RD signals are active low strobes for write and read. WR is connected directly to the
g2 SLAE87C52's WR pin, but RD is connected to the 74AC08 AND gate. RD is asserted low with either the
RO @ 87C52's PSEN or RD signal is asserted. This means that either MOVX or MOVC may be used to
Lereiisadread your connected peripheral chips. Some peripheral chips call their read pin OE (output enable).
Sitiens 8 Typically, the RD pin can connect directly to the peripheral's OE pin.

The board requires approximately
on the serial port. Each LED adds a

with a backlight is used,
considerable current. The 16x2 LCD JRC uses approximately 250 mA for its backlight. \bQQ\&.o:m.\ current
also causes the 7805 to heat up, so the board should not be run with more than 12 volts if a LCD backlight is
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8051 Development System Circuit Board, Paul Stoffregen
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Last updated: February 24, 2005

Status: finished
Suggestions, comments, criticisms: mailto:paul@pijrc.com
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mRestore 8051 Software Tools Overview

e 8051 Dev Board, $79

* LCD 20x2 Display, $11 To develop your 8051-based project, you will need

x2 Dis three PC-based programs, and a am<m_o_o_3m3 board with a

e Serial Cable, $5 monitor ROM. Here is the typical data flow using these tools:
e 12 VoIt Power, $8
» More Components...

e
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= [P[Cor ASM File]
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8051 Tools
® Main Page

& Software
# Overview
* Linux AS31/SDCC
= Windows
AS31/SDCC
® AS31 Manual
s AS31 Inst. List
¢ Old AS31
# PAULMON Monitor : ;
# Development Board For each tool, there you may choose on of several options. The basic tools are:
& Code Libra
_Code Library

# 89C2051 Programmer
# Other Resources 1. Text Editor
This is where you will compose the code that ultimately will run on your 8051 board and make you

xt editor, and there are many free text

project function. All PC operating systems include a te
editors available on the internet. PJRC does not provide a text editor. All Microsoft Windows

systems have NOTEPAD, which is a very simple editor. Linux systems usually have VI and
EMACS installed, as well as several others.

2. Compiler or Assembler ) §
Your source code will be turned into a .HEX file by either an Assembler or Compiler, depending
on your choice of programming language. PURC provides free downloads of the AS37 assermbl/er

I

A,;-

g |{|||l!|||

HEX File

|

I
Iy

Ooﬁw:ﬁ . Terminal . Monitor . Your

o

Text E
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3. Terminal Emulator
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piler. These free tools are available for Linux-based Systems and Microsoft
possible to use other compilers, such as the Keil C compiler.

and SDCC C Com
Windows. It is also

To communicate with your 8051 board, you must run a terminal emulator program. You will be
able to transmit your .HEX file to the board and run its code, observe its results and information it
may send to the serial port, and you can also use the terminal emulator to examine and
manipulate memory with the Monitor ROM. Microsoft provides HyperTerminal with windows
(often it must be installed from the windows cdrom using "add/remove programs"). Linux

distributions usually provide minicom.

4. Monitor ROM
your board boots. It provides interactive menus

The Monitor ROM is 8051 code that runs when
that allow you to download code, run it, manipulate memory and perform other functions. All 8051

development boards from PJRC come with PAULMON?2 loaded in the non-erasable internal
memory of the 87C52 chip. Using the monitor, you can cause your code to run on the board. It is
also possible to download your code to non-volatile memory on the board together with a "auto-
start header" that causes PAULMONZ2 to run your code automatically when the board boots.

8051 Software Tools Overview, Paul Stoffregen
http://www.pjrc.com/tech/8051/tools/in dex.html

Last updated: February 24, 2005

Suggestions, comments, criticisms?? mailto:paul@pjrc.com
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Example Code To Use The LCD Display

PJRC Store

s 8051 Dev Board, $79
« LCD 20x2 Display, $11
s Serial Cable, $5

e 12 VoIt Power, $8

e More Components...

