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ABSTRACT

Stand Alone CD Player

Project Team:

Manar AL-Hammoury
Ruba Al-Herbawi
Ruba Sultan

Palestine Polytechnic University - 2005

Supervisor:
Eng. Elayan Abu-Gharbyeh

Most CD-ROM drivers come with convenient features to allow users to play and
listen to audio CD’s, but staying along with the computer to listen.

For portability needs and the ability of using an old and damaged computer CD
driver, instead of throwing it away, this project will be constructed to allow users
playing music without computer and controlling the running track also to display tracks

information on LCD and may play stored tracks without CD.

A CD-drive will be interfaced to LCD and switches through a PIC microcontroller
1/O ports. The switches will provide the ability of controlling the drive operation such
as open/clese door, next track, play/stop, previous track, and pause on/off. The LCD
will display tracks info and drive status. An amplifier will be supported to allow the

user to listen to the CD without using headphones.
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Chapter One

Introduction

1.1 Overview

The world inclination today is to simplify the way of device usage and controlling
without staying at a fixed place. This idea stems from the fact that many devices require a

mean of any facility that saves time and labor either in usage or control.

The System implements the idea of device operating and controlling. The system focuses
on making a stand a lone audio CD-Player. This System is useful to allow users to
opefate it away from computer. Basically, the system will build a CD-Player with its
control button that allows you to play tracks and control them; also will provide an LCD

display that gives the user information about the current playing media.

The implementation uses a smart electronic chip called Microcontroller that has specified
pins that allow an IDE/ATA parallel bus to be attached to it. Eventually, the system has
to connect the CD-Drive to the microcontroller, and attach some control buttons, display
system and other electronic components to allow controlling the playing track. Some
programming language will be used to program the microcontroller to allow connecting

the control keys and display system.

This system is expected to fully implement the required conmectivity between
microcontroller and the CD-Drive and control keys and display system and adding some
electronics to enable listen to the sound without headphones. On the other hand, it must

guarantee the correct access to the functions already supported by the CD-Drive.




1.2 Literature Review

This project is the first project of its kind in our university, but there are some CD-Drive

projects in the web that match our project.

We can categorize the Literature Survey into two main groups:

PPU Projects:

As we had mentioned it’s the first one for the project idea.

Other Projects:
Through searching the Web, we had seen various and different projects and suggestions

tackling the idea of this project, some of them are tightly related to it, such as:

1. "Mp3 CD-Player project"

Project Description:

This project is able to play CDs containing mp3-files, Audio CDs and optionally it has a
build-in hard drive. About 12 hours of continuous music fit on a standard CD-R, the hard

drive used (20 GB), CPU, RAM, sound cards, floppy S 1)

Relationship to our project:
This project is related to our project idea, isolating the CD-Drive from computer, also:
1. Using amplifiers and display screen.

2. Using buttons for control.

But there still general schemas that may use new ways, such as:
1. This project will not read mp3 files.
2. This project will not use hard disk.

3. This project, in general uses fewer component and smaller software, and makes

fewer functions.




2. "An ATA/ATAPI CDROM application using a 8051 based Micro controller”

Project Description:
This project aimed to design a cheap CD player for phone systems- a device that plays
CD's with recordings of music and people. The signals from this device would be fed into

a telephone system. Whenever somebody would ring up the business and get "put on

hold", they would hear the CD. [2]

Relationship to our project:
This project is related to our project because it connects the CD-Drive with the
microcontroller, also using the CD-Drive as a stand alone system from the computer, also
controlling the playing track.

But there still general differences from our project such as connecting telephony system.




1.4 Estimated Cost

This section lists the overall cost that is considered in implementing the system. The costs

are divided into: hardware costs and software costs.

Hardware Estimated Cost

Table 1- 1: Hardware Cost

; Component Cost $ ‘
; PIC Microcontroller 10 i
PIC Programmé; 200
LCD Display 10
CD-Dnve 20 I
Power supply 1 5
| Buttons i 1
e 5 ik e
Speaker | S
Cables 5
Miscellane(;us | 20 ;
Software Estimated Cost
Table 1- 2: Software Cost
?Software ?Cost

| | !
§"Soﬁware Implementation g?_OO$ |




1.5 Time Schedule

The following table illustrates how the time will be managed to reach the goal. This time

management aims to clarify each step of the project and guarantees the full completion of

the overall system.

Table 1- 3: Time Schedule

e

System design

) g e (i3} a5 | 17 [pd9 Jla1] 23 s |27 29 )3

Weeks B o) e | LOTE 12 14 1. 16 | 18 20’@22@24§6} |30 | 32

Tasks x | ‘ | ; } !

- System definition , ' % [
collecting data } ‘ ‘

- Planning f
| Requirement | ; |
analysis

Software design | |

Implementation
Testing &
Operate project
Documentation |




1.6 Report Contents

The documentation for this project is organized into seven chapters. Each chapter
concerns with a logical or physical part of the system. It seems to have a hierarchical

schema for simulating the system. However, the followings summarize briefly what each

chapter will explain:

o Chapter One: Introduction

This chapter demonstrates an overview about the system, system design options, a
literature review, estimated cost and time planning.

o Chapter Two: Theoretical Background

This chapter focuses on theories and materials that are related to our system operation

and behavior. It mainly talks about CD-Drive, Microcontroller, LCD Display.

o Chapter Three: Design Concepts
This chapter describes the system in its abstract formula. It describes the project

objectives, a general block diagram and how the system works.

o Chapter Four: Hardware System Design
This chapter discusses system design options and justifies those that are chosen in the

project. A detailed description about the different project parts also is included.

o Chapter Five: Software System Design
This chapter handles the software related to our system, depicts flow charts about system

operation and 1llustrates different algorithms and techniques that will be considered in

writing the software.

e Chapter Six: System Implementation and Testing
This chapter manifests the implementation procedures to be acted so as to integrate the

project. Then, a sequence of procedural testing will be listed. The testing comprises both

software and hardware testing.




o Chapter Seven: Conclusions and Future Work

This chapter lists the problems faced us in accomplishing the system and how did they
resolved. Notes and Conclusions will help readers are also included. A future work is also

proposed.
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Chapter Two

Theoretical Background

This Chapter talks about the hardware theoretical background that will be used in this

project.

2.1 The CD-Drive:
2.1.1 General Description

CD-ROM (Compact Disk Read Only Memory) is a drive which reads aluminum-coated
round plastic discs. The CD-ROM standard was officially introduced in 1982.

CD-ROM drives connect to an IDE port on the motherboard or hard drive interface card.
IDE CD-ROM drives use standard ATAPI command set for controlling. IDE is

commonly used for CD-ROM's in standard computers today.

Nowadays there are two commonly used CDROM interfaces used in PCs: IDE and SCSL
IDE CD-ROMs are the most common in normal PCs. SCSI CD-ROMs are commonly
used in high-end PCs and workstations. Specifications for SCSI and AT Attachment
Packet Interface (ATAPI) CD drives have long been established, but little testing has
been done to ensure that drives conform to these standards. Both AT Attachment Packet
Interface (ATAPI) and SCSI drive command set for reading audio CDs (for more
information sees "ATA Packet Interface for CD-ROMs" and "SCSI-3 Multimedia

Commands"

Audio data can be read from a CD-ROM drive by sending it a Read CD command and
the address of a sector known to contain digital audio. The drive then returns a block of
2352 bytes of raw audio data (normal data reads return 2048 bytes). These data reads
reflect an extra layer of error correction not available to sectors containing digital audio.
Data tracks also contain "formatted Q-sub code data” that confirm to the drive exactly
which sector is currently being read. Without this extra information, accurate positioning

of the read head and error-free transmission of audio data is difficult. [3]

10




2.1.2 CD-ROM Media Organization
The formats written on the CD-ROM and CD-DA (Digital Audio) media require special

interfacing considerations.

Discs may contain audio, data or a mixture of the two.

The Sector:

The physical format defined by the CD-ROM media standards provides 2352 bytes per
sector. For usual computer data applications, 2048 bytes are used for user data, 12 bytes
for a synchronization field, 4 bytes for a sector address tag field and 288 bytes.

A CD-ROM physical sector size is 2048, 2052, 2056, 2324, 2332, 2336, 2340 or 2352
bytes per sector. These values correspond to the user data plus various configurations of
header, sub header and EDC/ECC.

The Track:

A track may be viewed as a partition of the CD-ROM address space. A CD-ROM media
contains from one to ninety-nine tracks. All information sectors of a track are required to
be of the same type (audio or data) and mode. Each change in the type of information on
the disc requires a change in track number. A disc containing both audio and data would
have at least two tracks, one for audio and one for data.

The tracks of a CD media are numbered consecutively with values between 1 and 99.
However, the first information track may have a number greater than 1. Tracks have a
minimum length of 300 sectors including any transition area that is part of a track.

The CD-ROM media standards require transition areas between tracks encoded with
different types of information. In addition, transition areas may be used at the beginning

or end of any track.

Areas inside the Media:

CD-ROM media have lead-in and lead-out areas. These areas are outside of the user-
accessible area. The lead-in area of the media is designated track zero. The lead-out area

is designated track 0AAh. The sub-channel Q in the lead-in track contains a table of
contents (TOC) of the disc.

11




The Table of Contents:

The table of contents gives the absolute MSF location of the first information sector of
each track. Control information (audio/data, method of audio encoding, etc.)

The MSF Address is the physical address written on CD-ROM discs. It is expressed as a
sector count relative to either the beginning of the medium (absolute) or to the beginning
of the current track (relative).

The MSF locations of the beginning of data tracks in the TOC are required to be
accurate; however, the TOC values for audio tracks have a tolerance of plus or minus 75
sectors. Information from the TOC can be used to reply to a READ CD-ROM
CAPACITY command. When this is done, the drive implementer shall consider the

possible tolerances and return a value that allows access to all information sectors.

The Index:

An index is a partition of a track. Pre-gap areas are encoded with an index value of zero.
Pause areas at the beginning of audio tracks are also encoded with an index value of zero.
The first information sector of a track has an index value of one. Consecutive values up
to 99 are permitted. Index information is not contained in the TOC. Not all sectors are
encoded with the index value in the Q-sub-channel data (the requirement is 9 out of 10).
A sector without an index value is presumed to have the same index as the preceding

sector.

7.1.3 CD-ROM Physical Data Format

The physical format of CD-ROM and CD-DA media uses a smaller unit of
synchronization than the more familiar magnetic or optical recording systems. The basic
data stream synchronization unit is a small frame. This is not the same large frame
(sector) as referred to in the MSF unit. Bach small frame consists of 588 bits. A sector on
CD-ROM media consists of 98 small frames.

A CD-ROM small frame consists of:

1. 1 synchronization patterm (24+3 bits)

2. 1 byte of sub-channel data (14+3 bits)

3. 24 bytes of data (24 x (14+3) bits)

12




4. 8 bytes of CIRC code (8 x (14+3) bits) Total: 588 bits.

Data, sub-channel and CIRC bytes are encoded with an 8-bit to 14-bit code; then three
merging bits are added. The merging bits are chosen to provide minimum low frequency
signal content and optimize phase lock loop performance.

2.1.3.1 Frame Format for Audio

Each small frame of an audio track on a two-channel CD-DA or CD-ROM media consists
of six digitized 16-bit samples of each audio channel. These 24 bytes of data are
combined with a synchronization pattern, CIRC bytes and a sub-channel byte to make a
frame. Bach frame takes approximately 136.05s to play. This gives a sampling rate of
44.1 kHz for each channel. The sub-channel information creates the higher level sector
grouping for audio tracks.

2.1.3.2 Sector Format for Data

The data bytes of 98 small frames comprise the physical unit of data referred to as a
sector. (98 small frames times 24 bytes per small frame equals 2352 bytes of data per

sector.)

A sector that contains CD-ROM Data Mode 1 data has the following format:
1. 12-byte synchronization field

2. 4-byte CD-ROM data header

Absolute M field

Absolute S field

Absolute F field

CD-ROM data mode field

3. 2048-byte user data field

4. 4-byte error detection code

5. 8 bytes zero

6. 276-byte layered error correction code

A sector that contains CD-ROM Data Mode 2 data has the following format:
1. 12-byte synchronization field

2. 4-byte CD-ROM data header

Absolute M field

13




4. 8 bytes of CIRC code (8 x (14+3) bits) Total: 588 bits.

Data, sub-channel and CIRC bytes are encoded with an 8-bit to 14-bit code; then three
merging bits are added. The merging bits are chosen to provide minimum low frequency
signal content and optimize phase lock loop performance.

2.1.3.1 Frame Format for Audio

Each small frame of an audio track on a two-channel CD-DA or CD-ROM media consists
of six digitized 16-bit samples of each audio channel. These 24 bytes of data are
combined with a synchronization pattern, CIRC bytes and a sub-channel byte to make a
frame. Bach frame takes approximately 136.05s to play. This gives a sampling rate of
441 kHz for each channel. The sub-channel information creates the higher level sector
grouping for audio tracks.

2.1.3.2 Sector Format for Data

The data bytes of 98 small frames comprise the physical unit of data referred to as a
sector. (98 small frames times 24 bytes per small frame equals 2352 bytes of data per

sector.)

A sector that contains CD-ROM Data Mode 1 data has the following format:
1. 12-byte synchronization field

2. 4-byte CD-ROM data header

Absolute M field

Absolute S field

Absolute F field

CD-ROM data mode field

3. 2048-byte user data field

4. 4-byte error detection code

5. 8 bytes zero

6. 276-byte layered error correction code

A sector that contains CD-ROM Data Mode 2 data has the following format:
1. 12-byte synchronization field

2. 4-byte CD-ROM data header

Absolute M field
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Absolute S field

Absolute F field
CD-ROM data mode field

3 2336-byte user data field (2048 bytes of mode 1 data plus 288 bytes of auxiliary data)

2.1.3.3 Sub-channel Information Formats

The sub-channel byte of each frame is assigned one bit for each of the 8 sub-channels,
designated P, Q, R, Sl SV W

Sub-channel P is a simple flag bit that may be used for audio muting control and track
boﬁndary determination.

Sub-channel Q has a higher level of structure. All the sub-channel Q bits of a sector
define the sub-channel Q information block. (For audio tracks, decoding the Q sub-
channel is the only way to distinguish sector boundaries.)

The sub-channel Q block consists of 98 bits, one bit from each small frame in a sector.
Three formats are defined for the sub-channel Q information block. The first format
provides location information and is defined as follows:

1. 2-bit sub-channel synchronization field

7. 4-bit ADR field (defines the format)

3 4-bit control field (defines the type of information in this sector)

4. 8-bit track number

5. 8-bit index number

6. 24-bit track relative MSF address

7. 8 bits Reserved (0)

8. 24-bit Absolute MSF address

9. 16-bit CRC error detection code

This format is required to exist in at Jeast nine out of ten consecutive sectors.

14




2.1.4 Physical Interface

Digial Audia ——J_] \
Sound Card Sonpacicen
Jurnpey Bloch 40 Pin IDE Inlerkace

d-p1in powey

Figure 2-1: CD Drive Interface

Every CD-ROM drive contains a logic board. As with the hard disk drive, the job of
this board is to both control the drive and interface to the PC either using IDE/ATAPI or
SCSI, the connectors and jumpers, and the signals of the cable will be described in

details.
2.1.4.1 Connectors and Jumpers

The connectors and jumpers on a CD-ROM are similar in most ways to what you will
find on a hard disk drive. Mercifully, CD-ROM drive manufacturers have done a much
better job of being at least somewhat standardized in the use of jumpers and connectors,
and even in where they are located on the drive. All CD-ROMs that we have seen have

their jumpers and connectors located at the back of the drive.

Standard 4-pin power connector on the back of a regular internal CD-ROM drive, the
same kind that is used for hard disk drives and most other internal devices. This is pretty
universal and is found on most every drive. The other connections and jumpers depend
on the interface that the drive is using; an IDE/ATAPI drive will use different ones than a
SCSI drive for example. For ATAPI, you will find the standard 40-pin data connector,
along with jumpers to select the drive as a master or slave device. For SCS], you will find

a 50-pin connector and jumpers to set the device ID and termination. But in our project

we will use the IDE/ATAPL

15




One connector that is found on a CD-ROM and not on a hard disk drive is the audio

connector that goes to the sound card. This three- or four-wire cable is used to send CD

audio output directly to the sound card so it can be recorded or played back on the

computer's speakers.

CDROM-IDE 40-Pin Connector

2 40

e e A

! % (at the controller & peripherals)
1 39

DDBOEBDDBDDDOUEEDDDD
nnuuuunnunnnnununuuu

2, 40

(at the cable)

Figure 2-2: IDE Connector

Standard IDE/ATA hard disks and ATAPI devices use two different connectors. The first
is the data connector, to which the IDE/ATA cable attaches. The second is the power
connector, which comes from the power supply, and of course, provides power to the

drive.

There are 40 wires in a regular IDE/ATA cable, so it's no surprise that there are 40

corresponding signals.

2.1.4.2 Signal descriptions

The interface signals and pins are described in some details:
CS10- (drive chip select 0) — 37

This is the chip select signal decoded from the host address bus used to select the

Command Block Registers.
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Standard IDE/ATA hard disks and ATAPI devices use two different connectors. The first
is the data connector, to which the IDE/ATA cable attaches. The second is the power
comnector, which comes from the power supply, and of course, provides power to the

drive.

There are 40 wires in a regular IDE/ATA cable, so it's no surprise that there are 40

corresponding signals.

2.1.4.2 Signal descriptions

The interface signals and pins are described in some details:
CS10- (drive chip select 0) — 37

This is the chip select signal decoded from the host address bus used to select the

Command Block Registers.
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CS31- (drive chip select 1) — 38

This is the chip select signal decoded from the host address bus used to select the Control

Block Registers.

DAO0-2 (Drive address bus) - 35, 33, 36

This is the 3-bit binary coded address asserted by the host to access a register or data port

in the drive.

DASP- (Drive active/drive 1 present) — 39

This is a time-multiplexed signal which indicates that a drive is active, or that Drive 1 1s
present. This signal shall be an open collector output and each drive shall have a 10K
ohm pull-up resistor.

