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Chapter One 

Introduction 

1.1 Overview 
I ] ; = Q\•q "NX•"N( !"QN !Qq(% "­ !Q ­"� +•"U% !] ; = (% QU q; {"X; <­( [ ; (Nq XQN!\Q••"N[ 

= "!] Q<! ­!(%"N[ (! ( U">; q +•(X; f I ] "­ "q; ( ­!; � ­ U\Q� !] ; U(X! !] ( ! � (N% q; {"X; ­ \; Y<"\; ( 

� ; (N QU (N% U(X"•"!% !] ( ! ­({; ­ !"� ; (Nq •() Q\ ; "!] ; \ "N <­( [ ; Q\ XQN!\Q•f 

I ] ; x%­!; � "� +•; � ; N!­ !] ; "q; ( QU q; {"X; Q+; \(!"N[ (Nq XQN!\Q••"N[ f I ] ; ­%­!; � UQX<­; ­ 

QN � (_ "N[ ( ­!(Nq ( •QN; (<q"Q j mok•(%; \f I ] "­ x%­!; � "­ <­; U<• !Q (••Q= <­; \­ !Q 

Q+; \( !; "! (= (% U\Q� XQ� +<!; \f 5 ( ­"X( ••%, !] ; ­%­!; � = "•• ) <"•q ( j mok•(%; \ = "!] "!­ 

XQN!\Q• ) <!!QN !] ( ! (••Q= ­ %Q< !Q +•(% !\(X_­ (Nq XQN!\Q• !] ; � A ( •­Q = "•• +\Q{"q; (N dj m 

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

I ] ; "� +•; � ; N!( !"QN <­; ­ ( ­� ( \! ; •; X!\QN"X X] "+ X( ••; q ' "X\QXQN!\Q••; \ !] ( ! ] ( ­ ­+; X"U"; q 

+"N­ !] ( ! ( ••Q= (N Cm: E0 I 0 +(\ ( ••; • ) <­ !Q ) ; (!!(X] ; q !Q "!f : {; N!<( ••%, !] ; ­%­!; � ] ( ­ 

to connect the CD-Drive to the microcontroller, and attach some control buttons, display 
­%­!; � (Nq Q!] ; \ ; •; X!\QN"X XQ� +QN; N!­ !Q (••Q= XQN!\Q••"N[ !] ; +•(%"N[ !\(X_f xQ� ; 

programming language will be used to program the microcontroller to allow connecting 

!] ; XQN!\Q• _; %­ (Nq q"­+•(% ­%­!; � f 

I ] "­ ­%­!; � "­ ; >+; X!; q !Q U<••% "� +•; � ; N! !] ; \; Y<"\; q XQNN; X!"{"!% ) ; != ; ; N 

� "X\QXQN!\Q••; \ (Nq !] ; j mom\"{; (Nq XQN!\Q• _; %­ (Nq q"­+•(% ­%­!; � (Nq (qq"N[ ­Q� ; 

electronics to ; N() •; •"­!; N !Q !] ; ­Q<Nq = "!] Q<! ] ; ( q+] QN; ­f F N !] ; Q!] ; \ ] (Nq, "! � <­! 

guarantee the correct access to the functions already supported by the CD-Drive. 
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1.2 Literature Review 
I ] "­ +\Q$; X! "­ !] ; U"\­! +\Q$; X! QU "!­ _"Nq "N Q<\ <N"{; \­"!%, ) <! !] ; \; (\; ­Q� ; j mom\"{; 

+\Q$; X!­ "N !] ; = ; ) !] ( ! � ( !X] Q<\ +\Q$; X!f 

3 ; X(N X(!; [ Q\"™; !] ; d"!; \(!<\; x<\{; % "N!Q !=Q � ( "N [ \Q<+­S 

PPU Projects: 
0 ­ = ; ] (q � ; N!"QN; q "!i­ !] ; U"\­! QN; UQ\ !] ; +\Q$; X! "q; ( f 

Other Projects: 
I ] \Q<[ ] ­; ( \X] "N[ !] ; 3 ; ) , = ; ] (q ­; ; N {(\"Q<­ (Nq q"UU; \; N! +\Q$; X!­ (Nq ­<[ [ ; ­!"QN­ 

!(X_•"N[ !] ; "q; ( QU !] "­ +\Q$; X!, ­Q� ; QU !] ; � (\; !"[ ] !•% \; •( !; q !Q "!, ­<X] (­S 

1. "Mp3 CD-Player project" 
Project Description: 
I ] "­ +\Q$; X! "­ () •; !Q +•(% j m­ containing mp3-files, Audio j m­ (Nq Q+!"QN(••% "! ] ( ­ ( 

) <"•qo"N ] (\ q q\"{; f 0 ) Q<! r& ] Q<\­ QU XQN!"N<Q<­ � <­"X U"! QN ( standard CD-R, the ] (\ q 

q\"{; used (20 GB), j kV, /0' , ­Q<Nq X(\ q­, U•Q++% fff 7•W 

Relationship to our project: 
I ] "­ +\Q$; X! "­ \; •( !; q !Q Q<\ +\Q$; X! "q; ( , "­Q•(!"N[ !] ; j mom\"{; SU\Q� XQ� +<!; \, ( •­QS 

rf V­"N[ ( � +•"U"; \­ (Nq q"­+•(% ­X\; ; Nf 

2. Using ) <!!QN­ UQ\ XQN!\Q•f 

5 <! !] ; \; ­!"•• [ ; N; \( • ­X] ; � ( ­ !] ( ! � (% <­; N; = = (%­, ­<X] (­S 

1. This +\Q$; X! = "•• NQ! \; (q � +T U"•; ­f 

&f I ] "­ +\Q$; X! = "•• NQ! <­; ] (\q q"­_f 
Tf I ]"­ +\Q$; X!, "N [ ; N; \( • <­; ­ U;= ; \ XQ� +QN; N! (Nq ­� ( ••; \ ­QU!= (\ ; , (Nq � (_; ­ 

U;= ; \ U<NX!"QN­f 

T 



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

Project Description: 
I ] "­ +\Q$; X! ("� ; q !Q q; ­"[ N ( X] ; (+ j m +•(%; \ UQ\ +] QN; ­%­!; � ­o ( q; {"X; !] ( ! +•(%­ 

j mi­ = "!] \; XQ\q"N[ ­ QU � <­"X (Nq +; Q+•; f I ] ; ­"[ N( •­ U\Q� !] "­ q; {"X; = Q<•q ) ; U;q "N!Q 

( !; •; +] QN; ­%­!; � f 3 ] ; N; {; \ ­Q� ; ) Qq% = Q<•q \"N[ <+ !] ; ) <­"N; ­­ (Nq [ ; ! a+<! QN 

hold", they = Q<•q ] ; (\ !] ; CD. [2] 

Relationship to our project: 
I ] "­ +\Q$; X! "­ \; •( !; q !Q Q<\ +\Q$; X! ) ; X(<­; "! XQNN; X!­ !] ; j mom\"{; = "!] !] ; 

� "X\QXQN!\Q••; \ , ( •­Q <­"N[ !] ; j mom\"{; ( ­ ( ­!(Nq (•QN; ­%­!; � U\Q� !] ; XQ� +<!; \, ( •­Q 

XQN!\Q••"N[ !] ; +•(%"N[ !\( X_f 
5 <! !] ; \; ­!"•• [ ; N; \( • q"UU; \; NX; ­ U\Q� Q<\ +\Q$; X! ­<X] ( ­ XQNN; X!"N[ !; •; +] QN% ­%­!; � f 
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1.4 Estimated Cost 

I ] "­ ­; X!"QN •"­!­ !] ; Q{; \(•• XQ­! !] (! "­ XQN­"q; \; q "N "� +•; � ; N!"N[ !] ; ­%­!; � f I ] ; XQ­!­ 

(\ ; q"{"q; q "N!QS ] (\ q= (\; XQ­!­ (Nq ­QU!= (\; XQ­!­f 

Hardware Estimated Cost 

Table 1- 1: Hardware Cost 

Component j Q­!e 

[o ] 
db Rs®e-ewe@ewe@wee@wee@sews4NANNA»o 2oo ] 

i 

... ' ,K, ff -··· . 
PIC ' "X\QXQN!\Q••; \ 

f o f f ooZ .... 
A kCj k\Q[\ ( � � ; \ 

LCD m"­+•(% 

I·- KXKmKoKmKNK· {K; KKK, K&Kg KK KKf• 

I . f f · · · oo . 

S kQ= ; \ ­<++•% h 

5 <!!QN­ 
""l ... . .. l 

Amplifier i 5 
1----.-. ------------------- -. ,-, __ __,I ~! 

C 

I x+; (_; \ h 

Cables h 

, ' "­X; ••(N; Q<­ . I &g 
! ooooo 

Software Estimated Cost 

Table 1- 2: Software Cost 
nos»sos Nono om». 
! Software j Q­! 
i 
! Software C� +•; � ; N!(!"QN • &gge · 
I ... ----- - ... --------· . - ------- --- -- 

h 



1.5 Time Schedule 
I ] ; UQ••Q= "N[ !( ) •; "••<­!\( !; ­ ] Q= !] ; !"� ; = "•• ) ; � (N( [ ; q !Q \; (X] !] ; [ Q( •f I ] "­ !"� ; 

� (N( [ ; � ; N! ("� ­ !Q X•( \"U% ; (X] ­!; + QU !] ; +\Q$; X! (Nq [ <(\ (N!; ; ­ !] ; U<•• XQ� +•; !"QN QU 

!] ; Q{; \( •• ­%­!; � f 

Table 1- 3: Time Schedule 
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1.6 Report Contents 
I ] ; qQX<� ; N!(!"QN UQ\ !] "­ +\Q$; X! "­ Q\[ (N"™; q "N!Q ­; {; N X] (+!; \­f : (X] X] (+!; \ 

XQNX; \N­ ="!] ( •Q[ "X(• Q\ +] %­"X(• +(\! QU !] ; ­%­!; � f C! ­; ; � ­ !Q ] ({; ( ] "; \( \X] "X(• 

­X] ; � ( UQ\ ­"� <•(!"N[ !] ; ­%­!; � f MQ= ; {; \, !] ; followings summarize briefly =] (! ; (X] 

X] (+!; \ ="•• ; >+•("NS 

• Chapter One: Introduction 
I ] "­ X] (+!; \ q; � QN­!\( !; ­ (N Q{; \{"; = () Q<! !] ; ­%­!; � , ­%­!; � q; ­"[N Q+!"QN­, ( 

•"!; \(!<\; \; {"; = , ; ­!"� (!; q XQ­! (Nq !"� ; +•(NN"N[ f 

• Chapter Two: Theoretical Background 
I ] "­ X] (+!; \ UQX<­; ­ QN !] ; Q\"; ­ (Nq � (!; \"(•­ !] (! (\ ; \; •(!; q !Q Q<\ ­%­!; � Q+; \(!"QN 

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

• Chapter Three: Design Concepts 
I ] "­ X] (+!; \ q; ­X\") ; ­ !] ; ­%­!; � � "!­ () ­!\(X! UQNN<•( f C! q; ­X\") ; ­ !] ; +\Q$; X! 