8051 Tools

¢ Main Page
& Software
% PAULMON Monitor
# Development Board
® Features .
s Photos Fig
s Getting Started
» Example Code
¢ | FD Blink, C
s | ED Blink, Asm
* Demo Programs

* Auto Startup -

L R Sl o

Running C code with

St

¥ NS AR
printf() to the 20x2 LCD

ure 1:

Here are several examples of how to use the LCD port with any standard character LCD.

e C Code Example, Including PRINTF to the LCD. This SDCC-based LCD demo code includes a

w.._%:_um_w_% 2y collection of "driver" functions to access the LCD, and an example of using a custom putchar() to route
s 82C55 I/0 printf output to either the LCD or serial port so you can use printf's nice number and string formatting
¢ Keil C51 features on the LCD. The included "lcd_driver.c" and "lcd_driver.h" files are intended to easily "drop into"
¢ More Code... your project, and both C-based (easy to understand) and optimized assembly (faster) versions of the
* Memory Map driver are provided.

s Poris & Pinouts
s Schematic & Paris

= Circuit Board
=« Construction

| Yroubleshooting

e Assembly Language Example with Simple Routines (also as a ZIP File) - A simple program that echos
whatever you type onto the display. Includes assembly routines to print a character, print a string, move

cursor to X/Y position, clear screen, etc.
= Free C Code From Craig Hadady - C code to copy whatever you type to the display. Includes support for
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scrolling.

How To Access The LCD Registers
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This section describes how to directly access the LCD registers. It is not difficult, but if you only want to print
normal text to the LCD, using the example code above is the easiest approach. However, if you have special
needs, or you want to understand how the example code works, or you want to write your own driver for the

LCD, then this section is for you.

The LCD is accessed using four memory mapped registers. Here are definitions to use in your code:

Assembly Language (AS31)

.equ HOQIOOBEmDQISH~ OxFEOO volatile xdata
.equ lcd_status rd, OxFEO1 volatile xdata
.equ lcd_data_wr, OxFE02 volatile xdata
.equ lcd _data_rd, OxFEO03 volatile xdata

at
at
at
at

Status Register and Busy Check

Before writing to the LCD, you must wait for it to be available to receive data. Usually,
there are times when it is performing internal operations and you must wait.

To check if the LCD is busy, simply read the lcd_status_rd register and check the most significant bit. If this bit
is 1, the LCD is busy and you must wait to write. If it is a 0, then the LCD is ready.

C Language (SDCC)

OxFEOO unsigned char lcd_command wr;

unsigned char lcd_status_rd;
unsigned char lcd_data_wr;
unsigned char lcd data rd;

it will not be busy, but

Assembly Language (AS31) C Language (SDCC)
e e B M@mwmvwwoalmwmwcwiwa while (lcd status rd & 0x80)

b ace, T, lod wt ; /* do nothing */
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The lower 7 bits of the status register return the current address pointer. Normally, your code would set that
address and "know" what it is by how many characters have been written, so the address read feature is rarely

needed or used.

Commands For The LCD

Once the LCD is not busy, you can give it a command by simply writing a byte to the command register. There
are many commands available. All commands are a single byte requiring only one write operation.

_ Command || Function

i

[0x01 _|[Clear display

=

[0x02 ~ |[Move cursor to home position

,

0x04 - 0x07

Set entry mode
bit 0: 1 = Display is shifted, 0 = Not shifted

bit 1: 1 = Cursor movement increases, 0 = Cursor movement decreases

0x08 - OxOF

Set Display, Cursor, Blink On/Off
bit 0: 1 = Blinking On, 0 = Blinking Off
bit 1: 1 = Cursor On, 0 = Cursor Off
bit 2: 1 = Display On, 0 = Display Off

0x10 - Ox1F

Set Shift mode
bit 0: (unused)
bit 1: (unused)
bit 2: 1 = Right shift, 0 = Left shift
bit 3: 1 = Display shift, 0 = Cursor move