During power on initialization or after RESET- is negated, DASP- shall be asserted by
Drive 1 within 400 m sec to indicate that Drive 1 is present. Drive 0 shall allow up to 450
m sec for Drive 1 to assert DASP-. If Drive 1 is not present, Drive 0 may assert DASP- to
drive an activity LED.

DASP- shall be negated following acceptance of the first valid command by Drive 1 or
after 31 seconds, whichever comes first.

Any time after negation of DASP-, either drive may assert DASP- to indicate that a drive

1s active.

DDO0-DD15 (Drive data bus) — [3-18]

This is an 8- or 16-bit bidirectional data bus between the host and the drive. The lower 8
bits are used for 8-bit transfers €.g., register ECC bytes and if the drive supports the

Features Register capability to enable 8-bit-only data transfers.

DIOR- (Drive VO read) — 25
This is the Read strobe signal. The falling edge of DIOR- enables data from a register or

the data port of the drive onto the host data bus, DD0-DD7 or DD0-DD15. The rising

edge of DIOR- latches data at the host.

17




DIOW- (Drive VO write) — 23

This is the Write strobe signal. The rising edge of DIOW- clocks data from the host data
bus, DD0-DD7 or DD0-DD15, into a register or the data port of the drive.

DMACK- (DMA acknowledge) — 29

This signal shall be used by the host in response to DMARQ to either acknowledge that

data has been accepted, or that data is available.

DMARQ (DMA request) — 21

This signal, used for DMA data transfers between host and drive, shall be asserted by the
drive when it is ready to transfer data to or from the host.

The direction of data transfer is controlled by DIOR- and DIOW-. This signal is used in 2
handshake manner with DMACK- i.e., the drive shall wait until the host asserts
DMACK- before negating DMARQ, and re-asserting DMARQ if there is more data to
transfer.

When a DMA operation is enabled, IOCS16-, CS1FX-, and CS3FX- shall not be asserted

and transfers shall be 16-bits wide.

INTRQ (Drive interrupt) — 31

This signal is used to interrupt the host system. INTRQ is asserted only when the drive
has a pending interrupt, the drive is selected, and the host has cleared nIEN in the Device
Control Register. If nlEN=1, or the drive is not selected, this output is in a high
impedance state, regardless of the presence or absence of a pending interrupt.

INTRQ shall be negated by:

- assertion of RESET- or;

_ the setting of SRST of the Device Control Register, 0T,

- the host writing the Command Register or;

- the host reading the Status Register.
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JORDY (I/O channel ready) — 27

This signal is negated to extend the host transfer cycle of any host register access (Read

or Write) when the drive is not ready to respond to a data transfer request. When IORDY

is not negated, IORDY shall be in a high impedance state.

PDIAG- (Passed diagnostics) — 34

This signal shall be asserted by Drive 1 to indicate to Drive O that it has completed

diagnostics

RESET- (Drive reset) — 1
This signal from the host system shall be asserted for at least 25 u sec after voltage levels
have stabilized during power on and negated thereafter unless some event requires that

the drive(s) be reset following power on.

CSEL (Cable select) — 28

The drive is configured as either Drive 0 or Drive 1 depending upon the value of CSEL:
_If CSEL is grounded then the drive address is 0

- If CSEL is open then the drive address is 1

Special cabling can be used by the system manufacturer to selectively ground CSEL. [3]

2.1.4.3 DC Cable

The drive receives DC power through a 4-pin or a low-power application 3-pin
connector.

A drive designed for 3,3V applications may be plugged into a receptacle designed to
accept a drive designed for SV applications, with 12V lines for additional power. It is not
required that the drive operate, but it is recommended that precautions be taken to prevent
damage to the drive. A drive designed for 5V applications may be plugged into a
receptacle designed to accept a drive designed for 3,3V applications, with 5V lines for

additional power. It is not anticipated that damage could occur to the drive, but it is

likely to fail m an undetermined manner. [7]
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2.1.5 Logical Interface:

J/O registers inside CD-Drive descriptions

Communication to or from the drive is through an /O Register that

output data to or from registers.

These registers can be categorized nto two types:

routes the input or

o The Control Block Registers are used for drive control and to post alternate status.

These registers include:
1. Device Control register

2. Alternate Status register

o The Command Block Registers are used for sending commands to the drive or

Posting status from the drive.
These registers include:

1. Status register
Command register
Cylinder high register
Cylinder low register
Data register
Drive address register
Drive/head register

Error register

i ool B o [ O

Features register
10. Sector count register

11. Sector number register

o Device control register
Direction

This register is writing
register is read.

Access restrictions
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This register shall only be written when DMACK- is not asserted.

Effectiveness

The content of this register shall take effect when written.

Functional description

This register allows a host to software reset attached devices and to enable or disable the
assertion of the INTRQ signal by a selected device. When the Device Control register is
written, both devices respond to the write regardless of which device is selected. When
the SRST bit is set to one, both devices shall perform the

Software reset protocol. The device shall respond to the SRST bit when in the SLEEP

mode.
Field/bit description
15114113|12[11l1n|9|a
Datai 5.8
T e e [ e T T [
Datan 7201

o Alternate status register

Directicn

This register is read only. If this address is written to by the host, the Device Control
register is written.

Access restrictions
When the BSY bit is set to one, the other bits in this register shall not be used. The entire

contents of this register are not valid while the device is in Sleep mode.
Effect
Reading this register shall not clear a pending interrupt.

Functional description
This register contains the same ‘nformation as the Status register in the command block.
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o Status Register

Direction

This register is read only. If this address is written to by the host, the Command register
is written.

Access restrictions

The contents of this register, except for BSY, shall be ignored when BSY is set to one.

BSY is valid at all times. The contents of this register are not valid while a device is in

the Sleep mode.

Effect

Reading this register when an interrupt is pending causes the interrupt pending to be
cleared. The host should not read the Status register when an interrupt is expected as this
may clear the interrupt pending before the INTRQ can be reco gnized by the host.
Functional description

This register contains the device status. The contents of this register are updated to reflect
the current state of the device and the progress of any command being executed by the
device.

Field/bit description

i g 5 4 3 Z 1 0
S RLY i # LR | Cbsolet | Obsalat ERR

(=] =

e Command register

Direction

This register is writing only. If this address is read by the host, the Status register is read.

Access restrictions
For all commands except DEVICE RESET, this register shall only be written when BSY

and DRQ are both
cleared to zero and DMACK- is not asserted. If written when BSY or DRQ is set to one,

the results of writing
the Command register are indeterminate except for the DEVICE RESET command. For a

device in the Sleep mode, writing of the Command register shall be ignored except for
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writing of the DEVICE RESET command to a device that implements the PACKET
Command feature set.

Effect

Command processing begins when this register is written. The content of the Command
Block registers become parameters of the command when this register is written. Writing
this register clears any pending interrupt condition.

Functional description

This register contains the command code being sent to the device. Command execution
begins immediately after this register is written.

Field/bit description

N N T N S
Commanid Code
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e Cylinder high register

Direction

This register is read/write.

Access restrictions

This register shall be written only when both BSY and DRQ are cleared to zero and
DMACK- is not asserted.

The contents of this register are valid only when BSY is cleared to zero. If this register is
written when BSY or DRQ is set to one, the result is indeterminate. The contents of this
register are not valid while a device is in the Sleep mode.

Effect

The content of this register becomes 2 command parameter when the Command register
1s written.

Functional description

The content of this register is command dependent.
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e Cylinder low register

Direction

This register is read/write.

Access restrictions

This register shall be written only when both BSY and DRQ are cleared to zero and
DMACK- is not asserted.

The contents of this register are valid only when BSY is cleared to zero. If this register is

written when BSY or DRQ is set to one, the result is indeterminate. The contents of this

register are not valid while a device is in the Sleep mode.

Effect

The content of this register becomes a command parameter when the Command register
is written.

Functional description

The content of this register is command dependent.

o Data register

Direction

This register is read/write.

Access restrictions

This register shall be written only when both BSY and DRQ are cleared to zero and
DMACK- is not asserted.

The contents of this register are valid only when BSY is cleared to zero. If this register is
written when BSY or DRQ is set to one, the result is indeterminate. The contents of this
register are not valid while a device is in the Sleep mode.

Effect

The content of this register becomes a command parameter when the Command register
is written.

Functional description

The content of this register is command dependent.
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Field/bit description
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e Drive address register

This register contains the inverted drive select and head select addresses of the currently

selected drive

o Drive/head register

Direction

This register is read/write.

Access restrictions

This register shall be written only when both BSY and DRQ are cleared to zero and
DMACK- is not asserted.

Effect

The DEV bit becomes effective when this register is written by the host or the signature
is set by the device. All other bits in this register become a command parameter when the
Command register is written.

Functional description

Bit 4, DEV, in this register selects the device. Other bits in this register are command
dependent.

Field/bit description
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e Error register

Direction
This register is read only. If this address is written to by the host, the Features register is
written.

Access restrictions

The contents of this register shall be valid when BSY and DRQ equal zero and ERR
equals one. The contents of this register shall be valid upon completion of power-on, or
after a hardware or software reset, or after command completion of an EXECUTE
DEVICE DIAGNOSTICS or DEVICE RESET command. The contents of this register
are not valid while a device is in the Sleep mode.

Effect

None.

Functional description

This register contains status for the current command.

At command completion of any command except EXECUTE DEVICE DIAGNOSTIC
the contents of this register are valid when the ERR bit is set to one in the Status register.

Field/bit description

2 1 )
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e Features register
Direction
This register is write only. If this address is read by the host, the Error register is read.

Access restrictions
This register shall be written only when BSY and DRQ equal zero and DMACK- is not

asserted. If this register is written when BSY or DRQ is set to one, the result is

indeterminate.

Effect
The content of this register becomes 2 command parameter when the Command register

1S written.

Functional description
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The content of this register 1s command dependent

e Sector count register

Direction

This register is read/write.

Access restrictions

This register shall be written only when both BSY and DRQ are zero and DMACK- is
not asserted. The contents of this register are valid only when both BSY and DRQ are
zero. If this register is written when BSY or DRQ is set to one, the result is indeterminate.
The contents of this register are not valid while a device is in the Sleep mode.

Effect

The content of this register becomes a command parameter when the Command register
is written.

Functional description

The content of this register is command dependent

e Sector number register
Direction
This register is read/write.

Access restrictions
This register shall be written only when both BSY and DRQ are zero and DMACK- is

not asserted. The contents of this register are valid only when both BSY and DRQ are
zero. If this register 1s written when BSY or DRAQ is set to one, the result is indeterminate.

The contents of this register are not valid while a device is in the Sleep mode.

Effect

The content of this register becomes a command parameter when the Command register

1s written.

Functional description

The content of this register is command dependent. [3]
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2.1.6 ATAPI Command Packet

An ATAPI command is communicated by sending a Command Packet to the ATAPI CD-
ROM Drive. For several commands, the Command Packet is accompanied by a list of
parameters sent upon receiving an interrupt following the Command Packet being sent.
See the specific commands for detailed information. The Command Packet always has an
operation code as its first byte.

For all commands, if there is an invalid parameter in the Command Packet, then the

ATAPI Device shall abort the command without altering the medium.

Typical Command Packet for Most Commands

Bit j = 5 5 a9 1

J
-
o

U} Operation Code

Reserved I Resarved

(X ISI30

Topical Block Address (if required)

(LSI3Y

Reserved

8 (SR Transter Lenzth Gf requinad i or
Parameter List Length (if required) or
Allocation Length GF requirnd)il.SB)

] Reserved

0 Reserved

11 Reserved

Operation Code

The operation code of the Command Packet has a group code field and a command code
field. The three-bit group code field provides for eight groups of command codes. The
five-bit command code field provides for thirty-two command codes in each group. Thus,
a total of 256 possible operation codes exist. Operation codes are defined in the
subsequent Transfer Length

The Transfer Length Field specifies the amount of data to be transferred, usually the

number of blocks. For several commands the transfer length indicates the requested

number of bytes to be sent as defined in the command description. For these commands

the Transfer Length Field may be identified by a different name.

In commands that use multiple bytes for the transfer length, a transfer length of zero

indicates that no data transfer shall take place. A value of one or greater indicates the

number of blocks that shall be transferred.
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parameter List Length

The Parameter List Length is used to specify the number of bytes to be sent to the Drive.
This field is typically used in Command Packets for parameters that are sent to a Drive

(e.g. mode parameters, diagnostic parameters, etc.). A parameter length of zero indicates

that no data shall be transferred.

Allocation Length

The Allocation Length Field specifies the maximum number of bytes that a Host
Computer has allocated for returned data. An allocation length of zero indicates that no
data shall be transferred. The Drive shall terminate the data transfer when allocation
length bytes have been transferred or when all available data have been transferred to the
Host Computer, whichever is less. The allocation length is used to limit the maximum
amount of data (e.g. sense data, mode data, etc.) returned to a Host Computer.

Status

A Status byte shall be sent from the Drive to the Host Computer at the completion of
each command unless the command is terminated by one of the following events:

1. A hard reset condition.

2. An unexpected event.

2.1.7 ATAPI Packet Commands for CD-ROM Devices

Coanamand [Deseription Opcade Tvpe
INGQUIRY 1Zh X1
oA UNLO~D C D oh o
TECTIA NS S 1Al US GDh ]
TODE SELECT ( 10) Z3h X}
0L YA ™
PAUSE RESUME ETETN S
Py ADIO 0] ERiN oL
PLAY ALIDIO MSF 370 o=
PLAY CD BTh 9]
PREVE T A LLOW MEDIUM REMONA L 5L ¥}
REAL L) 3Sh X
READ (12) ASh %]
RIS CD-ROM CAPACTTY 35h W
READ LD R BER e 20
READ CD TASE BOh. B
READ HEADER EED] N
READ SUB-CHANNEL 42h M
TREAD 10C . = ] PR R e
REOUEST SENSE 3% A
SCAN BAIL (]
SEEK ;Bi: M
SET CD SPEED '3?_3" f)
STOP PLAY  SC AN 3R :4'
START STOP UNIT L“ Ei'l’ ;\l
TEST UNIT READY g
Rescived for future use BFh
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2.1.7.1 INQUIRY Command

The INQUIRY command requests that information regarding parameters of the ATAPI
CD-ROM Drive be sent to the Host Computer. An option allows the Host Computer to
request additional information about the ATAPI CD-ROM Drive.

Bit = ¥
Byie : 2 3 4 \ kJ ‘ 2 \ | \ o

Operation code (12h}

Reserved l Peserved

Reserved

Reservel

Alocation Length

Reserved

Reserved

Reserved

Reserved

| ol | o] | u\ —| &

Reservad
1 Reserved

11 Reserved

The INQUIRY command shall retum CHECK CONDITION status only when the
ATAPI CD-ROM Drive cannot return the requested INQUIRY data. The INQUIRY data
should be returned even though the peripheral device may not be ready for other

commands

2.1.7.2 PAUSE/RESUME Command
The PAUSE/RESUME command requests that the device stop or start an audio play

operation. This command is used with PLAY AUDIO commands that are currently

executing.
Bi : 6 5 4 3 p | f
Byl
) Operation ¢ ode (4B
| Reserved
2 Rescrved
Roserved
1 Reserved
3 Reserved
5 Reserved
= Roserved
9 Reserved Resume
B Reservel
I Reserved
T Resarved
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2.1.7.1 INQUIRY Command

The INQUIRY command requests that information regarding parameters of the ATAPI
CD-ROM Drive be sent to the Host Computer. An option allows the Host Computer to
request additional information about the ATAPI CD-ROM Drive.

Bit - <
Byt ‘ ? \ 2 ‘ 2 \ 3 \ 2 \ ' \ .
0 Operation code (12h}
1 Reserved l Reserved
3 Reserved
3 Reservad
Il Alocatuon Lenath
s Reserve:d
S Reserved
] Reservid
R Reserved
5] Reserved
1 Reserved
1l Reserved

The INQUIRY command shall retum CHECK CONDITION status only when the
ATAPI CD-ROM Drive cannot return the requested INQUIRY data. The INQUIRY data
should be returned even though the peripheral device may not be ready for other

commands

2.1.7.2 PAUSE/RESUME Command
The PAUSE/RESUME command requests that the device stop or start an audio play

operation. This command is used with PLAY AUDIO commands that are currently

executing.

- g : : ] 3 v | 0
Byl

Operation Cade (4801

| Reserved

Rescrved

Reserved

T Reserved

Reserves

Reserved

= Reserved

Reserved Resuine

Reserved

Reseryed

Resarved
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A R§Sllllle bit of zero causes the drive to enter the hold track state with the audio output
muted after the current block is played. A Resume bit of one causes the drive to release
the pause/scan and begin play at the block following the last block played/scanned.

If an audio play operation cannot be resumed and the resume bit is one, the command is

terminated with CHECK. CONDITION status. If the resume bit is zero and an audio play

operation cannot be paused, (no audio play operation has been requested, or the requested
audio play operation has been completed), the command is terminated with CHECK
CONDITION status. Stop Play/Play Audio/Audio Scan/Pause/Resume Sequencing. It
shall not be considered an error to request a PAUSE when a pause is already in effect or

to request a RESUME when a play operation is in progress.

2.1.7.3 PLAY AUDIO MSF Command
The PLAY AUDIO MSF command requests that the ATAPI CD-ROM Drive begin an
audio playback operation. The command function and the output of audio signals shall be

as specified by the settings of the mode parameters including the SOTC bit.

Li’l‘e 7 6 5 4 3 2 | 0
0 Operation Code i47h)
1 Reserved
2 Reserved
k) Starting M Field
4 Starting S Field
& Starting F Field
[ Ending M Field
7 Encling S Field
3 Ending - Field
[ Reserved
10 Rezerved
11 Reserved

This command responds with immediate status, allowing overlapped commands. This
command shall set the DSC bit upon command completion

The Starting M field, the Starting S field, and the Starting F field specify the absolute
MSF address at which the audio play operation shall begin. The Ending M field, the
Ending S field, and the Ending F field specify the absolute MSF address where the audio
play operation shall end. All contiguous audio sectors between the starting and the ending
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MSF address shall be played. If the Starting Minutes, Seconds and Frame Fields are set to
FFh, the Starting address is taken from the Current Optical Head location. This allows the
Audio Ending address to be changed without interrupting the current playback operation.