Q)$; X!"{; ­, ( [ ;N; \( • ) •QX_ q"([ \( � (Nq ] Q= !] ; ­%­!; � =Q\_­f 

e Chapter Four: Hardware System Design 
I ] "­ X] (+!; \ q"­X<­­; ­ ­%­!; � q; ­"[N Q+!"QN­ (Nq $<­!"U"; ­ !] Q­; !] (! (\ ; X] Q­; N "N !] ; 

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

• Chapter Five: Software System Design 
I ] "­ X] (+!; \ ] (Nq•; ­ !] ; ­QU!=(\; \; •(!; q !Q Q<\ ­%­!; � , q; +"X!­ U•Q= X] (\!­ () Q<! ­%­!; � 

Q+; \( !"QN (Nq "••<­!\(!; ­ q"UU; \; N! (•[ Q\"!]� ­ (Nq !; X] N"Y<; ­ !] (! ="•• ) ; XQN­"q; \; q "N 

=\"!"N[ !] ; ­QU!= (\; f 

• Chapter Six: System Implementation and Testing 
I ] "­ X] (+!; \ � (N"U;­!­ !] ; "� +•; � ; N!(!"QN +\QX; q<\; ­ !Q ) ; (X!; q ­Q (­ !Q "N!; [ \(!; !] ; 

+\Q$; X!f I ] ; N, ( ­; Y<; NX; QU +\QX; q<\(• !; ­!"N[ ="•• ) ; •"­!; qf I ] ; !; ­!"N[ XQ� +\"­; ­ ) Q!] 

­QU!= (\ ; (Nq ] (\q= (\; !; ­!"N[ f 

R 



o Chapter Seven: Conclusions and Future Work 
I ] "­ X] (+!; \ •"­!­ !] ; +\Q) •; � ­ U(X; q <­ "N (XXQ� +•"­] "N[ !] ; ­%­!; � (Nq ] Q= q"q !] ; % 

\; ­Q•{; qf · Q!; ­ (Nq j QNX•<­"QN­ = "•• ] ; •+ \; (q; \­ (\; (•­Q "NX•<q; qf 0 U<!<\; = Q\_ "­ (•­Q 

+\Q+Q­; qf 

u 
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&f&fT x+; X"(• p<NX!"QN / ; [ "­!; \­ 

2.2.4 CF kQ\!­ 

2.2.5 0 N(•Q[ !Q q"[ "!( • XQN{; \!; \ 

2.2.6 I "� ; \­ 

2.2.7 CN­!\<X!"QN x; ! x<� � ; \% 

2.3 LCD m"­+•(% 

b 
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2.2 kCj � "X\QXQN!\Q••; \ 

2.2.1 m; {"X; p; (!<\; ­ 
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Chapter Two 

Theoretical Background 

I ] "­ j ] (+!; \ !( •_­ () Q<! !] ; ] ( \q= ( \; !] ; Q\; !"X( • ) (X_[ \Q<Nq !] ( ! = "•• ) ; <­; q "N !] "­ 

+\Q$; X!f 

2.1 The CD-Drive: 

2.1.1 General Description 
j mo/ F ' nj Q� +(X! m"­_ / ; (q F N•% ' ; � Q\%. "­ ( q\"{; = ] "X] \; (q­ (•<� "N<� oXQ(!; q 

\Q<Nq +•( ­!"X q"­X­f I ] ; j mo/ F ' ­!(Nq(\q was officially introduced in r bu&f 

j mo/ F ' q\"{; ­ XQNN; X! !Q (N Cm: +Q\! QN !] ; � Q!] ; \) Q(\q Q\ ] (\ q q\"{; "N!; \U(X; X(\qf 

Cm: j mo/ F ' q\"{; ­ <­; ­!(Nq(\ q 0 I 0k C XQ� � (Nq ­; ! UQ\ XQN!\Q••"N[ f Cm: "­ 

XQ� � QN•% <­; q for CD-ROM's in ­!(Nq(\q XQ� +<!; \­ !Qq(%f 

· Q= (q(%­ !] ; \; (\; != Q XQ� � QN•% <­; q j m/ F ' "N!; \U(X; ­ <­; q "N kj ­S Cm: (Nq xj xCf 

IDE CD-ROMs are !] ; � Q­! XQ� � QN "N NQ\� ( • kj ­f SCSI CD-ROMs are XQ� � QN•% 

<­; q "N ] "[ ] o; Nq kj ­ (Nq = Q\_­!(!"QN­f x+; X"U"X(!"QN­ UQ\ xj xC (Nq 0 I 0 !!(X] � ; N! 

k(X_; ! CN!; \U(X; n0 I 0k C. j m q\"{; ­ ] ({; •QN[ ) ; ; N ; ­!() •"­] ; q, ) <! •"!!•; !; ­!"N[ ] ( ­ 

) ; ; N qQN; !Q ; N­<\; !] (! q\"{; ­ XQNUQ\� !Q !] ; ­; ­!(Nq(\ q­f 5 Q!] 0 I 0 !!(X] � ; N! k(X_; ! 

Interface (ATAPI) and SCSI drive command set for reading audio CDs (for more 
"NUQNN(!"QN ­; ; ­ a0 I 0 k(X_; ! CN!; \U(X; for CD-ROMs" and axj xCoT ' <•!"� ; q"( 

j Q� � (Nq­a 

0 <q"Q q(!( X(N ) ; \; (q U\Q� ( j mo/ F ' q\"{; ) % ­; Nq"N[ "! ( / ; (q j m XQ� � (Nq (Nq 

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 
\; U•; X! (N ; >!\( •(%; \ QU ; \\Q\ XQ\\ ; X!"QN NQ! ({("•() •; !Q ­; X!Q\­ XQN!("N"N[ q"[ "!( • (<q"Qf 

Data tracks also contain "formatted Q-sub code data" that confirm to the drive exactly 
= ]"X] ­; X!Q\ "­ X<\\ ; N!•% ) ; "N[ \; (qf 3 "!]Q<! !]"­ ; >!\( "NUQNN(!"QN, (XX<\( !; +Q­"!"QN"N[ 

QU !] ; \; (q ] ; (q (Nq ; \\Q\oU\; ; !\(N­� "­­"QN QU (<q"Q q(!( "­ q"UU"X<•!f 7TW 
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2.1.2 CD-ROM ' ; q"( Organization 
The formats written on the CD-ROM and CD-DA (Digital Audio) media require special 

"N!; \U(X"N[ XQN­"q; \( !"QN­f 

m"­X­ � (% XQN!("N (<q"Q, q(!( Q\ ( � ">!<\; QU !] ; != Qf 

The Sector: 
I ] ; physical format defined ) % !] ; j mo/ F ' � ; q"( ­!(Nq(\ q­ +\Q{"q; ­ &Th& ) %!; ­ +; \ 

­; X!Q\f pQ\ <­<(• XQ� +<!; \ q(!( (++•"X(!"QN­, &gcu ) %!; ­ (\; <­; q UQ\ <­; \ q(!( , r & ) %!; ­ 

UQ\ ( ­%NX] \QN"™(!"QN U"; •q, c ) %!; ­ UQ\ ( ­; X!Q\ (qq\; ­­ !( [ U"; •q and 288 bytes. 

0 j mo/ F ' +] %­"X(• ­; X!Q\ ­"™; "­ &gcu, &gh&, &ghy, &T&c, 2332, 2336, 2340 Q\ &Th& 

bytes per sector. These values correspond to the user data plus various configurations of 

] ; (q; \, ­<) ] ; (q; \ and EDC/ECC. 

The Track: 
0 !\(X_ � (% ) ; {"; = ; q (­ ( +(\!"!"QN QU !] ; j mo/ F ' (qq\; ­­ ­+(X; f 0 j mo/ F ' � ; q"( 

contains from one !Q N"N; !%oN"N; !\( X_­f All information sectors QU ( !\(X_ (\ ; \; Y<"\; q !Q 

) ; QU !] ; ­( � ; !%+; n (<q"Q Q\ q(!( . (Nq � Qq; f : (X] X] (N[ ; "N !] ; !%+; QU "NUQNN(!"QN QN 

!] ; q"­X \; Y<"\; ­ ( X] (N[ ; "N !\(X_ N<� ) ; \f 0 disc containing both (<q"Q (Nq q(!( = Q<•q 

] ({; (! •; ( ­! !=Q !\(X_­, QN; UQ\ (<q"Q (Nq QN; UQ\ q(!( f 
I ] ; !\(X_­ QU ( j m � ; q"( (\ ; N<� ) ; \; q XQN­; X<!"{; •% = "!] {( •<; ­ ) ; !=; ; N r (Nq bbf 

MQ= ; {; \, !] ; U"\­! "NUQ\� ( !"QN !\(X_ � (% ] ({; ( N<� ) ; \ [\ ; ( !; \ !] (N 1. I \(X_­ ] ({; ( 

� "N"� <� •; N[ !] of 300 sectors "NX•<q"N[ (N% !\(N­"!"QN (\; ( !] ( ! "­ +(\! QU ( !\(X_f 

I ] ; j mo/ F ' � ; q"( ­!(Nq( \q­ \; Y<"\; !\(N­"!"QN (\; ( ­ ) ; !=; ; N !\( X_­ ; NXQq; q = "!] 

different types of information. In addition, transition areas may be used at the beginning 