0x20 - Ox3F

Configure Display and Interface
bit 0: (unused)
bit 1: (unused)
bit 2: 1 = 5x10 pixel chars, 0 = 5x7 pixel chars
bit 3: 1 = 2 line display, 0 = 1 line display
bit 4: 1 = 8 bit interface, 0 = 4 bit interface

Wx&o - OX7F

Set Character Generator RAM address
bits 0-6: address in character generator RAM

/O’XWO - OxXFF

Set Display Buffer RAM address
bits 0-7: address in display buffer RAM
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When first initializing the LCD, you would write the 0x38 command first. This configures the interface for 8 bits,
enables both lines, and sets the font to 5x7 pixels which is the correct size for most LCDs (if you have a rare

5x10 pixel LCD, you would change this to 0x3C.
Normally, the command 0x0C is written to turn on the LCD and disable showing a cursor. However, if a solid or
blinking cursor is desired, one of the two lower bits may be set. :

Then, the shift mode command is sent, usually to 0x10, to disable shifting the display and instead simply

moving the cursor. This makes the LCD operate in a manner similar to a computer screen, where the
characters stay where you put them and the cursor moves forward. However, you can turn on the shift mode to

make the LCD act like a reader board, where your characters always appear at the same place and the whole

display shifts every time you write a character.

Before writing to the display memory, the command to set the address in the memory is usually sent. On most
2 line LCDs, address 0x00 (command 0x80) set the cursor to the beginning of the first line, and address 0x40

(command 0xCO) sets the address to the beginning of the second line.

Writing to the Display

Once the LCD is initialized, you make it display text by simply writing to the lcd_data_wr register. The position
where the character will appear depends on the current address, which you set with Set Display Buffer RAM
address command. Remember that there are 128 possible addresses, but only 40 of them will correspond to
on-screen display on a 20x2 LCD.

Writing bytes 0x20 to 0x7D will display ASCII characters. Many LCDs render arrows for 0x7E and 0x7F, and a
variety of other symbols and characters from 0x80 to OxFF. Bytes 0x00 to OxOF will render user defined

characters.
play address will be incremented or decremented, depending on the

Each time you write to Icd_data_wr, the dis
shift mode.
It is also possible to read the contents of the display buffer RAM, though this is rarely done.

Creating Your Own Custom Characters
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By sending the Set Character Generator RAM address, you can access a small RAM used to load custom
characters. All writes to Icd_data_wr will write into the custom character RAM rather than the display buffer

RAM, so you will need to issue the Set Display Buffer RAM address after you have finished loading your

custom characters.
In 7x5 pixel mode, eight custom characters can be stored. Each takes 8 bytes of memory, where only the lower

5 bits are used and the 8th byte is unused.

After loading your custom characters, you can cause :‘_mi to display by writing bytes 0x00 to 0x07.

More Information

The Hitachi HD44780 Datasheet is a complete reference for the operation of the controller chip on most

character mode LCDs.
LCDs with this controller chip, or compatible chips from other manufacturers, are very common. Here are links
to other excellent pages with information about using the controller chip:

e lan Harries HD44780-Based LCD Modules
e Peter Ouwehand's How to control a HD44780-based Character-L.CD

If you know of other sites that should be on this list, please contact me.

8051 Development System Circuit Board, Paul Stoffregen
:nn“\\<<<<<<.E.S.ooq:\ﬁmo:\mom\_\Uomam\_oalmxmgc_m.ZB_
Last updated: February 24, 2005

Status: work in progress, more info to come
Suggestions, comments, criticisms: mailto:paul@pirc.com
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PJRC Store
e 8051 Dev Board, $79

e LCD 20x2 Display, $11
« Serial Cable, $5
e 12 Volt Power, $8

¢ More Components...