A Starting MSF address equal to an ending MSF address causes no audio play operation
to occur. This shall not be considered an error. If the Starting MSF address is greater than

the Ending MSF address, the command shall be terminated with CHECK CONDITION

status.

2.1.7.4 START/STOP UNIT Command
The START/STOP UNIT command requests that the ATAPI CD-ROM Drive enable or

disable media access operations.

tfy‘l‘e 7 5 5 1 3 2 1 0
1] Operation code i 1Bh)
| Reserverd | Tmmed
2 Reszrved
3 Reszrved
4 Reserved [ Lok [ Start
3|
3 Reszarved
7 Reszred
8 Resered
[ Resarved
0 Reszrved
11 Reszrved

An immediate (Immed) bit of one indicates that status shall be returned as soon as the

Command Packet has been validated. An Immed bit of zero indicates that status shall be

returned after the operation is completed.

A start bit of one request the Device ‘s made ready for use. A start bit of zero requests

that the Device be stopped (media cannot be accessed by the Host Computer).
Any attempt to Eject or Load a Disc when the Drive does not support that capability shall

result in an error condition being reported to the Host (Sense key 05 ILLEGAL

REQUEST, Sense Code 24 INVALID FIELD IN COMMAND PACKET.)
A Tload eject (LoEj) bit of zero requests that no action be taken regarding loading or

ejecting the medium. A LoE;j bit of one requests that the medium be unloaded if the start

bit is zero. A LoEj bit of one request that the medium be loaded if the start bit is one.
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2.1.7.5 READ TOC Command

The READ TOC command requests that the ATAPI CD-ROM Drive transfer data from

the table of contents to the Host Computer. Some drives will cache the TOC data and will

be able to return it during a Play command. Drives that do not cache the data will

generate an error and not complete the command.

Bil I ;
Byte : g 3 4 3 2 ! Q
[ Operation code (43h)
| Reserved MSF Reserved
ket
2 Reserved I Fomat
3 Reserved
4 Resarved
3 Reserved
0 Startng Track /Sessicn Mumber
7 MSE Allocation Length
8 LsB
[ Format Reservaxd
[ Reserved
11 Reszrved

2.1.7.6 READ SUB-CHANNEL C

ommand

The READ SUB-CHANNEL command requests that the ATAPI CD-ROM Drive return
the requested sub-channel data plus the state of play operations.

Rit y i
7 4] & 3 3 2 1 {

Byle f

1] Uperation excks (4201

| Reserved WSF Reserved

Alamheay
2 Rarservedd Subtl Reserved
Ny

K Sub-channel Data Format

4 Resered

3 Reserveid

i Track Number

7 MSE Allocation Lenath

8 .33

q Resenved

10 Reserved

11 Reserved

Sub-channel data returned by this command may b

encountered by a current or previous media
-ROM Drive may access the media to rea

play operation, the ATAPI CD

data. The ATAPI CD-ROM Drive is responsible for ens

_current and consistent. [4]

e from the last appropriate sector
accessing operation. When there is no current
d the sub-channel

uring that the data returned are
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2.2 PIC Microcontroller:

Stand alone CD drive needs a microcontroller with large number of 10 ports, internal

memory, converters, timers and communication units. So, this project is supported by the

PIC (Peripheral Interface Controller) as an optimal choice.

2.2.1 Device Features
In general, the PIC has the following features:
e Five 10 Ports, port A,B,C,D,E
o 10-bit Analog-to-Digital Module, 8 input channels
o Data Memory (368 bytes)
« EEPROM Data Memory (256 bytes)
o Flash Program Memory (8k)
o Serial Communications (MSSP,USART)
¢ Parallel Communication (PSP)
e Three Timers
o Instruction Set (35 instructions)
e Interrupts (15)
o Analog Comparator (2)

Peripheral Features:

« Timer0: 8-bit timer/counter with 8-bit prescaler

o Timerl: 16-bit timer/counter with prescaler, can be incremented during Sleep via
external crystal/clock

o Timer2: 8-bit timer/counter with 8-bit period register, prescaler and postscaler

« Universal Synchronous Asynchronous Receiver Transmitter (USART/SCI) with 9-bit

address detection
 Parallel Slave Port (PSP) — & bits wide with external RD, WR and CS controls (40/44-

pin only)
» Brown-out detection circuitry for Brown-out Reset (BOR)
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Analog Features:

. 10-bit, up to 8-channel Analog-to-Digital Converter (A/D)
. Brown-out Reset (BOR)

. Analog Comparator module with:
- Two analog comparators
- Programmable on-chip voltage reference (VREF) module

_ Programmable input multiplexing from device inputs and internal voltage reference

- Comparator outputs are externally accessible

High-Performance RISC CPU:

« Only 35 single-word instructions to learn

» All single-cycle instructions except for program branches, which are two-cycle

« Operating speed: DC — 20 MHz clock input DC — 200 ns instruction cycle

« Up to 8K x 14 words of Flash Program Memory, Up to 368 x 8 bytes of Data Memory
(RAM), Up to 256 x 8 bytes of EEPROM Data Memory

Special Microcontroller Features:

- 100,000 erase/write cycle Enhanced Flash program memory typical
+ 1,000,000 erase/write cycle Data EEPROM memory typical

» Data EEPROM Retention > 40 years

« Self-reprogrammable under software control

« In-Circuit Serial Pro gramming™ (ICSP™) via two pins

« Single-supply 5V In-Circuit Serial Programming

- Watchdog Timer (WDT) with its own on-chip RC oscillator for reliable operation
» Programmable code protection

« Power saving Sleep mode

« Selectable oscillator options

« In-Circuit Debug (ICD) via two pins
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CcMOS Technology:

« Low-power, high-speed Flash/EEPROM technology
« Fully static design

. Wide operating voltage range (2.0V to 5.5V)

. Commercial and Industrial temperature ranges

. Low-power consumption

2.2.2 Memory Organization
There are three memory blocks; the program memory and data memory have separate
buses so that concurrent access can occur. The third memory is EEPROM data memory

block

Program Miemory Organization

The PIC16F877 devices have a 13-bit program counter capable of addressing an 8K word
x 14 bit program memory space. The PIC16F877 devices have 8K words x 14 bits of
Flash program memory. Accessing a location above the physically implemented address

will cause a wraparound.

Data Memory Organization

The data memory is partitioned into multiple banks which contain the General Purpose
Registers and the Special Function Registers. Bits RP1 (Status<6>) and RPO (Status<5>)
are the bank select bits. Each bank extends up to 7Fh (128 bytes). The lower locations of
each bank are reserved for the Special Function Registers. Above the Special Function
Registers are General Purpose Registers, implemented as static RAM. All implemented

banks contain Special Function Registers. Some frequently used Special Function

Registers from one bank may be mirrored n another bank for code reduction and quicker

access.
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EEPROM and Flash Program Memory

The data EEPROM and Flash program memory is readable and writable during normal
operation. This memory is not directly mapped in the register file space. Instead, it is
indirectly addressed through the Special Function Registers.

The EEPROM data memory allows single-byte read and write. The Flash program
memory allows single-word reads and four-word block writes. Program memory write
operations automatically perform an erase-before write on blocks of four words. A byte
write in data EEPROM memory automatically erases the location and writes the new data
(erase-before-write). The write time is controlled by an on-chip timer. The write/erase
voltages are generated by an on-chip charge pump, rated to operate over the voltage
range of the device for byte or word operations.

When the device is code-protected, the CPU may continue to read and write the data
EEPROM memory. Depending on the settings of the write-protect bits, the device may or
may not be able to write certain blocks of the program memory; however, reads of the
program memory are allowed. When code-protected, the device programmer can no
longer access data or program memory; this does NOT inhibit internal reads or writes. [6]
For reading and writing from and to operations flash program and EPROM memory, se€

appendix.

2.2.3 Special Function Registers
The Special Function Registers are registers used by the CPU and peripheral modules for
controlling the desired operation of the device. These registers are implemented as static

RAM. The Special Function Registers can be classified into two sets: core (CPU) and

peripheral.

o Status Register
The Status register contains the arithmetic status of the ALU, the Reset status and the

bank select bits for data memory.

The Status register can be the destination for any instruction, as with any other register. If

the Status register 1is the destination for an instruction that affects the Z, DC or C bits,

then the write to these three bits is disabled.
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These bits are set or cleared according to the device logic. Furthermore, the TO and PD

bits are not writable, therefore, the result of an instruction with the Status register as
destination may be different than intended.

o OPTION REG Register
The OPTION REG Register is a readable and writable register, which contains varicus
control bits to configure the TMRO prescaler/WDT postscaler (single assignable register

Jnown also as the prescaler), the external INT interrupt, TMRO and the weak pull-ups on
PORTB.

e INTCON Register

The INTCON register is a readable and writable register, which contains various enable
and flag bits for the TMRO register overflow, RB port change and external

RBO/INT pin interrupts.

e PIE1 Register

The PIE1 register contains the individual enable bits for the peripheral interrupts.

o PIRI1 Register

The PIR1 register contains the individual flag bits for the peripheral interrupts.

e PIE2 Register

The PIE? register contains the individual enable bits for the CCP2 peripheral interrupt,

the SSP bus collision interrupt, EEPROM write operation interrupt and the comparator

interrupt.

o PIR2 Register

The PIR2 register contains the flag bits for the CCP2 interrupt, the SSP bus collision

interrupt, EEPROM write operation interrupt and the comparator interrupt.
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e« PCON Register

The Power Control (PCON) register contains flag bits to allow differentiation between a

power-on Reset (POR), a Brown-out Reset (BOR), a Watchdog Reset (WDT) and an
external MCLR Reset.

¢ PCL and PCLATH

The Program Counter (PC) is 13 bits wide. The low byte comes from the PCL register
which is a readable and writable register. The upper bits (PC<12:8>) are not readable, but

are indirectly writable through the PCLATH register. On any Reset, the upper bits of the
PC will be cleared.

o Indirect Addressing, INDF and FSR Registers

The INDF register is not a physical register. Addressing the INDF register will cause
indirect addressing. Indirect addressing is possible by using the INDF register. Any
instruction using the INDF register actually accesses the register pointed to by the File
Select Register, FSR. Reading the INDF register itself, indirectly (FSR = 0) will read
00h. Writing to the INDF register indirectly results in a no operation (although status bits
may be affected). An effective 9-bit address is obtained by concatenating the 8-bit FSR
register and the IRP bit (Status<7>).

2.2.4 1/O PORTS

Some pins for these /O ports are multiplexed with an alternate function for the peripheral

features on the device. In general, when a peripheral is enabled, that pin may not be used

as a general purpose /O pin.

o PORTA and the TRISA Register
PORTA is a 6-bit wide, bidirectional port. The corresponding data direction register is
TRISA. Setting a TRISA bit (= 1) will make the corresponding PORTA pin an input (i.e.,

put the corresponding output driver in a High-Impedance mode). Clearing a TRISA bit (=
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0) will make the corresponding PORTA pin an output (i.e., put the contents of the output
Jatch on the selected pin).

Reading the PORTA register reads the status of the pins, whereas writing to it will write
to the port latch. All write operations are read-modify-write operations. Therefore, a write

to a port implies that the port pins are read; the value is modified and then written to the

port data latch.

o PORTB and the TRISB Register

PORTSB is an 8-bit wide, bidirectional port. The corresponding data direction register is
TRISB. Setting a TRISB bit (= 1) will make the corresponding PORTB pin an input (i.€.,
put the corresponding output driver in a High-Impedance mode). Clearing a TRISB bit (=
0) will make the corresponding PORTB pin an output (i.e., put the contents of the output
latch on the selected pin).

Three pins of PORTB are multiplexed with the In-Circuit Debugger and Low-Voltage
Programming function: RB3/PGM, RB6/PGC and RB7/PGD. Each of the PORTB pins
has a weak internal pull-up. A single control bit can turn on all the pull-ups. This is
performed by clearing bit RBPU (OPTION_REG<7>). The weak pull-up is automatically
turned off when the port pin is configured as an output. The pull-ups are disabled on a
Power-on Reset.

RBO/INT is an external interrupt input pin and is configured using the INTEDG bit
(OPTION_REG<6>).

Four of the PORTB pins, RB7:RB4, have an interrupt-on-change feature. Only pins
configured as inputs can cause this interrupt to occur (i.e., any RB7:RB4 pin configured
as an output 1s excluded from the interrupt-on-change comparison). The input pins (of

RB7:RB4) are compared with the old value latched on the Jast read of PORTB.

The “mismatch’ outputs of RB7:RB4 are OR’ed together to generate the RB port change

interrupt with flag bit RBIF (INTCON<0>).

o PORTC and the TRISC Register
PORTC is an 8-bit wide, bidirectional port. The corresponding data direction register 1s

TRISC. Setting a TRISC bit (=1) will make the corresponding PORTC pin an input (i.e.,
® o
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put the corresponding output driver in a High-Impedance mode). Clearing a TRISC bit (=

0) will make the corresponding PORTC pin an output (i.e., put the contents of the output
Jatch on the selected pin).

o« PORTD and TRISD Registers

PORTD is an 8-bit port with Schmitt Trigger input buffers. Each pin is individually
configurable as an input or output. PORTD can be configured as an g8-bit wide

microprocessor port (Parallel Slave Port) by setting control bit, PSPMODE (TRISE<4>).
In this mode, the input buffers are TTL.

e« PORTE and TRISE Register

PORTE has three pins (REO/RD/ANS, RE1I/WR/AN6 and RE2/CS/AN7) which are
individually configurable as inputs or outputs. These pins have Schmitt Trigger input
buffers.

The PORTE pins become the /O control inputs for the microprocessor port when bit
PSPMODE (TRISE<4>) is set. In this mode, the user must make certain that the
TRISE<2:0> bits are set and that the pins are configured as digital inputs. Also, ensure
that ADCONT1 is configured for digital VO. In this mode, the input buffers are TTL.
PORTE pins are multiplexed with analog inputs. When selected for analog input, these
pins will read as ‘0’s. TRISE controls the direction of the RE pins, even when they are

being used as analog inputs. The user must make sure to keep the pins configured as

inputs when using them as analog inputs.

2.2.5 Analog-to-Digital Converter (A/D) Module
The Analog-to-Digital (A/D) Converter module has eight inputs for the 40/44-pin

devices.

The conversion of an analog input signal results in 2 corresponding 10-bit digital number.

The A/D module has high and low-voltage reference input that is software selectable to

some combination of VDD, VSS, RA2 or RA3.
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The A/D converter has a unique feature of being able to operate while the device is in

Sleep mode. To operate In Sleep, the A/D clock must be derived from the A/D’s internal
RC oscillator.

The A/D module has four registers. These registers are:
. A/D Result High Register (ADRESH)

. A/D Result Low Register (ADRESL)

. A/D Control Register 0 (ADCONO)

« A/D Control Register 1 (ADCONI)

The ADCONO register controls the operation of the A/D module. The ADCON1 register
configures the functions of the port pins. The port pins can be configured as analog inputs
(RA3 can also be the voltage reference) or as digital I/O.

The ADRESH: ADRESL registers contain the 10-bit result of the A/D conversion. When
the A/D conversion is complete, the result is loaded into this A/D Result register pair, the
GO/DONE bit (ADCONO0<2>) 1s cleared and the A/D interrupt flag bit ADIF is set.

After the A/D module has been configured as desired, the selected channel must be
acquired before the conversion is started. The analog input channels must have their

corresponding TRIS bits selected as inputs.

To do an A/D Conversion, the following steps are taken into account:

1. Configure the A/D module:
« Configure analog pins/voltage reference and digital /O (ADCON1)

» Select A/D input channel (ADCONO)

« Select A/D conversion clock (ADCONO)
« Turn on A/D module (ADCONO)

2. Configure A/D interrupts (if desired):

» Clear ADIF bit

* Set ADIE bit

» Set PEIE bit

* Set GIE bit

3. Wait the required acquisition time.
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4. Start conversion:

« Set GO/DONE bit (ADCONO)

5 Wait for A/D conversion to complete by either:

« Polling for the GO/DONE bit to be cleared (interrupts disabled); OR

. Waiting for the A/D interrupt

6. Read A/D Result register pair (ADRESH: ADRESL), clear bit ADIF if required.

7. For the next conversion, go to step 1 or step 2 as required. The A/D conversion time
per bit is defined as TAD.

2.2.6 Timers

o Timer0 Module :

The Timer0 module timer/counter has the following features:
« 8-bit timer/counter

« Readable and writable

- 8-bit software programmable prescaler

« Internal or external clock select

» Interrupt on overflow from FFh to 00h

- Edge select for external clock

Timer mode is selected by clearing bit TOCS (OPTION_REG<5>). In Timer mode, the
Timer0 module will increment every instruction cycle (without prescaler). If the TMRO
register is written, the increment is inhibited for the following two instruction cycles.

The user can work around this by writing an adjusted value to the TMRO register.

Counter mode is selected by setting bit TOCS (OPTION_REG<5>). In Counter mode,

Timer0 will increment either on every rising or falling edge of pin RA4/TOCKI. The

incrementing edge 1S determined by the Timer0 Source Edge Select bit, TOSE

(OPTION_REG<4>). Clearing bit TOSE selects the rising edge.
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e Timerl Module:

The Timerl quule 1s a 16-bit timer/counter consisting of two 8-bit registers (TMR1H
and TMRIL) which are readable and writable. The TMRI1 register pair
(TMR1H:TMR1 L) increments from 0000h to FFFFh and rolls over to 0000h. The TMR1
interrupt, if enabled,

is generated on overflow which is latched in interrupt flag bit, TMRIIF (PIR1<0>). This
interrupt can be enabled/disabled by setting/clearing TMR1 interrupt enable bit, TMR1IE
(PIE1<0>).

Timerl can operate in one of two modes:

« As a Timer

« As a Counter

The operating mode is determined by the clock select bit, TMR1CS (T1CON<1>).

In Timer mode, Timerl increments every instruction cycle.

Tn Counter mode, it increments on every rising edge of the external clock input.