Q\ ; Nq QU (N% !\(X_f 

Areas inside the Media: 
j mo/ F ' � ; q"( ] ({; •; (qo"N (Nq •; (qoQ<! (\ ; ( ­f I ] ; ­; (\; ( ­ (\; Q<!­"q; QU !] ; <­; \o 

accessible area. The lead-in area of the media is designated track zero. The lead-out area 
"­ q; ­"[N(!; q track OAAh. The ­<) oX] (NN; • L "N !] ; •; (qo"N !\( X_ XQN!("N­ ( !() •; QU 

contents (TOC) of !] ; q"­Xf 

rr 



The Table of Contents: 

I ] ; !() •; QU XQN!; N!­ [ "{; ­ !] ; () ­Q•<!; ' xp •QX(!"QN QU !] ; first information sector QU 

each track. Control information (audio/data, method of audio encoding, etc.) 
I ] ; ' xp 0 qq\; ­­ "­ !] ; +] %­"X(• (qq\; ­­ = \"!!; N QN j mo/ F ' q"­X­f C! "­ ; >+\; ­­; q ( ­ ( 

­; X!Q\ XQ<N! \; •( !"{; !Q ; "!] ; \ !] ; ) ; [ "NN"N[ QU !] ; � ; q"<� n() ­Q•<!; . Q\ !Q !] ; ) ; [ "NN"N[ 

QU the current track n\; •( !"{; . f 
The MSF locations of the beginning of data tracks in the TOC are required to be 
(XX<\( !; A ] Q= ; {; \, !] ; I F j {( •<; ­ UQ\ (<q"Q !\(X_­ ] ({; ( !Q•; \( NX; QU +•<­ Q\ � "N<­ Rh 

­; X!Q\­f CNUQ\\N( !"QN U\Q� !] ; I F j X(N ) ; <­; q !Q \; +•% !Q ( /: 0m j mo/ F ' 

CAPACITY command. When this is done, the drive implementer shall consider the 

+Q­­") •; !Q•; \(NX; ­ (Nq \; !<\N ( {( •<; !] (! (••Q= ­ (XX; ­­ !Q (•• "NUQ\� ( !"QN ­; X!Q\­f 

The Index: 
0 N "Nq; > "­ ( +( \!"!"QN QU ( !\(X_f k\; o[ (+ (\; ( ­ (\; ; NXQq; q = "!] (N "Nq; > {( •<; QU ™; \Qf 

k(<­; (\; ( ­ ( ! the beginning of (<q"Q !\(X_­ (\ ; ( •­Q ; NXQq; q = "!] (N "Nq; > {( •<; QU ™; \Qf 

I ] ; U"\­! "NUQ\� ( !"QN ­; X!Q\ QU ( !\(X_ ] ( ­ (N "Nq; > {( •<; QU QN; f j QN­; X<!"{; {( •<; ­ <+ 

to 99 are permitted. Index information is not contained in the TOC. Not all sectors are 
; NXQq; q = "!] the index value "N the Q-sub-channel data n!] ; \; Y<"\; � ; N! "­ b Q<! QU rg.f 

0 ­; X!Q\ = "!] Q<! (N "Nq; > {( •<; "­ +\; ­<� ; q !Q ] ({; !] ; ­( � ; "Nq; > (­ !] ; +\; X; q"N[ 

­; X!Q\f 

2.1.3 CD-ROM Physical Data Format 
I ] ; +] %­"X( • UQ\ � ( ! QU j mo/ F ' (Nq j mom0 � ; q"( <­; ­ ( ­� ( ••; \ <N"! QU 

­%NX] \QN"™(!"QN !] (N !] ; � Q\; U(� "•"( \ � ( [N; !"X Q\ Q+!"X( • \; XQ\q"N[ ­%­!; � ­f I ] ; ) ( ­"X 

q( !( ­!\; ( � ­%NX] \QN"™(!"QN <N"! "­ ( ­� ( •• U\( � ; f I ] "­ "­ NQ! !] ; ­( � ; •(\ [ ; U\( � ; 

n­; X!Q\. as referred to "N the MSF unit. : (X] ­� ( •• U\(� ; XQN­"­!­ QU huu ) "!­f 0 ­; X!Q\ QN 

j mo/ F ' � ; q"( XQN­"­!­ of 98 small U\(� ; ­f 

0 j mo/ F ' ­� ( •• U\( � ; XQN­"­!­ QUS 

1. r ­%NX•<· QN"™(!"QN +(!!; \N n&c~T ) "!­. 

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

Tf &c ) %!; ­ QU q(!( n&c x (14+3) bits) 

r & 



4. 8 bytes QU j C/j code (8 x nr c~T. ) "!­. I Q!( •S huu ) "!­f 

m( !( , ­<) oX] (NN; • (Nq j C/j ) %!; ­ ( \; ; NXQq; q = "!] an 8-bit to r co) "! XQq; A !] ; N !]\ ; ; 

� ; \[ "N[ ) "!­ ( \; (qq; qf I ] ; � ; \[ "N[ ) "!­ (\; X] Q­; N !Q +\Q{"q; � "N"� <� •Q= U\; Y<; NX% 

­"[ N( • XQN!; N! (Nq Q+!"� "™; +] ( ­; •QX_ •QQ+ +; \UQ\� (NX; f 

2.1.3.1 Frame Format for Audio 
: (X] ­� ( •• U\( � ; QU (N (<q"Q !\(X_ QN ( !=QoX] (NN; • j mom0 Q\ j mo/ F ' � ; q"( XQN­"­!­ 

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 
U\( � ; f : (X] U\( � ; !(_; ­ (++\Q>"� ( !; •% rTyfgh­ !Q +•(%f I ] "­ [ "{; ­ ( ­(� +•"N[ \(!; QU 

44.1 kHz for ; (X] X] (NN; •f I ] ; ­<) oX] (NN; • "NUQ\� ( !"QN X\; ( !; ­ !] ; ] "[] ; \ •; {; • ­; X!Q\ 

[\ Q<+"N[ UQ\ (<q"Q !\( X_­f 

2.1.3.2 Sector Format for Data 
I ] ; q(!( ) %!; ­ QU bu ­� ( •• U\( � ; ­ XQ� +\"­; !] ; +] %­"X( • <N"! QU q(!( \; U; \\ ; q !Q ( ­ ( 

­; X!Q\f nbu ­� ( •• U\( � ; ­ !"� ; ­ &c ) %!; ­ +; \ ­� ( •• U\( � ; equals 2352 bytes QU q(!( +; \ 

­; X!Q\f. 

A sector that contains CD-ROM Data Mode 1 data has the following format: 

1. 12-byte synchronization U"; •q 

2. 4-byte CD-ROM q(!( ] ; (q; \ 

0 ) ­Q•<!; ' U"; •q 

0 ) ­Q•<!; x U"; •q 

0 ) ­Q•<!; p U"; •q 

j mo/ F ' q( !( � Qq; U"; •q 

3. 2048-byte user q(!( U"; •q 

cf co) %!; ; \\Q\ q; !; X!"QN XQq; 

hf u ) %!; ­ ™; \Q 
6. 276-byte layered ; \\ Q\ XQ\\ ; X!"QN XQq; 
0 ­; X!Q\ !] ( ! XQN!( "N­ j mo/ F ' m( !( ' Qq; 2 q( !( ] ( ­ !] ; UQ••Q= "N[ UQNN(!S 

l. 12-byte synchronization U"; •q 

2. 4-byte CD-ROM q(!( ] ; (q; \ 

0 ) ­Q•<!; ' U"; •q 

r T 



cf u ) %!; ­ QU j C/j code (8 x nr c~T. ) "!­. I Q!( •S huu ) "!­f 

m( !( , ­<) oX] (NN; • (Nq j C/j ) %!; ­ ( \; ; NXQq; q = "!] an 8-bit to r co) "! XQq; A !] ; N !]\ ; ; 

� ; \[ "N[ ) "!­ ( \; (qq; qf I ] ; � ; \[ "N[ ) "!­ (\; X] Q­; N !Q +\Q{"q; � "N"� <� •Q= U\; Y<; NX% 

­"[ N( • XQN!; N! (Nq Q+!"� "™; +] ( ­; •QX_ •QQ+ +; \UQ\� (NX; f 

2.1.3.1 Frame Format for Audio 
: (X] ­� ( •• U\( � ; QU (N (<q"Q !\(X_ QN ( !=QoX] (NN; • j mom0 Q\ j mo/ F ' � ; q"( XQN­"­!­ 

of six digitized 16-bit samples of each audio channel. These 24 bytes of data are 
XQ� ) "N; q = "!] ( ­%NX] \QN"™(!"QN +(!!; \N, j C/j ) %!; ­ (Nq ( ­<) oX] (NN; • ) %!; !Q � (_; ( 

U\( � ; f : (X] U\( � ; !(_; ­ (++\Q>"� ( !; •% rTyfgh­ !Q +•(%f I ] "­ [ "{; ­ ( ­(� +•"N[ \( !; QU 

44.1 kHz for ; (X] X] (NN; •f I ] ; ­<) oX] (NN; • "NUQ\� ( !"QN X\; ( !; ­ !] ; ] "[ ] ; \ •; {; • ­; X!Q\ 

[\ Q<+"N[ UQ\ (<q"Q !\(X_­f 

2.1.3.2 Sector Format for Data 
I ] ; q(!( ) %!; ­ QU bu ­� ( •• U\( � ; ­ XQ� +\"­; !] ; +] %­"X( • <N"! QU q(!( \; U; \\ ; q !Q ( ­ ( 

sector. (98 small U\( � ; ­ !"� ; ­ &c ) %!; ­ +; \ ­� ( •• U\( � ; equals 2352 bytes QU q(!( +; \ 

­; X!Q\f. 

A sector that contains CD-ROM Data Mode 1 data has the following format: 

1. 12-byte synchronization field 
2. 4-byte CD-ROM q(!( ] ; (q; \ 

0 ) ­Q•<!; ' U"; •q 

0 ) ­Q•<!; x U"; •q 

0 ) ­Q•<!; p U"; •q 

j mo/ F ' q( !( � Qq; U"; •q 

3. 2048-byte user q(!( U"; •q 

cf co) %!; ; \\Q\ q; !; X!"QN XQq; 

hf u ) %!; ­ ™; \Q 

6. 276-byte layered ; \\ Q\ XQ\\ ; X!"QN XQq; 
A sector that contains CD-ROM Data Mode 2 data has the following format: 

l. 12-byte synchronization U"; •q 

2. 4-byte CD-ROM q(!( ] ; ( q; \ 

0 ) ­Q•<!; ' U"; •q 

r T 



0 ) ­Q•<!; x U"; •q 

0 ) ­Q•<!; p U"; •q 

j mo/ F ' q( !( � Qq; U"; •q 

3. 2336-byte user q(!( U"; •q n&gcu ) %!; ­ QU � Qq; r q(!( plus 288 bytes QU (<>"•"(\ % q(!( . 