8051 Tools

e Main Page

& Software

¥ PAULMON Monitor

# Development Board
» Features _

® Photos
» Getting Started
& Example Code
¢ | FD Blink, C
s | ED Blink, Asm
* Demo Programs
» Auto Startup
¢ LCD Display
+ Timers
# 82C55 1/0
s Keil C51
= More Code...
s Memory Map

* Ports & Pinouts
s Schematic & Parts

s Circuit Board
= Construction
| Troubleshooting

Using the 82C55 I/0 Chips

Most of the I/O lines on .:._m 8051 development board are provided by two 82C55 programmable peripherial 1/0O

chips. This page provides detailed instructions and examples for using these 1/0 chips in your application.
the simple LED blink examples should be read.

mm.ﬂoﬁm reading these examples,

—u
and 8 LEDs

Amm_:._.m 1: 4<<o mmOmm Chips Provide Ao,_.\n.u.. Lines
The chips shown in figure 1 are NEC UPD71055L. Despite the strange part number, these are NEC's version
of the 82C55 chip. They are labeled D71055L on the top of each chip.

Memory Mapped Peripheral Access
you must access them using certain

Both 82C55 chips are external memory mapped peripherals. This means
p has byte-wide registers that you access. These

memory locations using the MOVX instruction. Each chi
definitions allow your code to access the 82C55 chips.
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Assembly Language (AS31)

e e .equ port_a, 0xF800
.equ port_b, 0xF801
.equ port_c, 0xF802
.equ port_abc_pgm, O0xF803
.equ port_d, 0xF900
.equ port_e, O0xF901
.equ port f, O0xF902
.equ port _def pgm, 0xF903

volatile
volatile
volatile
volatile
volatile
volatile
volatile
volatile

xdata
xdata
xdata
xdata
xdata
xdata
xdata
xdata

at
at
at
at
at
at
at
at
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C Language (SDCC)

OxF800 unsigned
O0xF801 unsigned
0xF802 unsigned
0xF803 unsigned
0xF900 unsigned
0xF901 unsigned
O0xF902 unsigned
0xF903 unsigned

char p82c55_port_a;
char p82c55_port_b;
char p82c55_port c;
char p82c55_abc_config;
char p82c55 port_d;
char p82c55_port e;
char p82c55 port f;
char p82c55_def config;

Since the 82C55 chips are connected to the exteral memory bus, they must be accessed using the MOVX
instruction. The MOVX instruction always uses DPTR to specify the memory location, and data is always
ple of how the 82C55 registers are accessed using

transfered to/from the accumulator. Here is an exam

assembly language:

do_some_io:

mov dptr, #port a
mov a, #0xA2

movx @dptr, a

mov dptr, #port b
movx a, @dptr

ret

;Write OxA2 to Port A

;Read Port B into the accumulator

When programming in C, the compiler takes care of handling the registers, so all you need to do is read the
82C55 registers as if they were ordinary global variables. Here is a simple example, equivilant to the assembly
code above (the compile may generate slightly different assembly code):

unsigned char do_some io(void)
{
p82c55 port_a = 0xA2;
return (p82c55_port b);

/* Write OxA2 to Port A */
/* Read Port B and return it */

Using SDCC, the variable declaration gives the compiler all the information it needed to "know" how to access
the 82C55 chip. The "volatile" keyword tells the compiler's optimizer to always access the chip as shown. The
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"xdata" keyword tells the compiler that the access is the external data bus. The special syntax "at OxF800" tells
the compiler that the variable is located in memory at 0xF800 (by default, the linker would choose a location).
And, of course, the variable is an unsigned char, so it will be accessed as a single byte. The 8 definitions above

will simply work with the 82C55 chips, but understanding the definitions is necessary if you need to create them
for additional custom hardware.

Simple Input/Output (Mode 0) Configuration

Before you can access the 6 registers corresponding to the 1/0 pins, you must configure the 82C55 chips.