Timer] can be enabled/disabled by setting/clearing control bit, TMR1ON (T1CON<0>).

e Timer2 Module:
Timer2 is an 8-bit timer with a prescaler and a postscaler. It can be used as the PWM

time base for the PWM mode of the CCP module(s). The TMR2 register is readable and

writable and is cleared on any device Reset.

The input clock (FOSC/4) has a prescale option of 1:1, 1:4 or 1:16, selected by control
bits

T2CKPS1:T2CKPS0 (T2CON<1:0>).

The Timer2 module has an 8-bit period register, PR2.

Timer2 increments from 00h until it matches PR2 and then resets to 00h on the next

increment cycle. PR2 is a readable and writable register. The PR2 register is

Initialized to FFh upon Reset.

The match output of TMR2 goes through a 4-bit postscaler (which gives a 1:1 to 1:16
TMR2 interrupt (latched in flag bit, TMR2IF (PIR1<1>)).
ng control bit, TMR20N (T2CON<2>), to minimize

scaling inclusive) to generate 2
Timer2 can be shut-off by clearl

power consumption.
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2.2.7 Instruction Set Summary

The PIC instruction set is highly orthogonal and is comprised of three basic categories:

. Byte-oriented operations
. Bit-oriented operations

. Literal and control operations

Each instruction is a 14-bit word divided into an opcode which specifies the instruction
type and one or more operands which further specify the operation of the instruction.

The format for each category is presented in Figure 2.3.

Byta-oriznted file registsr apzrations
13 8 7 6 )
[ orcope e fFILE® |
¢l = o for destination W
o =1 for destination f
£ = 7-bil filz nzgistzr address

Eit- oria ntes file register eperations
13 10 9 7 a8 0

| opcoce  |biEIT =]  fFLES |

b = 2-bit bit addrzss
= 7-bit file regizler addrzss

Litaral and contred sppzrations

Sernera)
13 B 7 Q
[]' CPCODE kditzrals |

k = &-bil immediat value

A and SOTE instructions only

]

12 11D ;
[ opcooe [ k titeral; ]

k= 11-bit immadiate valu=

Figure 2-3: Instruction formats

For byte-oriented instructions, ‘f” represents 2 file register designator and‘d’ represents a

destination designator. The file register designator specifies which file register is to be

used by the instruction. The destination designator specifies where the result of the

operation is to be placed. If'd’ is zero, the result is placed in the W register. If ‘d’ is one,

the result is placed in the file register specified in the instruction.
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For bit-oriented instructions, ‘b’ represents a bit field designator which selects the bit

affected by the operation, while ‘f* represents the address of the file in which the bit is
located.

For literal and control operations, ‘k’ represents an eight or eleven-bit constant or literal
value.

One instruction cycle consists of four oscillator periods; for an oscillator frequency of 4
MHz, this gives a normal instruction execution time of lus. All instructions are executed
within a single instruction cycle, unless a conditional test is true, or the program counter
is changed as a result of an instruction. When this occurs, the execution takes two

instruction cycles with the second cycle executed as a NOP. [5]

2.3 LCD Dispiay
One of the first things people want to interface to a design is an LCD display, both to
help with debugging their programs and as a way to provide results to the outside world.

Most text displaying LCD's are based on the LCD controller.

This controller takes care of all the multiplexing and the peculiarities required by the

LCD display and provides a low level command interface for certain actions like screen

clearing, cursor shape and size, character displaying etc.

The LCD controller communicates with the host Micro controlling Unit through an 8 bit

bi-directional interface (D0-D7) and 3 control lines (E, RS, RW).

LCD's are slow devices when compared to microcontrollers. Special attention must be

paid so the commands and data are not send too quickly from the Micro controlling Unit,

and the designer must control the communication speed and timing using latching devices

to ensure that the slow LCD and the fast Micro controlling Unit stay synchronized.
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The LCD module contains 3 different functional blocks: The Character Generator ROM

(CG-ROM), the character generator RAM (CG-RAM) and then Display Data RAM (DD-
RAM).

The ROM character generator is factory programmed and contains the 208 characters to

be displayed.

The CG-RAM allows the user to define up to 8 special characters that are not included in
the CG-ROM.

The DD-RAM holds the characters that are actually displayed in the LCD
Both the CG-RAM and DD-RAM can be read and written (through commands) by the

Micro controlling Unit.
The most important of the function blocks is the DD-RAM. This has to do with the way

that is implemented and sometimes is different from LCD to LCD depending on how

many lines by how many rows the LCD can display the DD-RAM address changes. (6]
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Chapter Three

Design Concepts

3.1 Project Objectives

The system is considered to have many objectives, these objectives are:-

¢ Driving a stand alone CD-Drive using microcontroller.

o Controlling of a CD-Drive using control buttons. This controlling is described

by the following aspects:

I
2

L.

(U'S)

4.
5

Play and stop track.

Increase and decrease the volume.

Selection between different playing tracks.

Retrieving and forwarding track.

Pause on and off.

o Develop an LCD display system connected to the CD-Drive.

o Amplifying the volume out from CD-Drive .

3.2 General Block Diagram

The following block diagram defines the general system components:

Figure 3-1: General Bl
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3.3 How System Works

The CD-Drive is the basic component in our system, that it will be driven as an audio
CD without the computer in order to act as a strand alone system
The system will use the microcontroller for this purpose and because the CD-Drive

needs to be connected to a display system and switches. So all the components that will

be used is connected to this microcontroller.

The user initiate the system using the power button, the PIC microcontroller will be
initialized so that the ports will be configured, the registers will be zeroed and the
analog to digital converter will be set.

Then the PIC microcontroller will initialize the CD drive by sending the 12 byte
command packet, and make a reset to the CD.

The PIC microcontroller will poll the state of the port which is connected to the push
buttons, in order to determine which function should be done.

This will be performed by comparing the result of the analog to digital converter “which

is connected to voltage divider circuit” by a stored value that indicate a specific

operation.

When the PIC microcontroller determines which Key is pressed, it will execute the

subroutine that corresponds to that operation.
Each subroutine will be executed by sending a special packet command to the CD Drive

command register. This packet command includes the operation code for the command

and some parameters related to operation itself.

According to the command in the Drive command register, it will reply for, and perform

the desired operation; if the command is Open then the media will be ejected, and so on.

r a reply for his request after pushin

d resulted from the speaker of the amplifier circuit.

So the user will wait fo g the desired button. And the

user will hear an amplified soun

y system that will guide the user during

The system also will introduce an LCD Displa

his trip with the Audio CD Drive System. 3 '
In addition to that, the system will also allow the user to use all the existing features m

the CD-Drive such as, using headphones...
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Chapter Four

Hardware System Design

This chapter describes the main hardware components used during building the system. It

represents how these components are integrated to each other. A block diagrams and

general schematic diagrams will describe this system.
The main hardware components in the system are:

CDROM-IDE 40-Pin Connector
PIC Microcontroller

LCD Display

Amplifier

Input Switches

N N

Cables and Connections

4.1 Design Options

4.1.1 The microcontroller

There are many microcontrollers that have the required construction and operations to
fulfill the system needs.
1. PIC microcontroller

2. 8051 Chip

PIC Microcontrolier

The option of choosing the PIC Microcontroller refers to its existence in our city. Also,

because PIC Microcontroller owns the required IO ports and some internal chips that the

system needs, without any external circuits t0 add.

To view the features of the microcontroller see page 34.
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e 4

8051 Microcontroller
It can support this project, but there is a need to add additional chips, such as analog to
digital converter, also mapping is needed .

The component of typical 8051

- CPU with Boolean processor

- 5 or 6 interrupts: 2 are external, 2 priority levels

-2 or 3 16-bit timer/counters

- Programmable full-duplex serial port (baud rate provided by one of the timers)
- 32 1/O lines (four 8-bit ports)

-RAM

- ROM/EPROM in some models

Stand alone CD drive need a microcontroller with large number of IO ports, in order to
connect the IDE connector, LCD and switches to control the CD drive.

Also internal memory is needed, and other common microcontroller features.

PIC microcontroller is chosen because it provides much more features that do not exist in
8051 microcontroller, the most important one is the large number of 10 ports, and this
will allow connecting the LCD display with one of the input ports.

In addition, the PIC microcontroller provide analog to digital converter that is important

in this project, and the feature of low power consuming, encourage amy designer to

choose it.
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4.1.2 The Programmer

Inorder to butn our software program into the PIC microcontroller, there is a need of a
hardware programumer that will install the hex file program into the PIC

The progranumer options are:

4.1.2.1 Companies Programmers product

The microchip company” The producer of the PIC” offers many suitable programmers
Such as Microchip PIC-Start which runs about $200.

Or programmers from Australian company “Newfoundland” that makes a compatible
programmer that does everything the Microchip programmer does and then some for

$100. The advantage to this sort of programmer is that you can use it directly with
MPLAB.

4.1.2.2 In-Circuit Serial Programming

When this circuit has been built, the programmer is needed once to set up the PIC with a
small booter called boot loader, and all other programming will be via this circuit.

A serial port communication will be used with the PC, and small software that will

download the hex file program to the PIC.

The circuit uses a MAX232 5V to RS232 converter chip, this converts the 0-5V..TTL
Jevels at the PIC pins to the +12V/-12V levels used in RS232 links. As is common with
these devices it inverts the data during the conversion, the PIC USART hardware 1s

designed to take account of this - but for software serial communications you need to

make sure that you invert both the incoming and outgoing data bits.

The two closed links on the RC7 and RCO lines are for connection to the 16F876 board

(the 16F876 uses RC6 and RC7 for its USART connection), and are the two top wire

ew of the board below. The two open links on the RC1 and RC2

board (the 16F628 uses RB1 and RB2 for it's USART

links shown on the top Vi
lines are for the 16F628

connection.

54




The used software is called downloader that downloads in few seconds the desired
program.

_ Search (F2)

'qut;l;U}x'11 ~ [19200 | Bd [ EEPROM

Cancel (ESC)

. ©2000EHL elektiorika, Petr Kelomaznik
http:fewehlez/pic FREEW{ARE

Figure 4-1: Serial programmer Interface

4.1.1.3 Parallel Port Programmer

This programmer can be easily built with a few components, and can be used to program
the PIC without the need of the programmer at all!!

Special software is needed only; this software is Windows based software to control a
development programmer for PIC microcontrollers. In order for this software to operate

we have to attach a programmer to the computer and set up the hardware & software

appropriately.
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Figure 4-2: Parallel programmer Interface

Which programmer did we use and why?
1. We use parallel port programmer, because:
% Easy to build
* Do not need the programmer at all
% Has free software
% Support many version of PIC microcontroller

% Allow to read, program, verify and erase the PIC microcontroller

2. We try to use the In Circuit Serial Programming, but some problems faces us

because:

% It needs a programmer once, to burn the boot loader into the PIC
% The boot loader does not burned at the desired address

3. The choice of company produced programmer is abandoned be

available in our city.
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4.2 System Block Diagrams
4.2.1 General System Block Diagram

LCD Display
PIC Microcontroller

cichl

IDE Connector

/./A\—l N\ POH B y
N . /
Control ERRE r——
Port C
Port D
Port E

Speaker Amplifier CD-Drive L

q l

Figure 4.3: System Block Diagram
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42.2 Block Diagram for PIC and IDE Connector

PIC Microcontroller
IDE Connector

Control signals
Port A Control

data
Port B

Figure 4.4: PIC_IDE Block Diagram

4.2.3 Block Diagram for PIC and LCD Display

PIC Microcontroller

LCD Display

Control

g -
D Block Diagram

Figure 4.5 pPIC_LC
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4.2.4 Block Diagram for Audio Connection

Speaker
P Amplifier CD-Drive
Audio Out ¢ : g
Sdlsou Audio In BAE
\\
\ 0

Sound card audio~. | /

connector

Figure 4.6: Audio Block Diagram

4.2.5 Block Diagram for PIC and Control Buttons

PIC Microcontroller Key Pad
\ . Voltage E _o_]_o_ LCD info
Coﬁ{grter | porta
[ r _O_J_o_ Open/Close
_:Lo_ Previous
_@J_O_ Next
_]_c_ Play/Off
_L:F— Pause
L-——__/_—_—J

Figure 4.7: Control Buttons Block Diagram
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4.3 System Circuits
43.1 Interface Circuit of PIC & IDE Connect
or
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ps2cUoUTH o
b
ReD S—=
RA1 —}‘—}EE%.J
RA2 t——Eal A
RAT 2 IDE A2
RAWTOCH H——— OB A
Ty L AL %%F oM
N EP E_CONNECTOR
R E001_/[\___IDERST
RiZ oo —EDIZ A Ebm Y1 2p—=
RE3 [ IDEDW /v DEDE oo ‘R IDE 008 1
RE4 (T DE D \—mEoE—9s & P——mEom
RES [oa——DEhz /A peone o' BP EO /]
RES |- DEn TOE 5%1 np DEDI1 o
RET E \ IDE DO2 12 Rtk SO RL _ _/
\__IUE-SDT—G 13 TR IDE D13 J
RCOTIDSITICK 3 pEDm A DEDm o5 BE L
RCY/T1080 [Je—BEDE I_at  8p—1C0 5 A
AZ2CCP 1 LELT - EEoc ap—
e RONELKECL [ E [\, IDENIW ) pe—r
—°] MELRAED RCABDI 57 EDTZ AP WEMR 2 Ap—H
T oo FOSS00 Fas——BEDE, e ge B
RCH ) =4 [ pud .2? 3 p—i0
Rl [E0 MEDE /b mieh 92 TR0
RDOPSAO (25— S e ] L.
ROAPSPI o3 THE | —
ROZPS P2 39 < [— 33 g p—=
RDAPSPA 7 e 5
ROWPSPL 55 | DER 202
Roshets 1 T e
RS e =
e o0 | IDEmST/p = i
= INTSTATUS  4TOR
REMRD (5—
REAME —m—i
RE2CS |-
LG FerT 1 R
N T ““

STATUS  T0R

Figure 4.8: Interface Circuit of PIC & IDE Connector

peration of the system through the interface signals and

This circuit describes the basic 0
data between the PIC and the IDE connector of the drive .It has 2 LED flags that tell us

status of the PIC and the drive.

As its clear, port A of PIC is used for addresses and read or write signals transferred to

the drive. Port B and port C are used for data transfer.
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E microcbﬂu'ouef will activate the IOW signal and
send a CHECK STATUS

via the
command packet via the data bus, and then the PIC will activate :
o read the drive status. 1¢ IOR signal in order

[f the drive 1S not busy, the PIC will again activate the QW signal to send th
‘ : 11
associated with the specified operation. e

43.2 Interface Circuit of PIC & LCD Display

PIC16F877

0SC2/CLKOUT

RAO
RA1

RA2

RA3
RA4/ITOGKL
RA5/SS

RBO/INT

RB1
o RB3
RB4
DBO RB5
DB1 RB6
DB2 RB7

DB3 ’
Dg4 LCD DO RCO/T10SI/T1CKI
RC1/T10SO
pB5| _LCD D1

RC2/CCP1

pBs| _LCD D2 o
pB7[_LCD D3 | [ 3/SCK/SCL
'—1-3'0 MCLR/Vpp RC4/SDI
> OSC1/CLKIN RC5/SDO
RC6

Awumwmgw ~lolo]|sw|n =
(=] (7o) (o= B (o] (33 (%] S

O|0|0|0

(=] (7o) P (821 E39 (28] (5 ] (=2 o)

7
pn | _LCDRS RE
RW[ LCD RW 8 i

CK

RD1/PSP1
RD2/PSP2
RD3/PSP3
YO RD4/PSP4
RDS/PSP5
VDD RD6/PSP6
RD7/PSP7

m
—
O
O

I[N
o|w|o|N|N|—

VSS

| \L.

REO/RD
RE1/WR [0 LCD CK

e
2ines X 16 chrs L/’Rizﬁs_[f

& LCD Display

Figure 4.9: Interface Circuit of PIC
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.rocontroller will activate t} :
The microCor ¢ IOW signal ang send
a CHECK STATUS

COmmand packet via the data bus, and then the PIC will activate the IOR signal i
(o read the drive status. signal in order

If the drive 15 1Ot busy, the PIC will again activate the 10V signal to send the command
. man
associated with the specified operation.

%3.2 Interface Circuit of PIC & LCD Display

PIC16F877
0SC2/CLKOUT4—4—
RAO |2
RAT [
RA2 [
RA3 [
RA4/TOGKL [
RA5/SS —
RBO/INT %
RB1 35
RB2 B
LCD RB3 (57—
RB4 35
DBO RB5 [3g
RB6
DB1 RB7 40
DB2 : i
DB3 RCO/T10SI/T1CKI
DB4| LCD DO RC1/T10SO 3
DB5| LCD D1 RC2/CCP1 33
pBs[_LCD D2 ] RC3/SCK/SCL 53
pB7| _LCD D3 _71_3.0 MCLR/Vpp RC4/SD! 5z
—13 L0SC1/CLKIN  RC5/SDO [55
RC6 |56
RC7
D LCD RS 19 LCD DO
R/W[ LCD RW RDO/PSPO [2g LCD D -
E LCD CK RD1/PSP1 [1 LCD D
RD2/PSP2 53 LCD D3
RD3/PSP3 57
VO RD4/PSP4 28
RD5/PSP5 59
RD6/PSP6 [~30
vele RD7/PSP7 30
pot D RS
VvssS REO/RD 5 [CDRW
RREézl)Acl% 10 LCD CK_
2lines X 16 chrs L/_h

& LCD Display

Figure 4.9: Interface Circuit of PIC

61




Here is the mter face between the microcontroller and the dj ;
i infomation A Aon k- ;splay unit which is LCD. The
- Y PIC to be displayed on the
The LCD communicates with the microcontroller through an 4 bit bi-directional

ctional interface

(D4-D7) taking into account that the system designer is "low" on /O Ii
Jimes (B, RS, RW). n I/O lines and 3 control

by the control signals, and a clock is supported to synchronize the transfer because of

slowness of LCD compared to microcontrollers.