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, 

q; ­"[N(!; q k, L, R, S, T, U, V, W. 
x<) oX] (NN; • P "­ ( ­"� +•; U•( [ ) "! !] ( ! � (% ) ; <­; q UQ\ (<q"Q � <!"N[ XQN!\Q• (Nq !\(X_ 

) Q<Nq(\ % q; !; \� "N(!"QNf 
x<) oX] (NN; • L ] ( ­ ( ] "[ ] ; \ •; {; • QU ­!\<X!<\; f 0 •• !] ; ­<) oX] (NN; • L ) "!­ QU ( ­; X!Q\ 

q; U"N; !] ; ­<) oX] (NN; • L "NUQ\� (!"QN ) •QX_f npQ\ (<q"Q !\(X_­, q; XQq"N[ !] ; L ­<) o 

X] (NN; • "­ !] ; QN•% = (% !Q q"­!"N[<"­] ­; X!Q\ ) Q<Nq(\"; ­f. 
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 

+\Q{"q; ­ location information and "­ q; U"N; q (­ UQ••Q= ­S 

1. 2-bit ­<) oX] (NN; • ­%NX] \QN"™(!"QN U"; •q 

&f co) "! 0m / U"; •q nq; U"N; ­ !] ; UQ\� ( !. 

Tf co) "! XQN!\Q• field (defines !] ; !%+; of information in !] "­ ­; X!Q\. 

cf uo) "! !\(X_ N<� ) ; \ 

hf uo) "! "Nq; > N<� ) ; \ 

yf &co) "! !\(X_ relative MSF address 

Rf u ) "!­ / ; ­; \{; q ng. 

uf &co) "! Absolute MSF address 
9. 16-bit CRC error detection code 
I ] "­ UQ\� ( ! "­ \; Y<"\; q !Q ; >"­! "N (! •; ( ­! N"N; Q<! QU !; N XQN­; X<!"{; ­; X!Q\­f 
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2.1.4 Physical CN!; \U(X; 

···················· ···················· 
[ipial Audi 

Sund Lard 0npgctfcn 
Juriper Elk 4 Pin IEE Irlerlste 

Figure 2-1: CD Drive Interface 

: {; \% j mo/ F ' q\"{; XQN!("N­ ( •Q[ "X ) Q(\qf 0 ­ ="!] !] ; ] (\q q"­_ q\"{; , !] ; $Q) QU· 

!] "­ ) Q(\ q "­ !Q ) Q!] XQN!\Q• !] ; q\"{; (Nq "N!; \U(X; to !] ; kj ; "!] ; \ using IDE/ATAPI or 
xj xC, !]; XQNN; X!Q\­ (Nq $<� +; \­, (Nq !] ; ­"[N(•­ QU !] ; X() •; ="•• ) ; q; ­X\") ; q "N 

q; !("•­f 

2.1.4.1 Connectors and Jumpers 

The connectors and $<� +; \­ QN ( j mo/ F ' (\ ; ­"� "•(\ "N � Q­! =(%­ !Q =] (! %Q< ="•• 

U"Nq QN ( ] (\q q"­_ q\"{; f ' ; \X"U<••%, j mo/ F ' q\"{; � (N<U(X!<\; \­ ] ({; qQN; ( � <X] 

) ; !!; \ $Q) QU ) ; "N[ (! •; ( ­! ­Q� ; = ] (! ­!(Nq(\ q"™; q "N !] ; <­; QU $<� +; \­ (Nq XQNN; X!Q\­, 

(Nq ; {; N "N =] ; \; !] ; % (\ ; •QX(!; q QN the drive. All j mo/ F ' ­ !] (! = ; ] ({; ­; ; N ] ({; 

!] ; "\ $<� +; \­ and connectors located (! !] ; ) (X_ QU !] ; q\"{; f 

Standard 4-pin power XQNN; X!Q\ QN !] ; ) (X_ QU ( \; [ <•(\ "N!; \N(• j mo/ F ' q\"{; , !] ; 

­( � ; _"Nq !] (! "­ <­; q UQ\ ] (\ q q"­_ q\"{; ­ (Nq � Q­! Q!] ; \ "N!; \N(• q; {"X; ­f I ] "­ "­ +\; !!% 

<N"{; \­(• (Nq "­ UQ<Nq QN � Q­! ; {; \% q\"{; f I ] ; Q!] ; \ XQNN; X!"QN­ (Nq $<� +; \­ q; +; Nq 

QN !] ; "N!; \U(X; !] (! !] ; q\"{; "­ <­"N[ A an IDE/ATAPI drive ="•• <­; q"UU; \; N! QN; ­ !] (N ( 
xj xC q\"{; UQ\ ; >( � +•; f For ATAPI, you ="•• U"Nq !] ; standard 40-pin data XQNN; X!Q\, 

(•QN[ ="!] $<� +; \­ !Q ­; •; X! !] ; q\"{; (­ ( � ( ­!; \ Q\ ­•({; q; {"X; f pQ\ xj xC, %Q< ="•• U"Nq 

( 50-pin connector and $<� +; \­ !Q ­; ! !] ; q; {"X; Cm (Nq !; \� "N(!"QNf 5<! "N Q<\ +\Q$; X! 

= ; ="•• <­; the IDE/ATAPI 
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F N; XQNN; X!Q\ !] (! "­ UQ<Nq QN ( j mo/ F ' (Nq NQ! QN ( ] (\q q"­_ q\"{; "­ !] ; (<q"Q 

XQNN; X!Q\ !] ( ! [ Q; ­ !Q !] ; ­Q<Nq X(\qf I ] "­ !] \; ; o Q\ UQ<\o= "\; X() •; "­ <­; q !Q ­; Nq j m 

(<q"Q Q<!+<! q"\; X!•% !Q !] ; ­Q<Nq X(\ q ­Q "! X(N ) ; \; XQ\q; q Q\ +•(%; q ) (X_ QN !] ; 

XQ� +<!; \i­ ­+; (_; \­f 

CDROM-IDE 40-Pin Connector 

& 40 
n n O D C O D O D D D O D O D D D O 

0 D O D C D D O D D O D O D O O D D O O 

39 n( ! !] ; XQN!\Q••; \ t +; \"+] ; \(•­. 

39 
u a n n n n a u n n a a 
n a u n n n n n n n I 

2 4 n(! !] ; X() •; . 

Figure 2-2: IDE Connector 

Standard IDE/ATA hard disks and ATAPI devices use two different connectors. The first 

"­ !] ; data connector, to = ] "X] the IDE/ATA cable ( !!(X] ; ­f I ] ; ­; XQNq "­ !] ; +Q= ; \ 

XQNN; X!Q\, = ] "X] XQ� ; ­ U\Q� !] ; +Q= ; \ ­<++•%, (Nq QU XQ<\­; , +\Q{"q; ­ +Q= ; \ !Q !] ; 

q\"{; f 

I ] ; \; (\; cg = "\; ­ "N ( regular IDE/ATA cable, ­Q "!i­ no surprise that !] ; \; (\ ; cg 

corresponding signals. 

2.1.4.2 Signal descriptions 
I ] ; "N!; \U(X; ­"[N(•­ (Nq +"N­ (\; q; ­X\") ; q "N ­Q� ; q; !("•­S 

CS10- (drive X] "+ ­; •; X! g. o TR 
I ] "­ "­ !] ; X] "+ ­; •; X! ­"[N( • q; XQq; q U\Q� !] ; ] Q­! (qq\; ­­ ) <­ <­; q !Q ­; •; X! !] ; 

j Q� � (Nq 5 •QX_ / ; ["­!; \­f 
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One connector that "­ UQ<Nq QN ( j mo/ F ' (Nq NQ! QN ( ] (\q q"­_ q\"{; "­ !] ; (<q"Q 

XQNN; X!Q\ !] ( ! [ Q; ­ !Q !] ; ­Q<Nq X(\qf I ] "­ !] \; ; o Q\ UQ<\o= "\; X() •; "­ <­; q !Q ­; Nq j m 

(<q"Q Q<!+<! q"\; X!•% !Q !] ; ­Q<Nq X(\ q ­Q "! X(N ) ; \; XQ\q; q Q\ +•(%; q ) (X_ QN !] ; 

XQ� +<!; \i­ ­+; (_; \­f 

CDROM-IDE 40-Pin Connector 

& 40 
nn a a a a a 
0 D O O D O D O D D C D O O C D O O O O 

39 n( ! !] ; XQN!\Q••; \ t +; \"+] ; \(•­. 

f r 39 
u a n n n a s n n nu a a 
n a n a u n n n DJ 

2 40 n( ! !] ; X() •; . 

Figure 2-2: IDE Connector 

Standard IDE/ATA hard q"­_­ (Nq 0 I 0k C q; {"X; ­ <­; !=Q different connectors. The U"\­! 

"­ !] ; data connector, to = ] "X] the IDE/ATA cable ( !!(X] ; ­f I ] ; ­; XQNq "­ !] ; +Q= ; \ 

XQNN; X!Q\, = ] "X] XQ� ; ­ U\Q� !] ; +Q= ; \ ­<++•%, (Nq QU XQ<\­; , +\Q{"q; ­ +Q= ; \ !Q !] ; 

q\"{; f 

I ] ; \; (\; cg = "\; ­ "N ( regular IDE/ATA cable, ­Q "!i­ no surprise that !] ; \; (\ ; cg 

corresponding signals. 