Luckily, all you need to do to configure each chip is write a single byte to its configuration register. Here is a
table with all of the commonly used configuration bytes:

Ooq._mm:-.m:oz Byte | PortA | PortB | PortC | PortC
Decimal Hex | Bits 7:0 | Bits 7:0 | Bits 7:4 | Bits 3:0
128 0x80 Output | Output | Output Ocﬁvcﬁ
129 oxm\__ Output | Output | Output Input
136 0x88 Output | Output | Input Output
137 0x89 Output | Output | Input Input
130 0x82 Output | Input Output | Output
15 0x83 Output | Input Output [ Input
138 Ox8A Output | Input Input Output
139 0x8B Output Input Input ‘ Input
144 0x90 Input Output | Output \ Output \
1 / /
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145 0x91 Input Output | Output Input
1562 0x98 Input Output | Input Output
153 0x99 ‘ Input Output | Input Input
146 0x92 Input Input Output Output
147 0x93 Input Input Output Input
154 Ox9A Input Input Input Output
155 0x9B Input Input Input Input

Each chip requires its own configuration byte, so the process for configuring ports D, E (leds) and F is the
same.

When the system is reset, the 82C55 chips default to all inputs (configuration byte 0x9B). When configuring the
82C55 chips immediately following a system reset, a delay should be added. The reset signal is generated by a
resistor and capacitor, and as the voltage falls, the 8051 will often begin executing code before the 82C55 reset
pin detects the voltage change (it tends to "see" the high to low transition at a lower voltage). So a simple
software delay before configuring the 82C55 chip should be used to allow time for the 82C55 to begin
operating. The 82C55 will ignore the write to its configuration register if it is still in reset mode.

Once you have written the configuration byte, the three ports may be accessed simply by reading or writing
their registers. Port C (or port E on the second 82C55 chip) may be configured where half of the pins are input
and the other half output. In that case, 82C55 chip ignores the unneeded 4 bytes when you write to port C, and
when you read port C, the undefined 4 bits should be ignored.

You may change the 82C55 configuration at any time by writing a new configuration byte. Doing this effectively
resets the 82C55 chip. All pins defined as outputs by the new configuration byte are cleared to zero. This

should be considered when designing hardware that interfaces to 82C55 pins in an applicaton where the

configuration will be changed, rather than simply programmed once at startup. The output pins default to low
immediately after the configuration byte is written to the 82C55.
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TODO: explain the complex modes

TODO: single bit writes to port C

TODO: example code (any suggestions ??)

Using the 82C55 1/O Chips, Paul Stoffregen
http://www.pjrc.com/tech/8051 \Uomam\mmomm html

Last updated: February 24, 2005
Status: finished
Suggestions, comments, criticisms: mailto:paul@pirc.com




Page 1 of 6

upaiy Add 1, dULL dlld UINU IVIAKE WINaows Binary rackage

v . m "W Electronic Projects X e ;
, , | Q& Components Avallable Worldwlide Shopping Cart « Checkout « Shipping Cost ¢ Download Website
MP3 Player 8051 Tools All Projects PJRC Store Site Map
Search PJRC

Home
You are here: 8051 Tools # Software & Windows AS31/SDCC

PIRcstore  AS31, SDCC and GNU Make For Windows
¢ 8051 Dev Board, $79 m<m .—...m i < . .

s LCD 20x2 Display, $11

= Serial Cable, $5
e Download SDCC C Compiler and AS31 Assembler and GNU Make Win32 Binaries (1.1M download)

e 12 VoIt Power, $8
e More Components...

Step 1: Old Version of Windows 95

he required libraries. Skip

8051 Tools
® Main Page Windows 98, Me, NT, 2000, and Windows 95 OSR 2 and later versions come with t
# Software . . . : :
e DUaNTaw this step if you are using any of these versions of Windows.
e Linux AS31/SDCC
# Windows Very old versions of Windows 95, such as the one Microsoft actually shipped in 1995, lack the required C
AS31/SDCC runtime libraries to run this program. If you have this old version, in all likelihood some other software you've
3 »WWKAA.?@D@ installed has already updated your libraries. If not, you will need to install the Windows Library Update service
o nst. List g . y " . " :
e Old AS31 pack (link to Microsoft's download page... scroll down to the "Service Packs section). :
# PAULMON Monitor ;
These programs will not run on 16 bit platforms (Windows 3.11, MSDOS 6.x, etc).