4.3.3 Interface Circuit of Keypad & PIC
PIC1BFE?7

08C2/CLKOUT ‘1

=
By
H

J_

KEYS

LL’

KEYPAD

VCC"T—'\N LCD INFO
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el
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¢ é.
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| Bje

!

RBOANT
Rot
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€D
(=2

‘\w\
co|=~
£33

B

\e

Efl?

RE0TIOSHTICK] PUSH

FCH‘HDQD
RCZICTP1

L il== RC2ISCRISCL
S| MCLRAhp RCA/SDI
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H

oy
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5 ¢
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TRACI‘.

‘ So=o iy pLAE/eTIP

\'.Q
b
e

0|
{8

1) 3?

18 o O——==1

RO0/PSPD o0 =
ROUPSPT o7 USH
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RO7PSFT ’ ¥
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__D-—
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Figure 4.10: Interfac

e Circuit of Keypad & PIC
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d is represented b oot
The keyP? : Y a voltage divider structure where eacl
2 ‘e each control button

epresents 2 specific value of voltage to define its task to the A9
rocontroller.

ihis voltage is analog, the A/D converter i
As ] €r mn the PIC translates the voltage to the
desired operation.

e provided control buttons are to start and stop the play of the CD, pause, and displ
1 > , an
nfo. And also to view next track and previous track isplay

4.3.4 Audio Amplifier with CD-ROM Drive Circuit

J1

AUDIO AMPLIFIER

1 @ND

SN WD

»>CO-© 0O

CON4

————

+INA  OUTA 7
-INA OUTB
+INB
-INB

Lo (5,0 ST (2]

J2‘—r
Fr 7]

SN WS

o —B 1 wvce
-VCC/GND

>CO-OZ

CON4
TDA2822M

Figure 4.11: Audio Amplifier with CD-ROM Drive Circuit

The amplifier is connected to the CDROM drive audio connector It is connected to the

Audio IN con4 to enlarge the qudio signal out of the drive, taking it to the Audio OUT

con4 which is may be connected to a speaker or headphones.
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4.4 prograpmer Circuits

44.1

In Circuit Serial Programming Circuit
gxlss \EEEc
R MAX232 1
o=
A= 2
o137 b 10 0]
G | ool
o— 15— 5 4
—li‘oq__ 11 —
) G oo
——o 00
A‘{>Q_ 12 o515+
L cs
T 47uF 8 9
SE 16l ca-pu+ _1_@ C1
Cc3 2| p34p01- LJ 18uF
ZZ“FE—I 61ca-c2+l
o l 15 ) ca+c2- |5 s c2
1BuF
zzuT FlT
Figure 4.12: In Circuit Serial Programmer
44.2 Parallel Port Programmer
Power Circuit
o Vpp 13.% ¥ 16
15 ’ 17 78105
Ul 78L1Z &
IN 0UT
.___§{——————IH 0T
F
=, s
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4-13: parallel progra
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, Pprogrammer Circuit

rallEl port sackeat

—oData (40)

Fa
Jl
o | Vdd Sv
’-0 4
e | R { g
—1|° —
e o |- < Rl
| el ACK {10) ?101{ Ula
| — : oll- i [
./': ° 2 ey \J
B b L o) 21 U1R
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Figure 4-14: Parallel programmer (2)
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Software System Design

51 SOFTWARE IMPLEMENTATION OPTIONS

5.2 CDROM PROGRAMMING

5.3 SOFTWARE TOOLS

531 MPLAB Integrated Development Environment Software
532 IC-PROG PIC Programmer Software

54 GENERAL SYSTEM DIAGRAM

541 Key Update Flowchart
542 CDROM Update Flowchart
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Chapter Five

Software System Design

This chapter includes implementing the system from the programmi
ammmg

goftware System Implementation depends on CD

and software tools.

point of view.
-ROM programming, PIC programming

5.1 Software Implementation Options

The general software implementation may seem limited at a glance. Rather, when
scrutinize the available ways, some different options appear. There is more than one
software approach that can be adopted in order to fulfill the software implementation of
the system.
There are two programming languages that can support the system:

]. Cprogramming Language

7. PIC Assembly Programming Language, which is used in our application because it

is easy to deal with CD Drive registers.

5.2 CDROM Programming

A which essentially allows SCSI
be sent to ATA devices. ATAPI

ATAPI (ATA Packet Interface) is an extension to AT
commands (commands used to control gCSI devices) to

is used specifically for CD-ROM drives, which, when ‘
gCSI controllers were expensive, the

they first started appearing for

computers, were almost universally SCSI- Because
SCSI command set was eventually adopted for IDE, and typical CD-ROM drives today
use ATAPI. ATAPI basically uses "packets" (simil
letworking as it applies to TCP/IP, for example) 10 5€

Properly speaking, ATAPI is part of the EIDE (Enhanced

ar to the packet concept of computer

nd and receive data and commands.

IDE) standard.

67




: t to an ATAPI devi :
packet sen vice which contains g commangd ;
command pac - 1s called a com
Ket. These packets are written to the data register via tf mand
via the ATA interface,

TAPI devi
dﬂ at's how A 1ces receive their commands, The command pacl
nd packet has a 12-

dard format, and the first b
byte stan yte of the command
packet contains the ac
tual

The re
e ation code. (The remaining 11 bytes supply parameter info for the command.
at Jlthough the command packet is 12 bytes long, the packet is sent ;n i
, sent to the ATAPI
device through word writes, not byte writes. A "word" in PC assembly 1
anguage is 2

pytes, SO you'll actually send the 12-byte command packet in only 6 write operations

The noperation code" value you place in the ATAPI command packet is actually a SCSI
command code. You do not use ATA commands with ATAPI devices; ATAPI devices
use SCST commands. For example, the SCSI command to eject a CD-ROM drive tray is
ne "START/STOP UNIT" command, which is SCSI command 1Bh. Similarly, to get an
ATAPI CD-ROM drive to eject, you'd send it a command packet with 1Bh for an

operation code.

ATAPI contains several commands, but the most fundamental of these is the PACKET
command, which has an ATAPI opcode of AOh. The first step in sending a command to
an ATAPI device 1s to send it the PACKET command over the regular ATA command
register, just as the program above sends the IDENTIFY DEVICE command. Once this

PACKET command is sent, the ATAPI interface goes into a condition called HPDO:

Check Status A State, which means that the ATA controller is to wait for 400

nanoseconds, and then poll the status register until the BSY bit is zero. If the BSY bit is

one, the host is supposed to keep polling the status register until the BSY bit clears.

Once the BSY bit does clear (and DRQ is set to one), the ATAPI interface changes to
e, the host is suppose

: d to send the command
HPD1: Send Packet State. In this stat :

one byte at a time. When all the bytes of the

packet to the ATA controller's data register, s
transition 10 HPD2:

t i1s 1o either
[RQ Wait State (if nIEN is

< or to HPD3: IN
heck_Status B State (if nlEN is set to one); el b oo

S¢t to zero). Note that nlEN is the second

command packet have been sent,

_rightmost pit of tl
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.. You will note that this register is wr;
Register: I'is Write-only, so

fo set nIEN before you begin sending the ATAP] kel write to this register

If the host does transition to HPD3: INTRQ Wait State, all it's supposed to do j
0 do is wait for

INTRQ 0 be asserted. When INTRQ is asserted, then the host shall transiti
Check_Status_B State. ion to HPD2:

The HPD2: Check_Status_B State is where things get a little hairy. This is where you
check the status register, but there are a lot of condition bits you're supposed to check.
First of all, the ATAPI spec specifies that "When entering this state from the HP1 ... state,
the host shall wait one PIO transfer cycle time before reading the Status register. The wait

may be accomplished by reading the Alternate Status register and ignoring the result."

Once that's done, start checking the status register. First of all, if BUSY is set to 1, the
nost is not to leave the HPD2 state. The host is supposed to remain in HPD2 until BUSY

clears to zero.

Once BUSY is zero, check DRQ. If DRQ is set to one, then the host shall transition to yet
another state, called the HPD4: Transfer Data State. However, the only time you'd need
0 enter HPD4 is if DRQ is 1 during the HPD?2 State. If DRQ is zero now, you can skip
HPD4 altogether.

If both BUSY and DRQ are zero, then, the command is probably complete. Technically,

there are a few other things you'Te supposed to check, but we won't wWorry about those

now. [7]

5.3 Software Tools
531 MPLAB Integrated Develo
The MPLAB IDE software brings an

the 8/16-bit microcontroller market. T

pment Environment Software

ease of software deve

he MPLAB IDEis a Windows

Jopment previously unseen 11

® based application

that containg:
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. An interface 10 debugging tools

_gimulator

_ programmer (sold separately)

_ Emulator (sold separately)

_Jp-cirouit debugger (sold separately)

S full-featured editor with color coded context
. A multiple project manager

. Customizable data windows with direct edit of contents
« High level source code debugging

. Extensive on-line help

The MPLAB IDE allows you to:

« Edit your source files (either assembly or C)

. One touch assemble (or compile) and download to PICmicro emulator and simulator

tools

» Debug using:

- Source files (assembly or C)

_ Absolute listing file (mixed assembly and @)

- Machine code

532 IC-PROG PIC Programmer Software

" IC-Prog is Windows based software to control a developme
dge about electronics and

nt programmer for PIC

microcontrollers. To operate this software, a basic knowle

Windows is necess
ary.
attached to the computer

In order for this software to operate the programmer must be

and set up the hardware & software appropriately.
ME, NT, or 2000 and an
a universal programming

internal or external math

IC-Prog requires Windows 95 98,
coprocessor to operate. 1C-Prog has been designed as

application for all programmers.
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54 General System Diagram

The following diagram describes the sequence ip whicl
1 system proce
sses are executed

The Systemt is initialized by configuring the pIC /O ports

3 bl AD(: IeoiSteT
. : . 5 S Y CDROM
€ S1g c E‘d ateS y COIltIO

uttons and initializing the CDROM to read the first track . The CDROM i

oy . 1s reset, a
tandard 12byte block of data which is a command packet is written and the CDROM
egisters are initialized. The analog input port of the microcontroller is scanned and

compal'ed with specified values in order to determine which key is pressed and execute

he corresponding subroutine.

System
initialization

CDROM
Initialization

Key update

CDROM
update

LCD update

Figure 5-1: System flowchart
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< 4.1 Key ypdate Flowchart
3,’ .

When & key 18 pushed (updated), a key scan process is done to specify the next event by

checking the voltage on the port and beyond it, the event corresponding to the key
yoltage {s stored 1n a variable (kel). To perform the specified event

: , the new event -
ored in kel- is compared with the last one

—stored in ke2- so that its obvious what is the

S e

et step(change or not) .

Key scan

i

Key event = kel

el

NT

End Key update

t
Figure 5.2: Key update flowchar
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Start Key scan

Read Voltage

Sean Flowchart:

Key

If Pl
ay/Stop key v

voltage ?

If Open/Close Yes

kev voltage ?

If PauseON/OFF
Yes

key voltage ?

If Next key Y
€s

voltage ?

If Previous key Yes

voltage ?

If LCDdisplay
kev voltage 7

Yes

Store corresponding event in kel

Key scan flowchart

Figure 5-3:
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15 CDROM Update Flowchart

s occurred (key e
jran event (key event not equal zero) , the CpROY g
en to close it or oor status is che
whether its op 1 an event , otherwise check other key %
events and states to

jeterming the required task to be done (play/ Stop , pause on/off, previ
10us track, next track

or display LCD info.) . .‘Stan_ C??ROM Update |
|
i
. 'Ke e = = R
“ y vent 0?.—' B
nlo (’, End
':Qpen/close event?
i Yés
‘ ]
! g
- Open/close state? "t en imies - ~Clog8d——
| i o
; weed < Play/stop state? -~ Play
No i I L :
: I—-...-.‘Y__,__‘ L% |
i o | RS s
i l‘""'—"‘_“l St|°p Stop audio *
e e Open door' AL
X IPF e SR
"-‘Play/stop event? s Yes—— - 1
. Stop— " Play/stop state? _—-—Play
| i Y |
No et Y"”—'.l 2 ¢ AW Rt :
i ‘ Play audio | ' Stop audio |
4'; l{ e 1 £ feicad il
ST pause on/off event_?f = B Yesie ﬂ
i ] > o "i;-“ause on/off state’?' = ~0On
! oy ’ H
No e s 1 il
| “ ! | pause off |
Jl,. '\ Pause on | ! - .___..1
fiar) e
DROM update flowchart

Figure 5-4: C
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Previous event?

Yes . Decrement track
current number

No
current number
No

Display media info
on LCD

< LCDevent? o Yese
N

o]
error
( End )
NS

Figure 5-5: CDROM update flowchart cont.
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lementation and

Testing

6.1 INITIAL TESTING

61.1 CD Drive Testing

612 Microcontroiler Testing

613 Voitage Divider Testing

614 Amplification Circuit Testing

6.2 SYSTEM TESTING
621 Open CD Drive operation
622 Play Audio operation

623 Pause On Audio operation
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Chapter Six

Implementation and Testing

This chapter demonstrates the procedures used to test and examine the basi
. . : ; 1€ basic system
qibroutines- System testing 1s an important and crucial step in implementing a system. I
g a system. It

qenses the effectiveness of that system just before introducing it to its users

This system has more than one issue to be tested. Some testing parts reflect software
nardware. Also, testing procedures concentrate on a single device independent from the

over whole system.

Here are the testing issues. They are not ordered in any manner; rather they represent

some way of system integrity and operation:

6.1 Initial Testing

6.1.1 CD Drive Testing
The CD Drive is examined to play an audio CD by connecting a DC12V power supply,

and connecting the audio out port to the speakers.

6.1.2 PIC Microcontroller Testing

o verify the microcontroller operation, such as:

Some experiments are performed t
* Flashing LED Experiment
A4MHZ crystal is connected between pin 13

port pin RC4, the led cathode with 1K resistor and to the ground.

&14,and a led anode is commected to the

Here is the experiment code:

list =
P = 16F877 167877

include "p16£877.inc" i

19




USER RAM DEFINITIONS

: CBLOCK 0x20 ; RAM starts at address 20n
et

yalo

NpH2

W gnpC

i org 0x0000 i start address = 0000h
INITIALISE PORTS s

;bma“’used to see individual pin level

movlw b'00000000"
movwi PORTA
movlw b'00000000"
movwf PORTB
movlw b'00000000"
movwf PORTC
movlw b'00000000"
movwf PORTD
movlw b' 00000000
movwf PORTE

7 ULl iSerele omling = ey

psf STATUS,RPO ; set RAM Page 1 for TRIS registers

; INITIALISE PORTS
. binary used to see individual pin IO status

movlw b'00000000"' ; all IO pins = outputs
movwi TRISA

movlw b'00000000"

movwf TRISB

movlw b'00000000'

movwf TRISC

movlw b'00000000"

movwf TRISD

movlw b'00000000'

movwf TRISE

movlw b'00000110" . all analog pins = digital
movwf ADCON1

bcf STATUS,RPO ; back to RAM page O
i LED FLASH LOOP

loop  bsf PORTC, 4 , RC4 = high = led on
call Delay

bcf PORTC, 4 SRR@AR= Rl OWE= led off
call Delay
goto Loop

i 1/2 SEC DELAY SUBROUTINE WITH 4MHZ CLOCK

Delay  moviw 01h
movwf NbHi
movlw 03h
movwf NbLo
movlw 8Ah
movwf NaHi
movliw SBh
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movwE NaLo

ecfsz NaLo, F
goto peLoop0
gectsz NaHi, F
goto DeLooro
decfsz NbLo, F
goto DeLoop0
decfsz NbHi, F
goto DeLoop0

petooP?

retuxrn

end

pIC Analog 1o Digital Converter Module Experiment
This cireuit is built by connecting pin 1 = 5VDC and pin 2 = 0 - 5 VDC analog input
from potentiometer (center tap on 20k variable resistor).
A crystal of AMHz is connected between pin 13 and 14
The output will be seen on Port C, by connecting 330 ohm resistor in series with LED to

the ground.