2.1.4.2 Signal descriptions 
I ] ; "N!; \U(X; ­"[N(•­ (Nq +"N­ (\; q; ­X\") ; q "N ­Q� ; q; !("•­S 

CS10- (drive X] "+ ­; •; X! 0)- 37 
I ] "­ "­ !] ; X] "+ ­; •; X! ­"[N(• q; XQq; q U\Q� !] ; ] Q­! (qq\; ­­ ) <­ <­; q !Q ­; •; X! !] ; 

j Q� � (Nq 5 •QX_ / ; ["­!; \­f 
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Cs31- ( q\"{; X] "+ ­; •; X! 1)-3 u r 

I ] "­ "­ !] ; X] "+ ­; •; X! ­"[ N( • q; XQq; q U\Q� !] ; ] Q­! (qq\; ­­ ) <­ <­; q !Q ­; •; X! !] ; j QN!\Q• 

5 •QX_ / ; [ "­!; \­f 

DA0-2 (Drive (qq\; ­­ bus) - 35, TT, Ty 

I ] "­ "­ !] ; To) "! ) "N(\% XQq; q (qq\; ­­ (­­; \!; q ) % !] ; ] Q­! !Q (XX; ­­ ( \; [ "­!; \ Q\ data port 

"N !] ; q\"{; f 

DASP- (Drive (X!"{; Eq\"{; r present)- 39 
I ] "­ "­ ( !"� ; o� <•!"+•; >; q ­"[N( • = ] "X] "Nq"X(!; ­ !] ( ! ( q\"{; "­ (X!"{; , Q\ !] ( ! m\"{; r "­ 

+\; ­; N!f I ] "­ ­"[N(• ­] ( •• ) ; (N Q+; N XQ••; X!Q\ Q<!+<! (Nq ; (X] q\"{; ­] ( •• ] ({; ( r FO 

Q] � +<••o<+ \; ­"­!Q\f 
m<\"N[ +Q= ; \ QN "N"!"( •"™(!"QN Q\ (U!; \ /: x: I o "­ N; [ (!; q, m0 xko ­] ( •• ) ; ( ­­; \!; q ) % 

Drive 1 within 400 m sec to indicate that Drive 1 is present. Drive O shall allow up to 450 
m sec for Drive 1 to assert DASP-. If Drive 1 is not present, Drive O may assert DASP- to 

q\"{; (N (X!"{"!% d: mf 
m0 xko ­] ( •• ) ; N; [ ( !; q UQ••Q= "N[ (XX; +!(NX; QU !] ; U"\­! {( •"q XQ� � (Nq ) % m\"{; r Q\ 

(U!; \ Tr ­; XQNq­, = ] "X] ; {; \ XQ� ; ­ U"\­!f 
Any time after negation of DASP-, either drive may assert DASP- to indicate that a drive 

"­ (X!"{; f 

DD0-DD15 nm\"{; q(!( bus)- [3-18] 
I ] "­ "­ (N uo Q\ r yo) "! ) "q"\; X!"QN(• q(!( ) <­ ) ; != ; ; N !] ; ] Q­! (Nq !] ; q\"{; f I ] ; •Q= ; \ u 

bits are used for 8-bit transfers e.g., register ECC bytes and if the drive supports the 

p; ( !<\; ­ / ; [ "­!; \ X(+() "•"!% !Q enable 8-bit-only data !\(N­U;\­f 

DIOR- nm\"{; I/0 read)- 25 
I ] "­ "­ !] ; / ; (q ­!\Q) ; ­"[N( •f I ] ; U(••"N[ ; q[ ; QU mCF / o ; N() •; ­ q(!( U\Q� ( \; [ "­!; \ Q\ 

!] ; data port of !] ; q\"{; QN!Q !] ; ] Q­! q(!( bus, DDO-DD7 or mmF ommr hf I ] ; \"­"N[ 

; q[ ; QU mCF / o •( !X] ; ­ q( !( (! !] ; ] Q­!f 
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pIOW- (Drive •EF write)- 23 
I ] "­ "­ !] ; 3 \"!; ­!\Q) ; ­"[ N( •f I ] ; \"­"N[ ; q[ ; QU mCF 3 o X•QX_­ q( !( U\Q� !] ; ] Q­! q( !( 

bus, DDO-DD7 or mmgommr h, "N!Q ( \; [ "­!; \ Q\ !] ; q( !( +Q\! QU !] ; q\"{; f 

DMACK- (DMA (X_NQ= •; q[ ; .o &b 
I ] "­ ­"[ N( • ­] ( •• ) ; <­; q ) % !] ; ] Q­! "N \; ­+QN­; !Q m' 0/ L !Q ; "!] ; \ (X_NQ= •; q[ ; !] ( ! 

q( !( ] ( ­ ) ; ; N (XX; +!; q, Q\ !] ( ! q( !( "­ ({( "•() •; f 

DMARQ (DMA request)- 21 
I ] "­ ­"[N( •, <­; q UQ\ m' 0 q(!( !\(N­U;\­ ) ; != ; ; N ] Q­! (Nq q\"{; , ­] ( •• ) ; ( ­­; \!; q ) % !] ; 

q\"{; = ] ; N "! "­ \; ( q% !Q !\(N­U;\ q(!( !Q Q\ U\Q� !] ; ] Q­!f 
I ] ; q"\; X!"QN QU q(!( !\(N­U;\ "­ XQN!\Q••; q ) % mCF / o (Nq mCF 3 of I ] "­ ­"[N( • "­ <­; q "N ( 

] (Nq­] (_; � (NN; \ = "!] m' 0 j Oo "f; f, !] ; q\"{; ­] ( •• = ("! <N!"• !] ; ] Q­! (­­; \!­ 

DMACK- before negating DMARQ, and re-asserting DMARQ if !] ; \; "­ � Q\; q(!( !Q 

!\(N­U;\f 
3] ; N ( m' 0 Q+; \( !"QN "­ ; N() •; q, CF j xr yo, j x•pz o, (Nq j xTpz o ­] ( •• NQ! ) ; (­­; \!; q 

(Nq !\( N­U;\­ ­] ( •• ) ; r yo) "!­ = "q; f 

INTRQ (Drive interrupt)-31 
I ] "­ ­"[N( • "­ <­; q to interrupt the ] Q­! system. INTRQ is ( ­­; \!; q QN•% = ] ; N the drive 
] ( ­ ( +; Nq"N[ "N!; \\ <+!, !] ; q\"{; "­ ­; •; X!; q, (Nq !] ; ] Q­! ] ( ­ X•; ( \; q NC: · "N !] ; m; {"X; 

j QN!\Q• / ; [ "­!; \f If nIEN=I, or !] ; q\"{; "­ NQ! ­; •; X!; q, !] "­ Q<!+<! "­ "N ( ] "[ ] 

"� +; q(NX; ­!( !; , \; [ ( \q•; ­­ QU !] ; +\; ­; NX; Q\ () ­; NX; QU ( pending interrupt. 

C·I / L ­] ( •• ) ; N; [ ( !; q ) %S 

o ( ­­; \!"QN QU /: x: I o Q\A 
- the setting of x/ xI QU !] ; m; {"X; j QN!\Q• / ; ["­!; \, Q\A 

0 

- the host writing the Command Register or; 

- the ] Q­! \; (q"N[ !] ; x!(!<­ / ; [ "­!; \f 
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IORDY (I/O channel ready)- 27 
I ] "­ ­"[ N( • "­ N; [ ( !; q !Q ; >!; Nq !] ; ] Q­! !\( N­U;\ X%X•; QU (N% ] Q­! \; [ "­!; \ (XX; ­­ n/ ; (q 

Q\ 3 \"!; . = ] ; N !] ; q\"{; "­ NQ! \; (q% !Q \; ­+QNq !Q ( q(!( !\(N­U; \ \; Y<; ­!f When IORDY 
"­ NQ! N; [ ( !; q, CF /m 4 ­] ( •• ) ; "N ( ] "[ ] "� +; q(NX; ­!( !; f 

PDIAG- (Passed diagnostics)- 34 
I ] "­ ­"[ N( • ­] ( •• ) ; (­­; \!; q ) % m\"{; r !Q "Nq"X(!; !Q m\"{; O !] ( ! "! ] ( ­ XQ� +•; !; q 

q"( [ NQ­!"X­ 

RESET- nm\"{; reset)- 1 
I ] "­ ­"[N(• U\Q� !] ; ] Q­! ­%­!; � ­] ( •• ) ; (­­; \!; q UQ\ (! least 25 u sec (U!; \ {Q•!( [ ; •; {; •­ 

] ({; ­!() "•"™; q q<\"N[ +Q= ; \ QN (Nq N; [ ( !; q !] ; \; (U!; \ <N•; ­­ ­Q� ; ; {; N! \; Y<"\; ­ !] ( ! 

the drive(s) be reset following power on. 

CSEL nj () •; ­; •; X!. o &u 
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 j x: d "­ Q+; N !] ; N !] ; q\"{; (qq\; ­­ "­ r 
x+; X"( • X() •"N[ X(N ) ; <­; q ) % !] ; ­%­!; � � (N<U(X!<\; \ !Q ­; •; X!"{; •% [\ Q<Nq CSEL. [3] 

2.1.4.3 DC Cable 
I ] ; q\"{; \; X; "{; ­ mj +Q= ; \ !]\ Q<[ ] ( co+"N Q\ ( •Q= o+Q= ; \ (++•"X(!"QN To+"N 

XQNN; X!Q\f 
0 q\"{; q; ­"[ N; q for 3,3V applications � (% ) ; +•<[ [ ; q "N!Q ( \; X; +!(X•; q; ­"[ N; q !Q 

(XX; +! ( q\"{; q; ­"[ N; q UQ\ x4 (++•"X(!"QN­, with 12V lines UQ\ (qq"!"QN(• +Q= ; \f C! "­ NQ! 

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 
\; X; +!(X•; q; ­"[N; q !Q (XX; +! ( q\"{; q; ­"[N; q UQ\ T,T4 (++•"X(!"QN­, = "!] x4 •"N; ­ UQ\ 

(qq"!"QN(• +Q= ; \f C! "­ NQ! (N!"X"+( !; q !] ( ! q(� ( [ ; XQ<•q QXX<\ !Q !] ; q\"{; , ) <! "! "­ 

•"_; •% !Q U("• "N an undetermined manner. 7RW 
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2.1.5 Logical CN!; \U(X; S 
I/O registers "N­"q; j mom\"{; q; ­X\"+!"QN­ 
j Q� � <N"X( !"QN !Q Q\ U\Q� !] ; q\"{; is through an •Eg / ; [ "­!; \ !] ( ! \Q<!; ­ !] ; "N+<! Q\ 

Q<!+<! q( !( !Q Q\ U\Q� \; [ "­!; \­f 

These registers can be categorized into two types: 
% The Control Block Registers are used for drive control and to post alternate status. 