# Development Board
& Code Library

i e Step 2: Unpack The ZIP File

#® Other Resources
Use your favorite ZIP extraction program (probably WinZip) to uncompress the ZIP file. The ZIP file contains
several nested subdirectories, which must remain in the proper relative order for SDCC to function properly.
subdirectory, so that

AS31 and Make do not require any support files, but they are included in SDCC's "BIN"
they will be able to run with the PATH command in step 4.
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Step 3: Move To C:\SDCC

It is recommended to move the SDCC directory created by the ZIP extraction to C:\\SDCC. This step is needed
because SDCC will search for its C library include files in \SDCC\SHARE\SDCC\INCLUDE and library object

code in \SDCC\SHARE\SDCC\LIB. It is possible to pass command line options to SDCC to tell it where to find
its library files, but installing it in C:\SDCC is much simpler.

This image shows the SDCC directory moved to the recommended location.
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. | P as31.exe 30KB  Application 8/18/01 9:35 PM
£-&3 3% Floppy (&) [ aslink.exe 29KB  Application 8/18/01 9:34 PM
B (C) e [ asx8051.exe 59KB  Application 8/18/01 9:34 PM

. @3 Acrobat3 Fmake.exe 122KB  Application 8/18/01 9:36 PM
el Wumox._:x.mxw 7KB  Application - B/18/01 9:34 PM
NP sdcc.exe 356KB  Application 8/18/01 9:34 PM
{ mwnouu.mxm . 95KB Puu_mnmzo: 8718701 9:34 PM

E-E3 share
B3 sdece
E-E3 include
" _M..g.mm_d
; {3 default

L7 large
{23 large_c
L2 small
&3 small_c

Sic

F-{3 Windows
-8 (02 ¢
{8 Control Panel
~{&) Printers

& Scheduled Tasks

fprn ]

e 1: SDCC Installed
"LIB" in these locations.

xpects to find "INCLUDE" and

Step 4: Set up MS-DOS Prompt Shortcut with correct PATH
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AS31, SDCC and Make are command line text-only applications, which are usually run from a "MS-DOS
Prompt" window. To run these, you should create a copy of the MS-DOS Prompt shortcut and configure its
properties for SDCC.

Launch Windows Explorer, Start -> Programs -> Windows Explorer

Navigate to C:\Windows\Start Menu\Programs
Right click, hold and drag the "MS-DOS Prompt" shortcut to the desktop

Select "Copy Here" when the popup menu appears as you release
Right click on the new shortcut, and select Properties

Select the Program tag
Set "Batch file:" to "C:\\SDCC\SDCCPATH.BAT"

Set "Working:" to "C:\SDCC" (or whatever directory your project code will be in).
Click Apply and OK to save your changes.

713
2
3
4.
o
6.
7
8
9.

This image shows the MS-DOS Prompt properties, configured to run the SDCCPATH.BAT file.
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MES-DES
Rrompt

_umu:._d 2: MS-DOS Prompt w:o:ocﬁ __ua_umamm To Run m_uoov>._.I.w>4
Windows XP: Use the start menu, click "All Programs"”, navigate to Accessories and then click and hold with
the right mouse button on "Command Prompt"

and drag it to your desktop, and select "Copy Here" in the popup
menu. Microsoft removed the ability to run a batch file from the properties dialog... you can run the batch file

manually, or manually type a command to add SDCC to
automatically in XP ???

your path. TODO: is there a way to do this

Step 5: Your C-Based Project Should Be On C: Drive
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SDCC will search for its libraries in \SDCC\SHARE\SDCC\LIB. There is no drive letter in this pathname, so
SDCC will look for its library files on the same drive you're using.