The testing program code:

1ist p=16£877
include “p16f877.inc“

; Start at the reset vector

org 0x000
goto start
org 0x004
Interrupt
retfie
Start
bsf STATUS , RPO .pank 1
bcf gTATUS, RP1
it R e (7-0] outputs
movwf  TRISC sperte Wi . :
clrf ADCON1 ;left justifled, all inputs a/d
bct STATUS,RPO ;bank 0 g A =
movlw B'01000001" .Fosc/8 [7-61 a/D cho [5 3l 2
movwi ADCONO
Main
call ad_porte
goto Main
e .wait £Or acquision t;me (20uS)
i(non—crltica for this gest)
ion
bsf ADCONO , GO ;start a/D conversi®
i : i to complete
ptfsc  ADCONO,GO .wait £OF conversior
; ;
gOto wait .Write A/D result o PORTC
movE ADRESH, W i
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ovWES SREGERS

; LEDs
return
end
. y =
PIC—LCD pisplay Experiment
[}
PIC16F877
osca/cLkouT
RAOD
RA1 [
RA2 |+
RA3
RA4ITOGKL {5
RAS/ISS
RBO/INT ga
RB1 3%
RB2 3a
LcD RB3 3
RB4 (35
RBS |35
RB6
RB7 2
onios RCOTIOSITICKI 18
RC1/T10SO |3
DO RC2/CCP1 35
2 1) RC3/SCKISCL (53
39| MCLR/Vpp RC4/SDI (—52
¢ OSC1/CLKIN RCS5/SDO =355
RCS 36
RC7
--- 19 LCD DO
- m— [El=l=t g e Cco o1
] RD2/PSP2 |53 LoB B
RD3/PSP3
RDA4/PSP4 5§
RDS/PSP5 50
RD6/PSPS (50
RD7/PSPT
p— LCD RS
28
2nes X 16 chrs
1
==

Figure 6-1: PIC-LCD Display Circuit

The Testing Code:

TEMP equ 20h ; Temporary storage 1ocai}22
CHAR  EQU 21h .Character storage locatl
DAT EQU PORTD .1CD data port 9
CNTRL  EQU PORTE ;LCD cqntrol po

E EQU 3 ;LCD enablg signal

RN EQU 2 .1.CD R/W signal <

58 EQU i ; LCD register S€

*********

W to 1LCD *

***********

***********

ined in registe
;* gendChar - Sends character containé Sk

el
*********
;*“ﬁ*************************

*
;*“******************************

SendChar sent 18 % W
acter
movwE ;hii £ to be ready
call BusyCheck e
movE CHAR, W gata to
movwf = DAT 78.22(2 L,CD cad mode
bef CNTRL, RW ool ECREAE aata mode
bst CNTRL,RS ’
D
nop je B £OF LC
bsf CNTRL, E togg
nop
bef CNTRL, E
return
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R
”*********** Fkhkkkkkkhk ok ko kkkkkkkok ok kokok
¥ *kkkkkkk

; SendC“‘d - sends command contained in register W to LCD

**************** *
; *********** Khkkkkkkhhkhkhkhkhkkkkk
grxt %ok kok ok okok ok

cnd :
gend ovwE CHAR jCommand to be sent is in W
el pusyCheck ;Wait for LCD to be ready
movf CHARIW
movwiE DAT ;Send data to LCD
Sk CNTRL, RW ;Set LCD in read mode
pet CNTRL, RS ;Set LCD in command mode
nop
psf CNTRL, E ;toggle E for LCD
nop
pct CNTRL, B
return

***********************************************
LxxxEX

'+ This routine checks the busy flag, returns when not busy *

'+ Affects:

1

i TEMP - Returned with busy/address

i ********************************
LkkKE
1

kkkkkkkkk*k

*

*
**************************

Bus check
3 c PORTD :
pbst STATUS,RPO ;Select Reglster'page ik
movlw OFFh .get port D for input
movwi TRISD :
pbecf gTATUS, RPO ;Select Register page 0
bcf CNTRL, RS ;Set IL{@D) siehs command mode
bst CNTRL, RW .Setup tO read busy flag
nop '
bsf CNTRL, E .cet E high
nop
rr:\cc))l\)/f DAT, W ;Read pusy £lag:. pDram address
bct CNTRL, E .set E low
T)?Q;i TETN;&P 7 .Check Dbusy £l-a, nigh=busy
goto BusyCheck
TRL, RW , i
g:i S‘,NTATUS RPO ;select Register pagdc
moviw 000h o output
.Set port__D
D i : 0
Igogwf ggus RPO sefect: RegiERes i
c .
return **************
* %
*“******************************************* 7
; . odule B
i* This routine i hEefizesEEIS 1LCD m :
;* Affects: e e
i i us /addre kR EEEEE
':*** TEMP K Rettitif*‘ziiz*E**Z****************
i Kkkkkkk*Kk kKKK
LCDInit
bcf STATUS, RPO
clrf PORTE .
i r pag®€
clrf PORTD ;select Reglsr;;e\:pxﬁis
bsf STATUS, 5 ey o

movlw B‘OOOOOOOO'
movwi TRISD

movlw 5100000000 . sper pagde
movwE TRISE ;select Reg®

bef gTATUS , 5




c1rf

mo\’l W
movw B
nopP
psf
nop
pct

nov 1w
movwf
call
call
call
call
call
call

moviw
movwi
nop
psk
nop

return

SetupDelay
nop
decfsz
goto
return

end

uld be V
B‘OOOOlllO‘

;* This routin
. At aMhz clock,
.+ a value of 3 t0 S

. 1
i* a total taime of >
;********************

PORTE

B‘OOlllOOO‘
DAT

CNTRL, E
CNTRL, E

ox0

TEMP
getupbelay
getupbelay
getupbelay
getupbelay
getupbelay
getupbelay

B‘OOlllOOO‘
DAT

CNTRL, E

CNTRL, E

getupbelay

gendCmd

B‘OOOOOOOl'

Sended

B‘OOOOOllO‘

gendCmd

B‘lOOOOOOO'

gendCmd

;*******************************************

are delay-
jo) rakes 3uS;,
plus the move et

TEMP, F
SetupDelay

alid after this point

e is @ soft
the 100
ive 9uS.
10usS

*********************

i
7SR
; LCD to 8 bit interface

;toggle E for LCD

;Setup call to SetupDelay
iEach call to delay is
:0.771ms, six makes 4.6ms

i:izsswait is necessary because
i usy flag is not valid yet

i

;Function set to 2 lines
;of 5x7 bit chars

.toggle E for LCD

.Display ©On cursor on
;Clear display
.Set entry mode inc, 1O shift

;Address DDRam upper left

**********************

*

o initialize TEMP with.
€ should result e

************************
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3 yoltage pivider Circuit Testing

_2: Voltage Divider Circuit

Figure 6

ga switch 18 measured and found to be equal t0 the

oltage generated by pressin
the following equation:

I=5/7K=0.71 mA

The v
ted voltages depending on

EXpec
Vee=5v , Rtotal =7 KOhm,

Vout (S1) =3 — (e A29V
Measured Vout = 429V

Vout (S2) =3 B | (1K+1K) =13.58v
Measured Vout =3.57 V
Vout (83) =5 1 (1K+1K+1K) =287V

Measured Vout = 2.86 V
Vout (84)=5-1 (1K+1K+1K+1K) =216
Measured Vout =2.14 V

Vout (§5)=5 -1 (1K+1K+1K+1K+1K) =145V
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qured yout =1 43V

5057 (KRR RHR) =074
gsufﬁd vout =0 AN

4 Ampﬁﬁcaﬁon Circuit Testing

audio IN

sudio OWE

Figure 6-3 ¢ Amplification Circuit

The andio out of the CD Drive 1s an input to the amplifier chip , the voice cant be enlarged

and controlled via the potentiometers and out to the spealker .

6.2 System Testing

62.1 Open CD Drive Operation

: : :q val
De voltage equal to 3.57V is applied to port A pin2 of the PIC mlcrocontrouer, this value

Corresponds t0 open\close operation-

The Testing Code:
AtaCmdOpenDoOOXT :

movlw Ox1lb
movwf AtaPacket
movlw 0x%02
movwE AtaPacket+4
call AtaWritePacket
call AtaReadPacketEmpty
btfsc status,?

return

34




Vout =143V

Measufed

¥ -5~ LUSTSERE =y
o

\.(easured yout =071V

(14 smplification Circuit Testing

[___‘e_ IN1- QUT 1 E
IN1+ ouT 2 9
. l ] J IM2-
3 J g7 | lE 1 1Hz+ i
2 100n
] E? | vcC

GHND

audio In

— el D

srudio Out

T 47K
TDAE0E2ZH
' A% 47K
.———‘—_-—‘
g G

Figure 6-3 : Amplification Circuit

The audio out of the CD Drive is an input to the amplifier chip , the voice can be enlarged

and controlled via the potentiometers and out to the speaker .

6.2 System Testing

6.2.1 Open CD Drive Operation

] ] 1ler, this value
De voltage equal to 3.57V 18 applied to port A pin 2 of the PIC microcontro

Corresponds to open\close operation.

The Testing Code:
AtaCmdOpenDoor :

movlw Ox1b
movwf AtaPacket
movlw 0x02
movwf AtaPacket+4
call AtawWritePacket
call AtaReadpacketEmMPEY
btfsc status,z

return

g4




secES? AtaErrorRetries oE

AtaCmepenDoor

call AtaReset

AtaDatast
ATA_REG_DRIVEHEAD
call AtaWriteRegister

clrf AtaDatalsb
noviw ATA_REG_FEATURES
call AtaWriteRegister

clrf AtaDatalsb
movlw ATA__REG_CYLINDERLOW
call AtaWriteRegister

clrf AtaDatalsb
movlw ATA_REG_CYLINDERHIGH
call AtaWriteRegister

movlw ATA_COMMAND_PACKET
movwE AtaDat alLsb

movlw ATA_REG_CO]VIIVIAND
call AtaWriteRegister

call DelaylOms

AtaWriteRegister:

novwf AtaRegister

bef status,rpl

bst status, rp0
moviw PORTB_CONFIGZ

movwf trisb

movlw PORTC_CONFI G2

movwf trisc

bef status,rpl

bef status, rpO0

rlf AtaRegister,W
iorlw 0x30

movwf porta

call Delaylms

movf AtaDataLsb,w

movwf portb

clrf portc

call Delaylms

bet porta, ATA—_IOW
call Delaylms

bsf porta, ATA_IOW

call Delaylms
return

A
taReadPacketmpty ;

AtaRel :

movlw ATA_REG_SECTORCOUNT
call AtaReadRegister

movf AtaDatalLsb,W
andlw 0x03
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btfss
gotO

eaduachambl

wrak
ﬂta Call

,raRe2:
B povlv

call
movi
andlv
xOr1w
ptfss
goto

movE
xorlw

return

AtaReadRegiS"—

movwi
bet
pbst
moviw
movwE
moviw
movwE
becf
bef
wailye
iorlw
movwi
call
bef
call
movE
movwi
movE
movwE
call
bsf
call

return

status. 2
ataRel

ek
Delay200ms

ATA_REG_STATUS
AtaReadRegister
AtaDatast,w
oxc8

0x40

status,z

AtaRe2

AtaDatalsb,w
0x50

er:

AtaRegister
status, rpl
status, rp0

PORTB_CONFIG1

trisb

PORTC_CONFIG1

trisc
status, rpl
status, rp0
AtaRegister,w

0x30

porta

Delaylms
porta,ATA_IOR

Delaylms

portb,w

AtaDataLsb

portc,w

AtaDataMsb

Delaylms
porta,ATA_IOR

Delaylms

622 Play Audio operation

De voltage equal to 2.14V 1s applied to PO

Conesponds to Play\Stop operation-

The Testing Code:

A
tacmdplayAudio .

movlw
movwft
movEf
movwf
movf

0x47

AtaPacket
TrackLeadOutMSF’M,W
AtaPacket+6
TrackLeadOutMSF_S,W
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ovwE AtaPacket+7
movf TrackLeadOutMSF_p W
?\O\, AtaPacket+8

\

W
11 AtaWritePacket

2211 AtaReadPacketEmpr_y
btfsc Stat\ls A

eturn

gecfsz AcaErrorRetries i
goto AtaCmdPlayAudio
call AtaReset

return

(13 Pause On Audio Operation

-

e voltage equal t0 0.71V is applied to port A pin 2 of the PIC microcontroller, this val
, 1S vaiue

comesponds 1O pause On operation.

The Testing Code:

AtaCmdPaus eOff:

moviw ox4b

movwE AtaPacket

moviw 0x01

movwi AtaPacket+8

call AtaWritePacket
call AtaReadPacketEmpty
btfsc status,Zz

return

decfsz AtaErrorRetries ~E
goto AtaCmdPauseOff
call AtaReset

return

AtaReset:
bef portd, ATA RST
call Delay200ms
bst portd,ATA_RST
call Delay200ms
return
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Chapter Seven

Conclusions and Future Works

This chapter introduces some significant points in the way of continuing d

| 0 more and

qore in the feld of the system concepts or tools. Also, it represents the conclusi
usions

xtracted during designing.

11 Conclusions
\any EXpETiences were added to the team cognitive knowledge through studying and
designing this project. Many conclusions can be stated here, but only significant and

important ones are described here:

1.CD-Drive 1s pro grammed by writing command packets into the command register.
7 PIC microcontroller has a lot of features that provide this project and it is

programmed to control the CD-Drive but it needs a special pro grammer.

r and controlled using buttons; but not

3. The CD-Drive is constructed as audio playe

all are well-operated.

: . & .ation circuit.
4. The sound out of the CD-ROM is enlarged USINE an amplification circul

@ commands and signals.

5.The LCD display unit can be controlled using the PT

6. Programming the PIC using the Tn-circul
Programmer once at least.

er.

-BIC is programmed by constructint




gyster

Compleuon in regard to its
obj
)ectives is an Implement
ntation d
ependent i
18sue,

stu dymo and deSImln 2 :
; discover all the probl
ems, but th
€ problems

foned here are that faced us d
el uring studying and e o
1. SKippin
g these prob]
ems

success No degradation affe
cts the system if problems
appear. Here
are problems

fcedt

Iy

o

(OS]

¢ project team during the system stud
ying:

It takes much time for the PIC mi
microcontroller t
0 be available

Implementing an application usi
ng a PIC microcontroller is i
innovative in th
e

university.

It was thought that the PIC could be programmed without
In-circuit ‘ S j e R
serial programmer is built but programmer is still needed
neeaed.

Consequently, a parallel port 1s used.

Dealing with CD-Dri '
g ‘D-Drive commands and signals, and accessing its registers is

e ; e
mehow complicated since 1t needs a critical timing.

13 Future Work

The : :
following ideas are recommended 10

be considered and 1M aplemented s 2

dey .
evelopment of this application:

I

0 :
Operating the buttons that don’t work
3.

4 .
Interfacing the system with 2

Developing the display unit f0f better system operation.
te the entire system.

well and comple

Developing the system to read and contro
remote control
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Appendix A
PIC16F877A Microcontroller

The PIC is a microcontroller that contains Five IO Ports (A,B
o-Digital Module( 8 input channels), 368 bytes data Menmo ) 2,(53,D,E ),10-bit Analog-
Iy ,256 bytes EEPROM

Data Memory,8K Flash Program Memory ,Seria] Communicati M
o : 1ons (MSSP,U
parallel Communication (PSP), Three Timers, Instruction Set (35 instructi SART),
ns
15 Interrupts and two Analog Comparator., e

A1 Block Diagram

43
b # v e Coantar i Lot b

P GRGTRE
Tirnss

Data EEPROM

Data WEaXrs

Az EENET

SR Byt

—— s

Mole (4.
13 bagnie cooom it spm trorr i BUANS TSGR




T G | e RETEED
=0 R ¢

R T T

oS

W
0 D G

V)

A3 Memory Organization
There are three memory blocks in each of the PIC16F87XA devices. The program

memory and data memory have separate buses so that concurrent access can occur

PIC16F877A program memory map and stack:

Siack Levwzl 1
Stack Lawal 2
-
-
-
Sunck Lewsl 2
Res2 waalor 00CCh
= <
-
INtstTUpt Wechor oocdan
[i anosh
Poge O
aTFFh
0200
On-Chip Poae 1
Proyam -< aFFFh
Memeey 10000
Foue 2
1TFFh
120Ch
Poye 3

A6 Instruction Set Summary

The PIC16 instruction set is highly orthogonal and :
“mprised of three basic categories:

*Byte-oriented operations

*Bit-oriented operations

Litera] and control operations




Bach PIC16 instruction is a 14-bit word divided into an opcode which specifies the

instruction type ar A _
n ype and one or more Operands which further specify the operation of

the instruction.

r byte-oriented instructi ¢
For byt d mstructions, ‘f represents a fije register designator and ‘d’ represents

@ tou desicnaior. The file register designator specifies which file register is to be

used by the instruction.

The destination designator specifies where the result of the operation is to be placed. If

‘d’ 1s zero, the result is placed in the W register. If ‘d’ is one, the result is placed

in the file register specified in the instruction.

For bit-oriented mstructions, ‘b’ represents a bit field designator which selects the bit
affected by the operation, while ‘f* represents the address of the file in which

the bit is located.

For literal and control operations, ‘k’ represents an eight or eleven-bit constant or literal
value One instruction cycle consists of four oscillator periods; for an oscillator
frequency of 4 MHz, this gives a normal instruction execution time of 1 ps. All
instructions are

executed within a single instruction cycle, unless a conditional test is true, or the
program counter is changed as a result of an instruction. When this occurs, the

execution takes two instruction cycles with the second cycle executed as a NOP.

Opcode Field Description

Fiell Crasscripticn

£ Redistsr file address (0x00 to OXTF
W \Working nzgister {taccu mulater

= Bil addpess within an S-tit file nagister
i Literal field, constant data or label

B3 Don't cans lasation ©= 5 or L.

The ass=mislsr will aznsrabs cochz with x = G
Wis the ressmmesndsd (2rm of use or
oompatibility with all tAicrachip saoftvanrs tools.
stors pesult in Y.

Destination slest d = 52
d= 1 slore result in fls ragister 1.
2 Default is d = .
b Program Counter
Timz-nut bit
Ponsr-donn it

i

_L
o1 |l

] e

General Format for Instructions




e),.‘,?_c.rh:vnn«:l fil2 r2gister sparations
13 3 oS @
COPCODE | o1 CFLEs |
d = o for dastination \V

J
d for destination f
f = T-biLfil= reqister addrass

pit-orizntad file registar apaations
13 10 & S

YT . Q
E COPCODE | EXEER (FILE & |
b = 3-bil bil address
f = T-bil fil2 reQisier address

=

Literal and contiol oparaticns
Ganeral
13 SRz o
C OPCCDE | k (literaly 8 1
Kk = &-bil immadiate valua

eany and aora instructions only
13 11 10
[ orconE | Kk (literal} > |
k = 11-bil immadiatz valus

Instruction Set

l:l:\‘:“.l\l:. Descripticn e 14-Bit Opuady Statuz

Dperands Y. Cles Hates
MSh LSL | Affestad iy

EYTE-ORIENTEL FILE REGISTER CQPERATE2ZNS

ADDWF rd 243 W and = = —

ANDVIF £ AND W it f ! i c.ocz i

CLRF f Cizar f 1 o = 5

CLRwV - Clear v 1 (4] 2

COMF .o Somplement | 1 e z 12

DECF 1.d Decrzmant f 1 ne 2 12

DECFSZ .4 Dacremant f. SKig il o 142 ao 123

INCF .o lncremant | 1 rs z 12

INCFSZ {p3=) Incremant . Skip If O 1{2) oo 1:2:3

1ORVVF r.d Inclusive R ¥W with T 1 s z 1.2

MOVF f.d tiove [ 1 o z 1.2

D WF 1 rMove W Io T 1 Qv

NOP - Mo Opsration 1 o

RLF t.d Rotate Laft { through Carry 1 oa 1.2

RRF f.d Rotalz Right f through Sarry 1 s 1.2

SUBWF Lo Subtract '@ from f 1 wa 1.2

SWAPF t. Sweap nibbles in f 1 oo 1.2

KO RWF f.d Exclusiva CR W wiih [ 1 oo 1.2

BIT-CIRIENTED FILE REGISTER OP ER&TIONS

BCF b Bit Clear 12

BSF 1.6 eir Set Lol

BTFSC f.b git Test T, Skip If Glaar ;;

BTFSS (-3 Bil Test (, Skip if Sat =

LITERAL AMD CONTROL 2

ADDOLWVY K 249 Lileral and \W

ANCIL'YW K AND Litzral with W

CALL Kk Zall Subrouting

CLRWODT - Clear Wwalchdog Timar

GOTO K Go Lo AdIrass 4

IORLW K Inclusive OR Lit=ral weith W

TADM LYY k Fove Literal Lo N

RETFIE - Raturn from Intarmipt

RETLV/ k Ralurn with Literal in W

RETURM - Return trom SubroLtins

SLEEP - So irio Standby mods

SUBLVY [3 Swuolract Vv from Lisral

HORLW K Exclusive TR Literal with &

Note 1: When an J/O register is modified as a function of itself ( e.g., MOVF PORTB,

1), the value used will be that value present on the pins themselves. For example,

if the data latch is ‘1’ for a pin configured as input and is driven low by an external

device, the data will be written back with 2 {0

: icable, d = 1), the
2: If this instruction is executed on the TMRO register (and where applicable )

if assigned to the Timer0 module.

e : the instruction
3: If Program Counter (PC)is modified, or 2 conditional test 18 T

The second cycle is executed as a NOP.

prescaler will be cleared

requires two cycles.
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Appendix B
LCD Display

B.1 ntroduction

One of the first things people want to interface to a design is an LCD display, both to

ir programs and as a way to provide results to the outside world.