I ] ; ­; \; [ "­!; \­ "NX•<q; S 

1. Device j QN!\Q• \; [ "­!; \ 

2. Alternate x!( !<­ \; [ "­!; \ 

• I ] ; j Q� � (Nq 5 •QX_ / ; [ "­!; \­ (\ ; <­; q UQ\ ­; Nq"N[ XQ�� (Nq­ !Q !] ; q\"{; Q\ 

kQ­!"N[ ­!(!<­ U\Q� !] ; q\"{; f 

I ] ; ­; \; [ "­!; \­ "NX•<q; S 

1. x!(!<­ \; [ "­!; \ 

2. Command register 
3. Cylinder high register 
cf j %•"Nq; \ •Q= \; [ "­!; \ 

hf m( !( \; [ "­!; \ 

yf m\"{; (qq\; ­­ \; [ "­!; \ 

Rf m\"{; E] ; ( q \; [ "­!; \ 

8. Error register 
9. Features \; [ "­!; \ 

10. Sector XQ<N! \; [ "­!; \ 

r r f x; X!Q\ N<� ) ; \ \; [ "­!; \ 

• Device control register 

Direction 
I ] "­ \; [ "­!; \ "­ = \"!"N[ QN•%f CU !] "­ (qq\; ­­ "­ \; ( q ) % !] ; ] Q­!, !] ; 0 •!; \N( !; x!( !<­ 

\; [ "­!; \ "­ \; (qf 

Access restrictions 

20 



I ] "­ register shall only ) ; = \"!!; N =] ; N m' 0 j Oo "­ not asserted. 

Effectiveness 

I ] ; XQN!; N! QU !] "­ \; [ "­!; \ ­] (•• !(_; ;UU; X! =] ; N =\"!!;Nf 

p<NX!"QN(• q; ­X\"+!"QN 

I ] "­ \; [ "­!; \ (••Q= ­ ( ] Q­! !Q ­QU!=(\; \; ­; ! (!!(X] ; q q; {"X; ­ (Nq !Q ; N() •; Q\ q"­() •; !] ; 

assertion of !] ; C·I / L ­"[ N(• ) % ( ­; •; X!; q q; {"X; f 3] ; N !] ; m; {"X; j QN!\Q• \; [ "­!; \ "­ 

= \"!!; N, ) Q!] q; {"X; ­ \; ­+QNq !Q !] ; = \"!; \; [ (\q•; ­­ QU =] "X] q; {"X; "­ ­; •; X!; qf 3 ] ; N 

!] ; x/ xI ) "! "­ ­; ! !Q QN; , ) Q!] q; {"X; ­ ­] (•• +; \UQNN !] ; 

xQU!= (\; \; ­; ! +\Q!QXQ•f I ] ; q; {"X; ­] (•• \; ­+QNq !Q !] ; x/ xI ) "! =] ; N "N !] ; xd: : k 

� Qq; f 

Field/bit description 

I 15 1 14 7 13 SS\ 12 I 11 10 9 3 I Data, 15; 

E 7 6 5 4 I 3 2 r Ci I [atat 7 

o Alternate status register 

Direction 
I ] "­ \; [ "­!; \ "­ \; (q QN•%f CU !] "­ (qq\; ­­ is written to ) % !] ; ] Q­!, !] ; m; {"X; j QN!\Q• 

\; [ "­!; \ "­ =\"!!; Nf 

Access restrictions 
3 ] ;N the BSY bit "­ ­; ! !Q QN; , !] ; Q!] ; \ ) "!­ "N !] "­ \; [ "­!; \ ­] (•• NQ! ) ; <­; qf I ] ; ; N!"\; 

XQN!; N!­ QU !] "­ \; [ "­!; \ (\; NQ! {(•"q =]"•; !] ; q; {"X; "­ "N x•; ; + � Qq; f 

Effect 
/ ; (q"NQ this register shall NQ! X•; (\ ( pending interrupt. o 

Functional description 
I ] "­ \; [ "­!; \ XQN!("N­ !] ; same information as !] ; x!(!<­ \; [ "­!; \ "N !] ; XQ�� (Nq ) •QX_f 
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• Status Register 

Direction 
I ] "­ \; [ "­!; \ "­ \; ( q QN•%f CU !] "­ (qq\; ­­ "­ = \"!!; N !Q ) % !] ; ] Q­!, !] ; j Q� � (Nq \; [ "­!; \ 

"­ = \"!!; Nf 

Access restrictions 
I ] ; XQN!; N!­ QU !] "­ \; ["­!; \, ; >X; +! UQ\ 5 x4 , ­] ( •• ) ; "[ NQ\; q = ] ; N 5 x4 "­ ­; ! !Q QN; f 

BSY is {( •"q (! (•• !"� ; ­f I ] ; XQN!; N!­ QU !] "­ \; [ "­!; \ (\; NQ! {( •"q = ] "•; ( q; {"X; "­ "N 

!] ; x•; ; + � Qq; f 

: UU; X! 
/ ; ( q"N[ !] "­ \; [ "­!; \ = ] ; N (N "N!; \\ <+! "­ +; Nq"N[ X(<­; ­ !] ; "N!; \\<+! +; Nq"N[ !Q ) ; 

X•; ( \; qf I ] ; ] Q­! ­] Q<•q NQ! \; ( q !] ; x!(!<­ \; [ "­!; \ = ] ; N (N "N!; \\ <+! "­ ; >+; X!; q ( ­ !] "­ 

� (% X•; (\ !] ; "N!; \\<+! +; Nq"N[ ) ; UQ\; !] ; C·I / L X(N ) ; \; XQ[ N"™; q ) % !] ; ] Q­!f 

Functional description 
I ] "­ \; [ "­!; \ XQN!( "N­ !] ; q; {"X; ­!(!<­f I ] ; XQN!; N!­ QU !] "­ \; [ "­!; \ (\; <+q( !; q !Q \; U•; X! 

the current state QU !] ; q; {"X; (Nq !] ; +\Q[\ ; ­­ QU (N% XQ� � (Nq ) ; "N[ ; >; X<!; q ) % !] ; 

q; {"X; f 

Field/bit description 

7 ,ff h 4 3 2 r g 
c, .. 

L::SY [RLY E µ, [RC CL sol et Obs let ERR 
fo\ 

Ce AA,r 

·-· .. 

• Command register 

Direction 
I ] "­ \; [ "­!; \ "­ = \"!"N[ QN•%f If !] "­ (qq\; ­­ "­ \; ( q ) % !] ; ] Q­!, !] ; x!( !<­ \; [ "­!; \ "­ \; (qf 

0 XX; ­­ \; ­!\"X!"QN­ 
pQ\ (•• XQ� � (Nq­ ; >X; +! m: 1 Cj : /: x: I , !] "­ \; [ "­!; \ ­] ( •• QN•% ) ; = \"!!; N = ] ; N 5 x4 

(Nq m/ L ( \; ) Q!] 
X•; ( \; q !Q ™; \Q and DMACK- is NQ! (­­; \!; qf If = \"!!; N when BSY or m/ L "­ ­; ! !Q QN; , 

!] ; \; ­<•!­ QU = \"!"N[ 
!] ; j Q� � (Nq \; [ "­!; \ are indeterminate except UQ\ !] ; m: 1 Cj : / : x: I XQ�� (Nqf pQ\ ( 

q; {"X; "N !] ; x•; ; + � Qq; , = \"!"N[ QU the Command register ­] ( •• ) ; "[ NQ\; q ; >X; +! UQ\ 
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= \"!"N[ QU !] ; m: 1 Cj : /: x: I XQ� � (Nq !Q ( q; {"X; !] ( ! "� +•; � ; N!­ the PACKET 

j Q� � (Nq U;( !<\; ­; !f 

Effect 
j Q� � (Nq +\QX; ­­"N[ ) ; [ "N­ = ] ; N !] "­ \; [ "­!; \ "­ = \"!!; Nf I ] ; XQN!; N! QU !] ; j Q� � (Nq 

5 •QX_ \; [ "­!; \­ ) ; XQ� ; +(\ ( � ; !; \­ QU !] ; XQ� � (Nq = ] ; N !] "­ \; ["­!; \ "­ = \"!!; Nf 3 \"!"N[ 

!] "­ \; [ "­!; \ X•; (\­ (N% pending interrupt condition. 

Functional description 
I ] "­ \; [ "­!; \ XQN!( "N­ the command code ) ; "N[ ­; N! !Q !] ; q; {"X; f j Q� � (Nq ; >; X<!"QN 

) ; [ "N­ "� � ; q"( !; •% (U!; \ !] "­ \; [ "­!; \ "­ = \"!!; Nf 

Field/bit description 

[= = 5 7IT 7 I I] 
k-llllk' 

• j %•"Nq; \ ] "[ ] \; [ "­!; \ 

Direction 
I ] "­ \; [ "­!; \ "­ \; ( qE= \"!; f 

Access restrictions 
I ] "­ \; [ "­!; \ ­] ( •• ) ; = \"!!; N QN•% = ] ; N ) Q!] 5 x4 (Nq m/ L (\ ; X•; (\ ; q !Q ™; \Q (Nq 

DMACK- is NQ! (­­; \!; qf 
I ] ; XQN!; N!­ QU !] "­ \; [ "­!; \ (\; {( •"q QN•% = ] ; N 5 x4 "­ X•; (\; q !Q ™; \Qf CU !] "­ \; ["­!; \ "­ 

written when 5 x4 or DRQ is ­; ! !Q QN; , !] ; \; ­<•! "­ "Nq; !; \� "N(!; f I ] ; XQN!; N!­ QU !] "­ 

\; [ "­!; \ ( \; NQ! {( •"q = ] "•; ( q; {"X; "­ "N !] ; x•; ; + � Qq; f 

Effect 
I ] ; XQN!; N! QU !] "­ \; [ "­!; \ ) ; XQ� ; ­ ( XQ� � (Nq +(\ (� ; !; \ = ] ; N !] ; j Q� � (Nq \; [ "­!; \ 

is written. 
Functional description 
I ] ; XQN!; N! QU !] "­ \; [ "­!; \ "­ XQ� � (Nq q; +; Nq; N!f 
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• Cylinder low register 