If you get errors like these:
test.c:1:20: stdio.h: No such file or directory

or

wbmHMDwIEmHDH:@1GmeMH:mQ Global '__sdcc_external startup' referenced by module 'test®

then SDCC is probably not able to find its library or include files. These error message claim that SDCC can
_not find items which are clearly supposed to be provided by SDCC's standard library.

Check the directory placements (step 3) and make sure the current directory in your MS-DOS Prompt shows
the same drive as where SDCC is installed.

The putchar() function required for printf is NOT provided in SDCC's libraries (this may change someday). You
must write a putchar function. See the LED Blink Example for a simple putchar function.

Installing AS31, SDCC and GNU Make <<_.3Q0<<m Binary Um.oxmmm“ Paul Stoffregen
http://www.pjrc.com/tech/8051/tools/win32_install.html
Last updated: February 24, 2005

Suggestions, comments, criticisms, things you want?? mailto:paul@pjrc.com
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niwous device dissipation at (or below) 25°C free air temperature (see Note 2) Prot - 2 — V\é
T: -65to + 5l
ing juncti rature range j
'perall;ng junction tempe g T T =
pefalng temperature range T i =
¥raling free-air temperature range
851, Derate linearly to 150°C case temperature at the rate of 0.48 W/°C°. ,
2 Derate linearly to 150°C free air temperature at the rate of 16 mW/°C.
g ’ 1
55;"“3 o et 38 of publication date. Products conform to spec! does not

: sing do
YincIUdeogw srMovations standard warranty. Production proces
Sting of 5 parameters.
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ARAMETER
ﬁ—f TEST CONDITIONS
it MIN | TYP | MAX | uNIT
llector-emitter BD L
Col : Ic.= 100 mA S X53 45
VBRICEO  preakdown voltage B (see Note 3) BDX53A 60
BDX538 80 v
Vce= 30V 5=0 BDX53C 100
Collector-emitter Vee= 30V s =0 BDX53 e s 05
lcE0  cut-off current Vee= 40V lg=0 BDX53A 0.5
Vee= 50V oo BDX53B o5 | MA
VRSB =g 2bxsac 05
Collector cut-off Veg= 60V le=0 BDX53 O
|cBO current VCB = 80V IE =0 BDX53A 0.2 a
Veg =100 Vv le =0 BDX53B 0.2 m,
—  Emitter cut-off e BDX53C 0.2
k80 current ERIETRRCS Slgic
d current : 2 o
Forward ¢
Veg = = ;
BFE transfer ratio 5 2V lc=3A (see Notes 3 ang 4) 750
Base-emitter haes
Vag(sal) saturation voltage Bl rid, lo=3A (see Notes 3 and 4) 25 v
Collector-emitter AR
Veesa)  saturation voltage B & lo=3A (see Notes 3 and 4) 2 v
Parallel diode
lg= 3 =
Y& foward voltage £ R =0 25 Vv
NOTES: 3. These parameters must be measured using pulse techniques, tp =300 ps, duty cycle < 2%,
4. These parameters must be measured using voltage-sensing contacts, separate from the current carrying contacts.
thermal characteristics
PARAMETER MIN TYP | MAX | UNIT
Ryc  Junction to case thermal resistance 2.08 | °C/w
Raiw  Junction to free air thermal resistance 625 | °Cw
resistiVe-Ioad-switching characteristics at 25°C case temperature
PARAMETER TEST CONDITIONS 1 MIN | TYP | MAX | UNIT
tn  Turn-on time Ic=3A I8(on) = 12MA I(of) = -12 MA 1 us
o Tumn-off time vBE(Off) =45V R . =10Q tp =20 ps, dc<2% 5 HS

r . . .
VOltage and current values shown are nominal; exact values vary slightly with transistor parameters.
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; TYPIC{\L CHARACTERISTICS