Most text displaying L.CD's are based on the Hitachi HD44780A LCD controller.

help with debugging the

This controller takes care of all the multiplexing and the peculiarities required by the
LCD display and provides a low level command interface for certain actions like screen

clearing, cursor shape and size, character displaying etc.

The HD44780A communicates with the host mcu through an 8 bit bi-directional

interface (DO-D7) and 3 control lines (E, RS, RW).

LCD's are slow devices when compared to microcontrollers. Special attention must be

paid so the conumands and data are not send t00 quickly from the mcu, and the designer

must control the communication speed and timing to ensure that the slow LCD and the

fast mecu stay synchronized.

The LCD module contains 3 different functional blocks.

The Character Generator ROM (CG—ROM) _ the character generator RAM (CG-RAM)

and the Display Data RAM (DD-RAM) -

The ROM character generator is factory programmed and contains the 208 characters to

be displayed. . i
The CG-RAM allows the user to define up 10 8 special character that are not included 1

the CG-ROM. . ' -

The DD-RAM holds the characters that are actually displayed 10 the

Both the CG RAM and DD-RAM can be read and written (through commands) by the
h the CG-

meu. | |
) blocks is the DD-RAM. This has to do with the way

The most important of the functior |
s different from 1.CD to LCD depending o1 how

is 1 ted and sometimes 18
ot ] D-RAM address changes:

:splay the D
many lines by how many rows the LCD can display

viil




B3 Commands and initialization sequence

e e

1CD-

The HD44780A provides the user with some commands that control the behavior of tt
of the

; [nstruction {._, S _ Code

!
|

RS | R/W %DB7 ' DB6 | DBS |

ISR Sty | DB4 | DB3 ‘DBZ | DB1 | 1)130'

{

Description

f | | 5 =
;iclear display 0 0 li 0 0 2 o e “ ; \ ; : ‘ :

| e o
cusorhome | 0} O e o

. ; ‘
\
: ! - { 0 4 0 \1 (T i e
OO e
| e ; 1 \' e
Enrymode WK L 5 3
e 20'%020%0*:0@0;0;1 D | S
set | i
R ._ ’“——;EM—” A,..,,,'i.mﬁ.'.,.,;’,-.. .,...‘%,.. o :._.. L 'T S SR
i i i ! ; i !
| b | ‘; 1 i \ |
o L 1 3 e S
e 50%050»30',050%1D‘%cé
On/Off control | ‘ { i i ‘ | ‘
| e
| L e R I
| L L iy i e b il
P e e e 8 ! [ |
B o R LR
Cursor/d1splay 0 o o g .0 e | siC GRIL A
sh1ft | ! : | \} | E
| *
——
oot e L e e e i S
i

1
i
{
i
\
‘E 4
{
i
i
!

* *
FlmCtxonset 0 0 O 0 1 3DL . N ( IE

SetCGRAM ( : 0 i . ‘1 j CGRAM address
addless s , ! i

i _,4_,_____,,«—_-,,%,.,‘_,,

Read busy- |
flag and ' i
:address i

counter

DDRAM address

EWrite to } , z write data
CGRAMor | 1 | 0

REadﬁom 1 ............... % e
CGRAM or ol R R e

iX

SRS ,,..—'w

lCleals display and !
returns cursor to the | 1.64mS

'home posmon

‘home position
IDDRAM contents
1emams unchanged

Sets cursor move
dn ection (I/D),
ispecifies to shift the |

dxsplay (S)

Sets On/Off ofall
dlsplay (D), cursor
|On/Off (C) and
‘blmk of cursor
;posmon character

i(B)-

i

|
!

'Sets cursor-move or
dxsplay-shxft (SIC), |
'shift direction
(R/L) DDRAM
\contents remains

i
i

unchanged

length (DL),

mumber of
hne (N) an

display
d

chaxacter font(F)

Sets the CGRAM

address

\address

& Se{s the DDRAM

3 Reads Busy flag

(BF) indicating

mtemal op

bemg performed
and reads address
counter contents

e e

%Wntes data to
\CGRAM or

EDDRAM

1
|
i
|
i

{Executior

time

i
IEg rocessemss ‘
Retums cursor to i

1.64mS

i
| 40us
i
]

L ISets mterface data '

eration 1s

Reads data “from
’CGRAM or

DDRAM

DR By
.—_ -

40uS

e et L el | et s
S pos N -

40uS

40uS

40uS

ouS




B4 LCD Commands

The LCD accepts the following commands

. Functi e e
L nction | Code 1\ ASCII
\Cursor Home coll I
‘ % l
b i 3 |
Hlde Cursor Ctl D 1 4

3 e ‘
Show “Underline | g 5&'

Ctrl t
g!Cul SOr | i \ :
L e
Show Blinking | [

Ctrl F ‘ 6
Block Cursor x !,
T CulHor | |
E;Backspace ‘ § 8
' Backspace key |

l

Ve1't1ca1 Tab ‘ cul T {, 11

: L et ._...A.v,_.,“,,‘;...._.,_,.._nA..w..,..,.....“_.,_...4.._._,_ 20
'Ei'éi;{{ e o S enl T \l 12
Carnage Return Czrl g ?‘_ e

B.5 LCD Soitware

A number of functions and macros are 1mplemented in order to facilitate the re-use of

the code in case W€ do not need a dedicated controller for t the LCD, but we want to be
able to correctly initialize and use one-

These functions are:
LCD _Init - Initialize the 1.CD ar

LCD | Command - Send a byte ©

LCD Write - Write a char at current position of the cursor

LCD_GotoXY - Move cursor to 2 specific position
High and then LowW

and set cursor at the beginning of first line

ommand to the LCD

LCD _EPulse - Toggle the E line
Delay40us - Delay 40 us
Delay100us - Delay 100 us
Delay4ms - Delay 4ms

A number of macros is also 1mplemented




.CD_CLS - Clear LCD move cursor at beginning of first line
LCD_Home - Move cursor to left edge of the display

LCD_ON - Tum display on

LCD_OFF - Tum display off

L.CD_CursorOn - Cursor will be displayed
LCD_CursorOFF - No cursor will be displayed
1,CD_BlinkGN - The character at the cursor position will blink
LCD_BlinkOFF - The character at the cursor position will not blink
LCD_ShiftCarsorL - Shift cursor one position to the left
LCD_ShiftCursorR - Shift cursor one position to the right
LCD_ShiftE}isp}ayL - Shift BOTH LINES 1 char to the Left
LCD_ShiftDisplayR - Shift BOTH LINES 1 char to the Right

Tist we make sure that fhe stack of the 2313 1s imitialized properly before we start
calling zny fanctions.

PortB znd PortD as set according to fheir nsage and then we imitialize fhe LCD,
displaymg a "gplash soreen” winich is stored in fhe EEPROM...

Then we read {he FEEPROM fo get fhe speed that fhe UART is goimg 10 Wse zmd proceed

'} < e TIITEY N H
character, Perses e

dnpmactiar to see if it 1S 2 control code amdl fimelly displays it om e LCD.
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{, System Circuit:

0

PICIAFR2Y

GXD
LD Msplay

LIS
LML cC
LUM¢ =

\
1=z

V?C

nudic In

audio OWE

0SC2ICLKOUTS

RA
RAl

RANTOCK!
RASISS

RBDANT
RBI
RE2

T3 M LR
OSCHCLKN  RCOMTIDSOMICK!
RC1TIOSUCCR:

RCZICCP!
RCSCHSCL
RT4/SKIISDA
RC3/S00
RCOMUCK
RIETRADT

ROO/PSPO
ROVPSPY M1 pemt |
RDZIPSFZ

RMFSPQ
RO5PSPS 7

33 1000
34 1ML /|
35 10ID0¢ /
30 30003/
37 1004,

38 1IEDYS

30 TIEDNE /|
40 10001/

15 10ED08 /
16 IOEDYS
17 100000
13 1AL /|
2 1t/
24 13 /
25 1IC0LS /
20 10rn /3

19 LU
rmm

!.!I

K Connector

=

K LD info

1 Open\lose




7. Software Code:

oy gk A ek Rk R ok s ok
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e ok e ke o s s ool o o o e ke ok o
ekl

3 .

.All global memory variables
kt*ﬁﬂ********************m**********m************m*******

; ksl ok ek

A‘acounter equ 0X20

AlaCommand equ 0x21

AtaPacket equ 0x22

AtaDataLsb equ 0x30

AtaDataMsD equ 0x31

KeyEvent equ 0x34

KeyState equ 0x35

;updated by ReadToc function

TrackFirstNr equ 0x36

TrackLastNr equ 0x37
TrackStartMSF_M equ 0x38

TrackStartMSF_S cqu 0x39

TrackStartMSF_F equ 0x3a

TrackLeadOutMS F.M equ 0x3b
TrackLeadOutMSF_S equ 0x3c

TrackLeadOutMSF_F equ 0x3d

;updated by ReadSubChannel function

TrackCurrentNr equ 0x44 :initialise to 1 (default 1st track)
TrackCurrentMSF_M equ 0x45

TrackCurrentMSF_S equ 0x46

TrackCurrentMSF_F equ 0x47

TrackStatus equ 0x48
TrackTempNr equ 0x49

TrackStartNr equ Ox4a ;initialise to 1
AtaTemp equ 0x4b
AtaReadBytesLsb equ Ox4c

AtaReadBytesMsb equ Ox4d

AdcMsb equ Ox4e

AdcLsb equ OxAf
KeyEventTempl equ 0x50
KeyEventTemp2 ’ equ 0x51

timera equ 0x52

timerb equ 03 z

timerc equ (())xg 5

AtaRegister caL %
AtaErmorRetries equ 0x56
;*t***#***#‘i#m*ﬂ‘m*#*

;PORT CONFIGURATIONS

;***t**#******ﬂ‘*lﬁ***

-analog key input, IDE control signals e outout,oUL,oULOULIT -bit0
PORTA_CONFIG! g o R
ATA_IOW cait

ATA_IOR equ 4

ATA_A2 equ 3

ATA_AI equ f

ATA_AO equ 0

KEYS &

used as a bidirectional data bus for IDE’DOO/D‘fl : bit7: in in,in,in,in,imimio bit0
PORTB_CONFIGI equ O i ininninin bit0
PORTC_CONFIG! equ X 2

0x00 bit7: out,oul,out,out.out.out,out,out bn(())
oRTE-CON i - 0x00 -bit7: out,out,out,oux.out,oux,out,out bit
equ 3

PORTC_CONFIG2

:lcd data bus DO/D4, IDE reset, status leds

X1V




pORTD_CONFIG equ

ATA_RST equ
LED_3 equ
LED_2 equ
LED_STATUS equ
Jod control signals
PORTE_CONFIGI equ
LCD_CLK

LCD_RW equ
LCD_RS equ
-keypad events
KEY__EVENT_PLAY_STOP equ
KEY EVENT_NEXT equ

KEY_EVENT_PREVIOUS  equ
KEY_EVENT_OPEN_CLOSE _equ
KEY_EVENT_PAUSE_ONOFF equ
KEY_EVENT_LCD_INFO  equ

key states (bit in variable KeyState)
KEY_STATE_P LAY_STOP
KEY_STATE_PAUSE_ONOFF
KEY_STATE_OP EN_CLOSE

:keypad inputs voltages
;DigValue=(V in*1023)/5
.KEYPAD_NO_KEY
;KEYPAD_PAUSE_ONOFF
-KEYPAD_PREVIOUS
1,43V-1,78V

'KEYPAD_PLAY_STOP

2,14V-2,49V

.KEYPAD_NEXT
2,50V-2,86V-3,20V

.KEYPAD_OPEN_CLOSE

3,92V

:KEYPAD_LCDJNFO

4,64V

:KEYPAD_MO RE_TH AN_ON E_KEY
:ATA registers

ATA_REG_DATA
ATA_REG_ERROR

ATA_REG_F EATURES
ATA_REG_S ECTORCOUNT equ
ATA_REG_S ECTORNUMB ER equ
ATA_REG_CY LINDERLOW  equ
ATA_REG_CY LINDERHIGH equ
ATA_REG_DRW EHEAD
ATA__REG_STATU S equ
ATA_REG_CO MMAND

:ATA commands
ATA_COMM AN D_lDENTlFY_DRlVE
ATA_COMMAN D_PACKET

-*###*a#****m¢#***mm
’

:Main Function
;********$***$$*****

list p=16f877 Jg=hex

"picl 6f877.inc"
"main.inc"

include
include

0x00

U

0x00
equ

wmbh LN - o

equ
equ
equ

equ
equ
equ
0x02
0x03
0x04
0x05
equ
0x07
equ

;bit7: out,in,out,out,out,out,out,out :bitd

;bit2: out,out,out :bit0

2

equ
equ

equ

equ
0x00

0x01
0x01

0x06

0x07

equ
equ

73
74
equ
equ
equ

657

equ

951

Oxal
0xal

XV

:msb=0,lsb=73 (0x49) :<0,35V
;msb=0,\sb=74(0x4a) :0,36V-0,71V-1 06V

21,07V~

;1,79V-

219 :msb=0,Isb=21 9(0xdb)

equ 365 :msb=1,lsb=1 09(0x06d)
366 :msb=1,lsb=1 10(0x6e)

512 :msb=2,1sb=0

:msb=2,1sb=1 45(0x91)

equ 803 ;msb=3,lsb=35(0x23)

:3,21V-3,57V-

804 ;msb=3,lsb=36(0x24) :3,93V-4,20V-

:msb=3,Isb=1 83(0xb7) >4,65V




global
global
global
global

extern
extem
#ifdef LCD
extern
#endif

_config code

dw
FOSC_HSIWDTE_OFF‘PWRTE_ON |CP_OFF|BODEN OFF

_vector code
goto

_rom] code
Start:
call
call
Mainloop:
call
call
#ifdef LCD
call
#endif

got0

Sysinit:

bef
bsf

moviw

movwf

moviw

movwi

movIw

movwi’

moviw

movwi

Delaylms
Delayl0Oms
Delay200ms
DelaySs

AtaUpdate
Atalnit

LcdUpdate

Start

SyslInit
Atalnit

KeyUpdate
AtaUpdate

LcdUpdate

Mainloop

status,’p1
status,p0

pORTA_CONFIG!

trisa

pPORTB_CON FIG1

trisb

PORTC__CONFIG\

trisc

PORTD__CONFIGl

trisd

|LVP_OFF[CPD_OFF]WRT_ONUCD_OFF[CPZ_OFF




moviw
movwi

moviw
movwi

bef
bef

moviw
movwi

bsf
bst

bst
bef

cirf
chrf’

movIw
movwf
movwf

retum

KeyUpdate:
clrf
call
mov{
xorlw
btfsc
g0t
movf{
movwi
call
call
movt
xorwl
btfss
goto
movf
movwi

Kuend:
returm

KeyScan:
bst
Kuw: btfsc
goto

movf
movwf
bef

PORTE_CONFIGI
trise

B'10001110"
adcon!

status,pl
status,rp0

B'10000001"
adcon0

porta,ATA_IOW
porta, ATA_IOR

pond,ATA_RST
portd,LED_STATUS

KeyEvent
KeyState

0x01
TrackCurrentNr
TrackStartNr

KeyEvent

KeyScan
KcyEventTempl W
0x00

status,z

Kuend
KeyEvemTempl W
KeyEventTempZ
Delay10ms
KeyScan
KeyEventTempl W
KeyEventTcmpZ,w
status,z

Kuend
KeyEvent’l‘emp?.,w
KeyEvent

adcon0,godone
adcon0.godone
Kuw

adresh.W
AdcMsb
status,p!

xvil




Ku0:

Kul:

Ku2:

Ku3:

Kud:

Kuo:

Kend:

Delaylms:

bst
movt
bef
bef
movwi

chef
movf
sublw
bfss
goto
movf
sublw
bifss
goto
movt
sublw
bifss
goto
movf
sublw
btisc
goto
bsf
goto
bsf
goto
movf
sublw
btfss
goto
movf
sublw
btfsc
2010
bst
goto
bst
goto
mov{
sublw
btfss
goto
movi
sublw
btisc
goto
bsf
2oto
bsf
goto
movt
sublw
bifsc
goto
bsf
goto
movf
sublw
btisc
goto
bst’

returm

moviw

status,p0
adresl,w
status,pl

status,rp0
AdcLsb

KeyEventTempl
AdcMsb,w
0x03
status,¢
Kend
AdcMsb,w
0x03
status,z
Kul
AdcLsb,w
D133
status,¢
Kend
AdcLsb,w
D'36'
status,C
Ku0
KeyEventTemp]
Kend
KeyEv entTempl
Kend
AdcMsb,wW
0x02
status,z
Ku3
AdcLsb,W
D'145'
status.C
Ku2
KeyEventTempl
Kend
KeyEv entTempl
Kend
AdcMsb,W
0x01
status,z
Kus
AdcLsb,w
D'110"
status,C
Kué
KeyEvem’Ten\pl
Kend
KeyEventTemp\
Kend
AdcLsb,W
D219
status,c
Kub
KeyEvemTempl
Kend
Adclsb,W
D74’
status,C

Kend
KeyEventTemp\

0x07

KEY_EVENT_LCD_INFO

KEY_EVENT_OPEN_CLOSE

,KEY__EVENT_OPEN__CLOSE

KEY_EVENT_NEXT

.KEY_EVENT_PLAY_STOP

,KEY_EVENT_PREVIOUS

,KEY_EVENT__PREV!OUS

,KEY__EVENT_PAUSE_ONOFF

xviil




movawt
L moviw
movwi
L decfsz
2oto
decfsz
goto
retum

DelaylOms:
moviw
movwt

L2l moviw
movwf

22 decfsz
goto
dectfsz
goto
return

Delay200ms:
moviw
movwf

L31:moviw
movwi

L32: moviw
movwi

[133¢ decfsz
goto
decfsz
goto
dectsz
goto
return

Delay5s:
moviw
movwif
L41:moviw
movwi
L42: moviw
movwi
L43: decfsz
goto
decfsz
goto
decfsz
goto
return

LedTest:
bsf
call
call
bef
call
call

return

END

timerb
Oxed
timera
timera,f
L12
timerb,f
L1

Ox41
timerb
Oxft
timera
timera,f
L22
timerb,f
L21

0x06
timerc
0xd9
timerb
Oxff
timera
timera,f’
L33
timerb,f
L32
timerc,f
L31

ox7f
fimerc
Oxff
timerb
Oxff
timera
timera.f
L43
timerb,f
L42
timere,
L41

pon’td,LED_STATUS
Delay200ms
Delay200ms
portd,LED__STATUS

Delay200ms
Delay200ms

X1X




,,s*nn**mu«t*****

) .