Direction 

I ] "­ \; [ "­!; \ "­ \; (qE= \"!; f 

Access restrictions 

I ] "­ \; [ "­!; \ ­] ( •• ) ; = \"!!; N QN•% = ] ; N ) Q!] 5 x4 (Nq m/ L (\; X•; ( \; q !Q ™; \Q (Nq 

DMACK- is NQ! (­­; \!; qf 

I ] ; XQN!; N!­ QU !] "­ \; [ "­!; \ (\; {( •"q QN•% = ] ; N 5 x4 "­ X•; (\ ; q !Q ™; \Qf CU !] "­ \; [ "­!; \ "­ 

= \"!!; N = ] ; N 5 x4 Q\ m/ L "­ ­; ! !Q QN; , !] ; \; ­<•! "­ "Nq; !; \� "N( !; f I ] ; XQN!; N!­ QU !] "­ 

\; [ "­!; \ (\ ; NQ! {( •"q = ] "•; ( q; {"X; "­ "N !] ; x•; ; + � Qq; f 

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

"­ =\" !!; Nf 

Functional description 

I ] ; XQN!; N! QU !] "­ \; [ "­!; \ "­ XQ� � (Nq q; +; Nq; N!f 

o Data register 

Direction 

I ] "­ \; [ "­!; \ "­ \; ( qE= \"!; f 

Access restrictions 
I ] "­ \; [ "­!; \ ­] ( •• ) ; = \"!!; N QN•% = ] ; N ) Q!] 5 x4 and DRQ are X•; (\ ; q !Q ™; \Q (Nq 

DMACK- is NQ! (­­; \!; qf 
I ] ; XQN!; N!­ QU !] "­ \; [ "­!; \ (\ ; {( •"q QN•% = ] ; N 5 x4 "­ X•; ( \; q !Q ™; \Qf CU !]"­ \; [ "­!; \ "­ 

= \"!!; N = ] ; N 5 x4 or DRQ is ­; ! !Q QN; , !] ; \; ­<•! "­ "Nq; !; \� "N( !; f I ] ; XQN!; N!­ QU !] "­ 

register are NQ! {( •"q = ] "•; ( q; {"X; "­ "N !] ; x•; ; + � Qq; f 
EAA. 

Effect 
I ] ; XQN!; N! QU !] "­ \; [ "­!; \ ) ; XQ� ; ­ ( XQ� � (Nq +( \( � ; !; \ = ] ; N !] ; j Q� � (Nq \; [ "­!; \ 

"­ = \"!!; Nf 

Functional description 
I ] ; XQN!; N! QU !] "­ \; [ "­!; \ "­ XQ� � (Nq q; +; Nq; N!f 
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Field/bit description 

l ~ 
15 14 { 12 I I ,f,fB 11 r g 9 8 

Dala 15:8; 

I 7 6 5 c I 3 2 r g I Data7: 

• Drive address register 
I ] "­ \; [ "­!; \ XQN!( "N­ !] ; "N{; \!; q q\"{; ­; •; X! (Nq ] ; ( q ­; •; X! (qq\; ­­; ­ QU !] ; X<\\; N!•% 

­; •; X!; q q\"{; 

• Drive/head register 

Direction 

I ] "­ \; ["­!; \ "­ \; ( qE= \"!; f 

Access restrictions 
I ] "­ \; [ "­!; \ ­] ( •• ) ; = \"!!; N QN•% = ] ; N ) Q!] 5 x4 (Nq m/ L (\; X•; ( \; q !Q ™; \Q (Nq 

DMACK- is NQ! (­­; \!; qf 

Effect 
I ] ; m: 1 ) "! ) ; XQ� ; ­ ; UU; X!"{; = ] ; N !] "­ \; [ "­!; \ "­ = \"!!; N ) % !] ; ] Q­! Q\ !] ; ­"[ N( !<\; 

"­ ­; ! ) % !] ; q; {"X; f 0 •• Q!] ; \ ) "!­ "N !] "­ \; [ "­!; \ ) ; XQ� ; ( XQ� � (Nq +( \( � ; !; \ = ] ; N !] ; 

j Q� � (Nq \; [ "­!; \ "­ = \"!!; Nf 

Functional description 
5 "! c, m: 1 , "N !] "­ \; ["­!; \ ­; •; X!­ !] ; q; {"X; f F !] ; \ ) "!­ "N !]"­ \; [ "­!; \ (\ ; XQ� � (Nq 

q; +; Nq; N!f 

Field/bit description 

R 6 5 4 
Obsol,:;.1-? : Obsolel DEV 

€ 

3 2 0 
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• Error register 

Direction 

I ]"­ \; [ "­!; \ "­ \; ( q QN•%f If !] "­ (qq\; ­­ "­ = \"!!; N !Q ) % !] ; ] Q­!, !] ; p; ( !<\; ­ \; [ "­!; \ "­ 

= \"!!; Nf 

Access restrictions 

I ] ; XQN!; N!­ QU !] "­ \; [ "­!; \ ­] ( •• ) ; {( •"q = ] ; N 5 x4 (Nq m/ L ; Y<( • ™; \Q (Nq : // 

; Y<( •­ QN; f I ] ; XQN!; N!­ QU !] "­ \; [ "­!; \ ­] ( •• ) ; {( •"q <+QN XQ� +•; !"QN QU +Q= ; \oQN, Q\ 

(U!; \ ( ] (\ q= (\; Q\ ­QU!= (\; \; ­; !, Q\ (U!; \ XQ�� (Nq XQ� +•; !"QN QU (N : z : j VI : 

m: 1 Cj : mC0v · F xI Cj x Q\ m: 1 Cj : /: x: I XQ� � (Nqf I ] ; XQN!; N!­ QU !] "­ \; [ "­!; \ 

( \; NQ! {( •"q = ] "•; ( q; {"X; "­ "N !] ; x•; ; + � Qq; f 

Effect 

· QN; f 

Functional description 

I ] "­ \; [ "­!; \ XQN!( "N­ ­!( !<­ UQ\ !] ; X<\\ ; N! XQ� � (Nqf 

0 ! XQ� � (Nq XQ� +•; !"QN QU (N% XQ� � (Nq ; >X; +! : z : j VI : m: 1 Cj : mC0v · F xI Cj 

!] ; XQN!; N!­ QU !] "­ \; [ "­!; \ (\ ; {( •"q = ] ; N !] ; : // ) "! "­ ­; ! !Q QN; "N !] ; x!(!<­ \; [ "­!; \f 

Field/bit description 

7 8 5 4 3 2 r 0 

ti ABT fr. 

o Features register 

Direction 
I ] "­ \; [ "­!; \ is write only. If !] "­ (qq\; ­­ "­ \; ( q ) % !] ; ] Q­!, !] ; : \\ Q\ \; [ "­!; \ "­ \; (qf 

Access restrictions 
I ] "­ \; Q"­!; \ ­] ( •• ) ; = \"!!; N QN•% when BSY and m/ L ; Y<( • ™; \Q and DMACK- is NQ! 

to 

( ­­; \!; qf CU !] "­ \; [ "­!; \ "­ = \"!!; N when BSY or m/ L "­ ­; ! !Q QN; , !] ; \; ­<•! "­ 

"Nq; !; \ � "N( !; f 

Effect 
I ] ; XQN!; N! QU !] "­ \; [ "­!; \ ) ; XQ� ; ­ ( XQ�� (Nq +(\(� ; !; \ = ] ; N !] ; j Q� � (Nq \; [ "­!; \ 

"­ = \"!!; Nf 

Functional description 
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I ] ; XQN!; N! QU !] "­ \; [ "­!; \ "­ XQ� � (Nq q; +; Nq; N!f 

% Sector count register 
Direction 
I ] "­ \; [ "­!; \ is read/write. 

Access restrictions 
I ] "­ \; [ "­!; \ ­] ( •• ) ; = \"!!; N QN•% = ] ; N ) Q!] 5 x4 (Nq m/ L (\; ™; \Q and DMACK- is 
NQ! (­­; \!; qf I ] ; XQN!; N!­ QU !] "­ \; [ "­!; \ (\ ; {( •"q QN•% = ] ; N both BSY and m/ L (\; 

™; \Qf If !] "­ \; [ "­!; \ "­ = \"!!; N = ] ; N 5 x4 Q\ m/ L "­ ­; ! !Q QN; , !] ; \; ­<•! "­ "Nq; !; NN"N(!; f 

I ] ; XQN!; N!­ QU !] "­ \; [ "­!; \ ( \; NQ! {( •"q = ] "•; ( q; {"X; "­ "N !] ; x•; ; + � Qq; f 

Effect 
I ] ; XQN!; N! QU !] "­ \; [ "­!; \ ) ; XQ� ; ­ ( XQ� � (Nq +(\ ( � ; !; \ = ] ; N the Command register 

"­ =\ "!!; Nf 

Functional description 

The content of this register is command dependent 

• Sector number register 

Direction 

I ] "­ \; ["­!; \ "­ \; ( qE= \"!; f 

Access restrictions 
I ] "­ \; [ "­!; \ ­] ( •• ) ; = \"!!; N QN•% = ] ; N both BSY and m/ L (\ ; ™; \Q and DMACK- is 
NQ! ( ­­; \!; qf I ] ; XQN!; N!­ QU !] "­ \; [ "­!; \ (\; {( •"q QN•% = ] ; N both BSY and m/ L (\; 

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

I ] ; XQN!; N!­ QU !] "­ \; [ "­!; \ (\ ; NQ! {( •"q = ] "•; ( q; {"X; "­ "N !] ; x•; ; + � Qq; f 

Effect 
I ] ; XQN!; N! QU !] "­ \; [ "­!; \ ) ; XQ� ; ­ ( XQ� � (Nq +(\ ( � ; !; \ = ] ; N !] ; j Q� � (Nq \; [ "­!; \ 

"­ = \"!!; Nf 

Functional description 
I ] ; XQN!; N! QU !] "­ \; [ "­!; \ "­ XQ� � (Nq q; +; Nq; N!f 7TW 
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2.1.6 ATAPI Command Packet 
An ATAPI command "­ XQ� � <N"X(!; q ) % ­; Nq"N[ ( j Q� � (Nq k(X_; ! !Q !] ; 0 I 0k C j m­ 

/ F ' m\"{; f pQ\ ­; {; \( • XQ� � (Nq­, !] ; j Q� � (Nq k(X_; ! "­ (XXQ� +(N"; q ) % ( •"­! QU 