TYPICAL DC CURRENT gy
L COLLECTOR-EMITTER SATURATION VOLTAGE

COLLECTOR CURRENT Vs
i l: TCS120aG o COLLECTOR CURRENT
T B ke PR TCS120AH
o 7 Te= 25 o o =300 b, duty cycle < 23
> ls =1./100
/ =100E 8 Bl
e LI e T.=100°Cc E 25 |—_| H_\
£ 100 = E
: S=I
§ = 7% 5 [ s g 2:0 ——1 | || e /
£ VAL EEIER ®
0 i ek @
3 T\ &
= Tl £ 15—
g 1000 —N~N & A ’
3 e B e S
F “%§§ N 3 O =
5 | o] [ 1] =
. —F N s <N []
A ST e % 05 \\\ N1, = 40
f Vee = [ [ [ g \\Tc = 25°C
t, =300 ps, duty cycle < 2% > ™\T,=100°C
100 L SO : i 0 Ic [ 1T
05 1-0 10 05 10 10
l¢ - Collector Current - A Ic - Collector Current - A
Figure 1. Figure 2.
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Figure 3.
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MAXIMUM SAFE OPERATING REGIONS

MAXIMUMm FORWARD~BIAS

SAFE OPERATING AREA
EEkE DC Operation E
) .

100 SAS120AD

INNNI

E=sce
0 ¢, = 300 s,
i B ,Z_;Zd=0.1 =u1so%j

(A

LI
EEEN]

NI

e
=an

]

I

[TTENC]
o [ ]

-
o

il
L

]
]

B
7

|

T

PR
1]
il

INE P AN}
T—1 7T
»° 4

-
IEIE]

[]
]
=

T 1o
| T

P

=%
(=)

A

|
l

I - Collector Current - A

T
lll!

i
il
il
i
]

|
1
I
1

| BDX53 3

L

w
o
3
3
w
[l
|
1
|

BDX53C

0-1

1-

o
-
o

100 1000
Ve - Collector-Emitter Voltage - V

Figure 4.

THERMAL INFORMATION

MAXIMUM POWER DISSIPATION
Vs
CASE TEMPERATURE

TIS120AB
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P, - Maximum Power Dissipation - W

T, - Case Temperature - °C

Figure 5.
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3.pin plastic flange-mount Package
This single-in-line package cons; L :
e o .The e VJ;;SS;fnZ cnrcun.mounted On a lead fra
characteristics will remain staple when e temperature With n n:je o o ot e it o piti
e operated in high humidity c:oo eformation, ang circuit performance

when used in =
s .
o ‘ Oldered assembly, nditions. - Leads require no additional
10220
470
. 3,96 420 ¥ =
3,71 =
see Note B i 123 P [
]
14,55 —
'see Note C
@) 8,1
[ 35
X A 4 H
A \{_
ki !
14,1
& 1,70 12,7
0,97 o7
0,61 J‘ J
@\ @\J@\ 2 J
— 2 0,64
0,41
5,28
4,88
% i
VERSION 1 VERSION 2
ALL LINEAR DIMENSIONS IN MILLIMETERS

MDXXBE

= Power )
© INNOVATIONS ;
5

Horgs,
" A The centre pin is in electrical contact with the mounting tab.
* vounting tab corner profile according to package version.

* Typical fixing hole centre stand off height according to package version.
ersion 1, 18.0 mm. Version 2, 17.6 mm.
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IMPORTANT NOTICE

power Innovations Limited (PI) reserves the ri

semiconductor prodL!Ct or sgrvice without notice, and advises its custome i i
R L rs to verify, before placing orders, that the

pl warants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with Pl's standard warranty. Testing and other quality control techniques are utilized to the extent PI
deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except as mandated by government requirements.

Placcepts no liability for applications assistance, customer product design, software performance, or infringement
of patents or services described herein. Nor s any license, either express or implied, granted under any patent
fight, copyright, design right, or other intellectual property right of Pl covering or relating to any combination,
machine, or process in which such semiconductor products or services might be or are used.

PISEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED TOBE
SUTABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS.

Copyright © 1997, Power Innovations Limited
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