ATA Function
.unwtnw**e‘***mﬂw
;

list p=l 61%77,r=hex

i.nclude "pic16f877.inc"
include  "main.inc"
include "ata.inc"

global AtaUpdate
global Atalnit

extemn Delaylms
extern Delay10ms
extern Delay200ms

extern DelaySs
_roml code
1
AtaUpdate:
movf KeyEvent,w
xorlw 0x00
bttsc status,z
return
bsf poﬂd,LED_STATUS

movIw D'10'
movwf AtaErrorRetries

bifsc KeyState,KEY_STATE_OPEN_CLOSE

goto lu2

btfss KeyEvent,KEY,EV ENT_P LAY_STOP
goto u2
btfsc l(eySlale,KEY_STATE_PLAY_STOP
goto Kst

Kpl: call AtaCmdReadToc

movf TrackStartM SF_M,w
movwi AtaPacket+3

movf TrackStartM SF_S.w
movwi AtaPacket+4

movi ’1‘rackStartMSF__F,w
movwi AtaPacket+5

call AaC mdPlayAudio
bsf KeyState,KEY_STATE_PLAY__STOP
bef KeyState,KEY_STATE_PAUSE_ONOFF
goto IuEnd :
Kst: call AtaC‘mdSlopAudlo
bet KeyState,KEY_STATE_P LAY_STOP
goto juEnd
lu2: btfsc KeyState,KEY__STATE_OPEN_CLOSE
goto Tu3
btfsc KeyState.KEY_STATE_PAUSE_ONOFF
goto u3 4
bttss KeyEvem,KEY_EVI:NT_NEXT
goto w3

XX




Tu3:

lu4:

Kop:

Kecl:

lus:

incf
btfss
goto .
call
inct
movwi
call
movi
movwf
movf
movwi
movf
movwi
call
goto

bifsc
20t0
btfsc
goto
btfss
goto
decf
btfss
goto
call
decf
movwif
call
movt
movwi
movf
movwf
movf
movwi
call
2010

btfss
goto
btfsc
goto
btfsc
call
call
bsf
goto
call
call
bef
bef
bef
moviw
movwf
goto

bifsc
goto
btfss
goto
btfss
goto
btfsc

TrackStartNr.f

KeyState, KEY
s _STATE_PLAY_STOP
AtaCmdReadSubChannel
TrackCurrentNv,w

TrackStartNr

AtaCmdReadToc
TrackStartMSF_M,w

AtaPacket+3 2.
TrackStartMSF_S,w

AtaPackett+4 ¥
TrackStartMSF_F.w

AtaPacket+5

AtaCmdPlayAudio

IuEnd

\l(inlale,KEY_STATE_OP EN_CLOSE
u
§(e4yState,KEY__STATE_PAUSE_ONOFF
u

KeyE\'em,KEY__EV ENT_P REVIOUS
lud

TrackStartNr,f
KeyState,KEY_STATE_PLAY_STOP
luEnd

AtaCmd ReadSubChannel
TrackCurrentNr,w

TrackStartNr

AtaCmdReadToc
TrackStartMSF_M,w

AtaPacket+3

TrackStartM SF_S,w

AtaPacket+4

TrackStartM SF_F,w

AtaPacket+5

AtaC mdPlayAudio

luEnd

KcyEvenL,KEY _EVENT_OPEN_CLOSE

lus

KeyState,KEY__STATE_OPEN_CLOSE

Kecl

KeyStale,KEY_EVENT__PLAY__STOP

AtaC mdStopAudio

AtaC mdOpenDoor
KeyState,KEY_STATE_OPEN_CLOSE

JuEnd

AtaCmdC 1oseDoor

AlaCmdS\opAudio
KeyState,KEY_STATE_P LAY_STOP
KeyState,KEY__STATE__P AUSE_ONOFF

KeyState,KEY_STATE__OPEN_C LOSE
0x01
TrackSlartNr
JuEnd

KeyState,KEY_STATE_OPEN_CLOSE

JuEnd
KeyEvent,KEY_EV ENT_P AUSE_ON OFF

luEnd
KeySmte,KEY_STAT E_P LAY_STOP

[uEnd
KeyState,KEY__STATE_PAUSE__ONOFF

xX1




goto
Kpo: call
bsf

2010
Kpf: call
bet
goto
luEnd:
bef
retum

Atalnit:
bsf
call
call
call

moviw
movwif
moviw
movwi
Ail: chf
incf
decfsz
goto
call
#ifdef LCD
call
#endit
bef
return

AtaReset:
bef
call
bsf
call
return

AtaCmdStopAudio:

moviw
movwf
call
call
xorlw
btfss
return
dectsz
goto
call
return

AtaC mdPauseOn:

Kpf
AtaCmdPauseOn
KeyState,KEY_ST L
luEnd _STATE_PAUSE_ONOFF
AtaCmdPauseOftt
KeyState,KEY_ST
IuEnd - _STATE_PAUSE_ONOFF
portd, LED_STATUS
portd, LED_STATUS
AtaReset
Delay3s
Delay3s
D'12'
AtaCounter
AtaPacket
fsr
indf
fsr,f
AtaCounter,f
Ail
AtaCmdStopAudio
AtaCmdInquiry

portd,LED_STATUS

portd,ATA_RST
Delay200ms

poﬂd,ATA_RST
Delay200ms

Ox4e

AtaPacket
AlaWritePacket
AtaReadPackctEmpty
0x01

status,z

A&aErrorRerries.f

AtaC mdStopAudio
AtaReset
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moviw
movwi
call
call
btisc
return
decfsz
golo
call
return

AtaCmdPauseOtT:
moviw
movwi
moviw
movwt’
call
call
btfsc
return
decfsz
goto
call
retun

AtaCmdPlayAudio:
moviw
movwi
movf
movwi
movf
movwi
movf
movwi
call
call
bitsc
return
decfsz
goto
call
return

AtaCmdCloseDoor:
moviw
movwf
moviw
movwi
call
call
btfsc
retwm
decfsz
goto
call
returm

Oxdb

AtaPacket
AtaWritePacket
AtaReadPacketEmpty
status.z

AtaErrorRetries,t -
AtaCmdPauseOn
AtaReset

0x4b

AtaPacket

0x01

AtaPacket+8
AtaWritePacket
AtaReadPacketEmpty
status,z

AtaEn'orRen'ies,f
AtaCmdPauseOff
AtaReset

0x47

AtaPacket
TrackLeadOutMSF_M W
AtaPacket+0
TrackLeadOutMSF_S,w
AtaPacket+7
TrackLeadOutM SF_F,w
AtaPacket+8
AtaWritePacket
AtaRcadPacketEmpty
status,z

AlaEn'orRelrics.f
AtaC mdPlayAudio
AtaReset

Ox1b
AtaPacket

0x03

AtaPacke\+4
AtaWritePacket
A\aReadPacketEmpty
status,z

AtaErrorRetries,f
AtaCmdC loseDoor
AtaReset

xxiii




AtaCmdOpen Door:

moviw
movwi
moviw
movwi
call
call
btfse
return
decfsz
goto
call
return

#ifdef LCD

AtaCmdInquiry:
moviw
movwt
moviw
movwi
call
call
btfsc
return
decfsz
goto
call
return

#endif

AtaCmdReadToc:
moviw
movwi
moviw
movwi
moviw
movwf
moviw
movwf
call
call
bifsc
return
dectsz
goto
call
return

0x1b

AtaPacket

0x02

AtaPacket+4
AtaWritePacket
AtaReadPacketEmpty
status,z

AtaErrorRetries,f
AtaCmdOpenDoor
AtaReset

0x12

AtaPacket

Oxff

AtaPacket+4
AtaWritePacket
AtaReadPacketlnquiry
status,z

AtaE\TorRetries,f
AtaCmdinquiry
AtaReset

0x43
AtaPacket

0x02
AtaPacket+]
Oxft
AtaPacket+7
Oxtf
AlaPackel+8
AlaWritePacket
AlaReadPacketToc
status,z

AtuErrovRelries.f
AtaC mdReadToc
AtaReset

AtaCdeeadSubC hanne

moviw
movwi
moviw
movwi
moviw
movwi
moviw
movwf
moviw
movwf

1:

0x42
AtaPacket
0x02
AtaPacket+1
0x40
AtaPacket+2
0x01
AtaPacket+3
Oxff
AtaPacket+7

XX1V




AtaWce2:

AtaWPl:

moviw
movwi
call
call
bifsc
return
decfsz
goto
call
retum

AtaWritePacket:

moviw
movwi
moviw
call

chrf
moviw
call

chf
moviw
call

chrf
moviw
call

moviw
movwi
movIiw
call

call

moviw
call
movf
andlw
bttsc
goto

bef
bsf
moviw
movwi
moviw
movwi
bef’
bef
bef
bef
bef
moviw
movwi
moviw
movwi

movt
movwt
inct

Oxtt
AtaPacket+8
AtaWritePacket

AtaReadPacketSubChannel
status,z

AtaErrorRetries,f
AtaCmdReadSubChannel
AtaReset

0x0a

AtaDatalsb
ATA_REG_DRIV EHEAD
AtaWriteRegister

AtaDataLsb
ATA_REG_FEATU RES
AtaWriteRegister

AtaDatalsb
ATA_REG_CY LINDERLOW
AtaWriteRegister

AtaDataLsb
ATA_REG_CYLINDERHIGH
AtaWriteRegister

ATA_COMMAND_PACKET
AtaDatalsb
ATA_REG_COMMAND
AtaWriteRegister

Delayl0ms

ATA_REG_STATU S
AtaReadRegister

AtaDatalLsb,W

0x08

status,z

AtaWc2
status,Tp!
status,p0

PORTB_CONFIGZ

trisb
PORTC_CONFIG2

wisc
status,1pl
status,rp0
porla,ATA_AO
porta,ATA_A 1
porta,ATA_AZ

0x00

AtaCounter

AtaPacket

fsr

indfiw

portb

fsr,f




movt
movwi
call
incf
bef
call
bsf
call
decisz
goto

moviw
movwi
moviw
movwf

Aul: clrf

incf
decfsz
goto
retun

AtaWriteRegister:
movwif
bet
bsf
movlw
movwi
moviw
movwf
bef
bef
rif
jorlw
movwi
call
movf
movwi
cirf’
call
bet
call

bst
call
return

AtaReadRegister:
movwi
bef
bsf
moviw
movwi
moviw
movwf
bef
bef
rif
jorlw
movwi
call

indf,w
porte
Delayl0ms
fsr,f
porta,ATA_IOW
Delayl0ms =
porta,ATA_IOW
Delay10ms C:
AtaCounter,f
AtaWP1

DR
AtaCounter
AtaPacket

fsr

indf

fsr,t
AtaCounter,f
Aul

AtaRegister
status,mpl
status,p0

PORTB_CONF\GZ

trisb
PORTC_CONFIG2
trisc
status,rpl
status,mp0
AtaRegister,w
0x30
porta
Delaylms
AtaDataLsb,W
portb
portc
Delaylms
porta,ATA_lOW
Delaylms
porta,ATA_lOW
Delaylms

AtaRegister
status,p!
status,rp0

PORTB__CONF!GI

trisb
PORTC_CONFIGI

trisc
status,rpl
status,rp0
AtaRegister,W

0x30

porta

Delaylms
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bot porta,ATA_IOR

call Delaylms
movt portb,w
movwf  AtaDatalsb
movt portc,w
movwt  AtaDataMsb
call Delaylms
bst porta, ATA_IOR
call Delaylms =
return
AtaReadPacketEmpty:
AtaRel:
moviw ATA_REG_S ECTORCOUNT
call AtaReadRegister
movf AtaDataLsb,w
andlw 0x03
xorlw 0x03
btfss status,z
goto AtaRel
AtaReadNachamble:
call Delay200ms
AtaRe2:
moviw ATA_REG_STATUS
call AtaReadRegister
movf AtaDataLsb,w
andlw Oxc8
xorlw 0x40
btfss status,z
goto AtaRe2
movi AtaDataLsb,w
xorlw 0x50
return

#ifdef LCD
Ata ReadldentifyDrive:

return
#endif

#ifdef LCD
AtaReadPacketlnquhy:

return
#endif

xXvil




A\uRcadPackelSubCh
call

bef
movt
movwi
call
bst
call

bef
call
bsf
call

bef
call
bsf
call

bef
call
mov{
movwi
bst
call

bef
call
movt
movwi
bst
call

bef’
call
movf
movwi
movf
movwf
bst
call

bet
call
bst
call

bef
call
bsf
call
call
return

AtaReadPuckelTon:'.
call

bef
call
bsf
call

annel:
AtaReadPreamble

porta,ATA_IOR
porte,w
TrackStatus
Delay10ms

porta,ATA_IOR
Delay10ms

porta,ATA_IOR
Delay10ms

porta,ATA_IOR
Delay10ms

porta,ATA_IOR
Delayl0ms

porta,ATA_lOR
Delay10ms

pona,ATA_lOR
Delay10ms
portb,w
TrackCurentNr
porta,ATA_lOR
Delayl0ms

porta,ATA_lOR
Delayl10ms
porte,wW
TrackC urrentMSF_M
porta,ATA_lO R
Delay10ms

porta,ATA_lOR
Delay10ms
portb,w
TrackCurrentM SF_S
portc,w
TrackCurrentM SF_F

porta,ATA__lOR

Delayl0ms

porta,ATA_lO R
Delay!0ms

porta,ATA_lO R
Delay10ms

porta,ATA_lOR
Delay10ms

porta,ATA_IOR
Delayl0ms
AtaReadNachamble

AtaReadPreamble

porta,ATA_lO R

Delay10ms
porta,ATA_lOR

Delay10ms

xxviil




bet
call
movt
movwt
movt
movwi
bst

AtaRtl:

call

bef
call
bsf
call

bef
call
movf
movwf
bsf
call

movt
xorwf
bifsc
goto
movt
xorlw
btisc
goto

bet
call
bsf
call

bef
call
bsf
goto

AtaRSavel:
bef
call
mov{
movwi
bst
call

bet
call
movf
movwif
movft
movwf
bsf
call
goto

AtaRSave2:
bet
call
movf
movwi
bst
call

bef
call

porta,ATA_IOR
Delayl0ms &

portb,w

TrackFirstNr

porte,w

TrackLastNr
por(a,ATA_lO R

Delayl10ms

porta,ATA_IOR
Delay10ms

porta,ATA_IOR
Delayl0ms

porta,ATA_lO R
Delay10ms
portb,w
TrackTempNr
porta,ATA_IOR
Delayl0ms

TrackTempNr,w
TrackStartNr,w
status,z
AtaRSavel
Track TempNr,w
Oxaa

status,z
AtaRSave2

porta,ATA_lOR
Delay10ms

porta,ATA__lOR
Delay10ms

porla,ATA__lOR
Delay10ms
pona,ATA_!OR

AtaRtl

porta,ATA__lOR
Delay10ms
portc,W

TrackSlarLMSF_M
porta,ATA_lOR
Delay10ms

porta,ATA_lOR
Delay! 0ms

portb,w

TrackStartM SF_S

portc,w

TruckStarlMSF_F
porta,ATA_lOR

Delay10ms

AtaRtl

porta.ATA_IOR
Delay10ms
porte,w
Track LeadOutMS F.M
porta,ATA__lOR
Delay10ms

por\a,ATA_lOR
Delay10ms

XXIX




nmovt portb,w
movwt  TracklLeadOutMSF_S

movf portc,w
movwt  TrackleadOutMSF_F
bst’ porta, ATA_IOR
call Delayl0ms
call AtaReadNachamble
i return
|
|
|
|
1
AtaReadPreamble:
AtaRpl:
movlw  ATA_REG_SECTO RCOUNT
call AtaReadRegister
movf AtaDataLsb,w
andlw 0x03
xorlw 0x02
btfss status,z
go10 AtaRpl
bef status,rpl
bsf status,rp0
movlw  PORTB_CON FIGI1
movwf  trisb
moviw PORTC_CONFIGI
movwf  trisc
bef status,pl
bet status,rp0
bef porta,ATA_AO
bef porta,ATA_Al
bef porta.ATA_AZ
END

XXX