+(\( � ; !; \­ ­; N! <+QN \; X; "{"N[ an interrupt following !] ; j Q� � (Nq k(X_; ! ) ; "N[ ­; N!f 

x; ; !] ; ­+; X"U"X XQ� � (Nq­ UQ\ detailed information. The j Q� � (Nq k(X_; ! (•= (%­ ] ( ­ (N 

Q+; \( !"QN XQq; ( ­ "!­ U"\­! ) %!; f 
pQ\ ( •• XQ� � (Nq­, "U !] ; \; "­ (N "N{( •"q +( \( � ; !; \ "N !] ; j Q� � (Nq k(X_; !, !] ; N !] ; 

ATAPI Device ­] ( •• () Q\! !] ; XQ� � (Nq = "!] Q<! ( •!; \"N[ !] ; � ; q"<� f 

Typical Command Packet for Most Commands 

5 "• 1 6 I I 1 I I \ Byte 
5 4 3 2 C ( 

I) 
Operation Code 

C Reserved I Reserved 

"» ISB 
3 

Logical Block Address (if required 

4 
5 

(LstB 

6 
Reserved 

7-8 iMSB) I � N­UX\ dXNAP!] n"U \XY,""r "SHSC. Q\ 
k( \� \NS•X\ d "­" d XN[ •] �" U\owoSr<"Nf,q. Q\ 
Allocation Length (if requiel(L.SB» 

9 
Re:served 

10 
Reserved 

•• 
Reserved 

· · o 

Operation Code 
I ] ; Q+; \(!"QN XQq; QU !] ; j Q� � (Nq k(X_; ! ] ( ­ ( [\ Q<+ XQq; U"; •q (Nq ( XQ�� (Nq XQq; 

U"; •qf I ] ; !]\ ; ; o) "! [\ Q<+ XQq; U"; •q +\Q{"q; ­ UQ\ ; "[ ] ! [\ Q<+­ QU XQ� � (Nq XQq; ­f I ] ; 

U"{; o) "! XQ� � (Nq XQq; U"; •q +\Q{"q; ­ UQ\ !] "\!%o!= Q XQ� � (Nq XQq; ­ "N ; (X] [ \Q<+f I ] <­, 

( !Q!( • of 256 possible Q+; \( !"QN XQq; ­ ; >"­!f F +; \( !"QN XQq; ­ (\ ; q; U"N; q "N !] ; 

­<) ­; Y<; N! I \( N­U;\ d ; N[! ] 
I ] ; I \(N­U;\ d ; N[ !] p"; •q ­+; X"U"; ­ !] ; (� Q<N! QU q(!( !Q ) ; !\(N­U;\\ ; q, <­<( ••% !] ; 

N<� ) ; \ QU ) •QX_­f pQ\ ­; {; \( • XQ� � (Nq­ !] ; !\(N­U;\ •; N[! ] "Nq"X( !; ­ !] ; \; Y<; ­!; q 

N<� ) ; \ QU ) %!; ­ !Q ) ; ­; N! ( ­ q; U"N; q "N !] ; XQ� � (Nq q; ­X\"+!"QNf pQ\ !] ; ­; XQ� � (Nq­ 

!] ; I \( N­U;\ d ; N[ !] p"; •q � (% ) ; "q; N!"U"; q ) % ( q"UU; \; N! N( � ; f 
In commands that <­; � <•!"+•; ) %!; ­ UQ\ !] ; !\(N­U; \ •; N[ !] , ( !\(N­U; \ •; N[ !] QU ™; \Q 

"Nq"X( !; ­ !] ( ! NQ q( !( !\(N­U;\ ­] ( •• !(_ ; +•(X; f 0 {( •<; QU QN; Q\ [\ ; ( !; \ "Nq"X(!; ­ !] ; 

N<� ) ; \ QU ) •QX_­ !] ( ! ­] ( •• ) ; !\(N­U;\\ ; qf 
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Parameter List Length 

I ] ; k( \( � ; !; \ d"­! d ; N[ !] "­ <­; q !Q ­+; X"U% !] ; N<� ) ; \ QU ) %!; ­ !Q ) ; ­; N! !Q !] ; m\"{; f 

I ] "­ U"; •q "­ !%+"X( ••% <­; q "N j Q� � (Nq k( X_; !­ UQ\ +(\ ( � ; !; \­ !] ( ! ( \; ­; N! !Q ( m\"{; 

n; f[ f � Qq; +( \( � ; !; \­, q"( [NQ­!"X +( \( � ; !; \­, ; !Xf. f 0 +(\( � ; !; \ •; N[ !] QU ™; \Q indicates 

!] ( ! NQ q(!( ­] ( •• ) ; !\(N­U;\\; qf 

Allocation d ; N[ !] 
I ] ; 0 ••QX(!"QN d ; N[! ] p"; •q ­+; X"U"; ­ !] ; � (>"� <� N<"N) ; \ QU ) %!; ­ !] ( ! ( MQ­! 

j Q� +<!; \ ] ( ­ ( ••QX( !; q UQ\ \; !<\N; q q( !( f An ( ••QX( !"QN •; N[! ] QU ™; \Q "Nq"X( !; ­ !] ( ! NQ 

q( !( ­] ( •• ) ; !\(N­U; \\ ; qf I ] ; m\"{; ­] ( •• !; \� "N( !; !] ; q( !( !\( N­U;\ = ] ; N (••QX( !"QN 

•; N[! ] ) %!; ­ ] ( {; ) ; ; N !\(N­U;\\ ; q Q\ = ] ; N (•• ({( "•( ) •; q(!( ] ({; ) ; ; N !\( N­U;\\; q !Q !] ; 

MQ­! j Q� +<!; \, = ] "X] ; {; \ is less. The ( ••QX( !"QN •; N[ !] "­ <­; q !Q •"� "! !] ; � (>"� <� 

(� Q<N! QU q( !( n ; f[ f ­; N­; q(!( , � Qq; q(!( , ; !Xf. \; !<\N; q !Q ( MQ­! j Q� +<!; \f 

Status 
0 x!( !<­ ) %!; ­] ( •• ) ; ­; N! U\Q� !] ; m\"{; !Q !] ; MQ­! j Q� +<!; \ (! !] ; XQ� +•; !"QN QU 

; (X] XQ� � (Nq <N•; ­­ !] ; XQ� � (Nq "­ !; NN"N(!; q ) % QN; QU !] ; UQ••Q= "N[ ; {; N!­S 

1. A ] (\ q \; ­; ! XQNq"!"QNf 

&f An <N; >+; X!; q ; {; N!f 

2.1.7 ATAPI Packet Commands for CD-ROM Devices· 
I %+; 

INQUIRY 
LOf'd).'lJ;'lL.()ld) CD 
i'.lls.Cl·L"i.NISi',1 xI E• fI Vx 
SB·rgm: x: d : j I n IO;i 

t3 LOl 
55 
5/•.h 

!'.-lODE SEN.SE (l F . 
j:USE RIES ENE 

4Bh 

' 
(Cy ­ 

kd,iBf4 AUl)IO '. C g. 
PL AID>To MSsF 

.45 
47l 

kd ,Sffi\ j m 
k/ : iffSr iS,PooI fiEo,fd dF 1 ,· \,f• r : mCV' / : f"{PF 1 0 d 

BCh 
!Eh M 
7sh 

REiKr M maw5 =" 

REOUIEST SENSE 
xj ff Bf· 

03lt M 
BAh O 
7jgh; M 

SELEK EEh O 
x: I j m eok: : m 4El 

D5 ) 
F F ] 

'M 

STrvPPL.SCA OS 
$TART STOP UNIT 

M 
' 

TEST UNIT / : 0 m4 
/ X­X· \{Xq UQ(· Urrfr r!f<· Xoo <f­X 

131-I 
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2.1.7.1 INQUIRY Command 
I ] ; C·LVC/4 XQ� � (Nq \; Y<; ­!­ !] (! "NUQ\� (!"QN \; [ ( \q"N[ +( \( � ; !; \­ QU !] ; 0 I 0k C 

j mo/ F ' m\"{; ] ; ­; N! !Q !] ; MQ­! j Q� +<!; \f An Q+!"QN (••Q= ­ !] ; MQ­! j Q� +<!; \ !Q 

\; Y<; ­! (qq"!"QN(• "NUQNrr ( !"QN () Q<! !] ; 0 I 0 kC j mo/ F ' m\"{; f 

5 "• 7 6 I 5 I I I • I 3y te 
4 ' 2 I 0 

n. 
Op.:r~11i@ cNI<: nr&] ,• 

r Reserved I Reserved 

~ Reserved 

f• 
Reserved 

f" 
.•\ll,:>c,ninn L~llk!.1h 

5 
Reserved 

{ 
Reserved 

A 
Reserved 

8 
Reserved 

9 
Reserved 

lil 
Reserved 

11 
/ ; ­; \{; q 

I ] ; C·LVC/4 XQN<N(Nq ­] ( •• \; !<� j M: j O j F ·m CI CF · ­!( !<­ QN•% = ] ; N !] ; 

0 I 0k C j mo/ F ' m\"{; X(NNQ! \; !<� !] ; \; Y<; ­!; q C·LVC/4 q(!( f I ] ; C·LVC/4 q( !( 

­] Q<•q ) ; \; !<� ; q ; {; N !] Q<[ ] !] ; +; \"+] ; \( • q; {"X; � (% NQ! ) ; \; (q% UQ\ Q!] ; \ 

XQ� � (Nq­ 

2.1.7.2 PAUSE/RESUME Command 
I ] ; k0 Vx: E/: xV' : XQ� � (Nq \; Y<; ­!­ !] (! !] ; q; {"X; ­!Q+ Q\ ­!(\! (N (<q"Q +•(% 

Q+; \( !"QNf I ] "­ XQ� � (Nq "­ <­; q = "!] kd0 4 0 VmCF XQ�� (Nq­ !] ( ! (\ ; X<N; N!•% 

; >; X<!"N[ f 
n" 

Hil 
Byte 

o 5 -4 3 2 

Operation Code c5 ] . 
0 Reserved 

.l 

c 
5 Reserved 
6 
R Resum.; 

Ii Reserved 

r r 

Tg 



2.1.7.1 INQUIRY Command 
I ] ; C·LVC/4 XQ� � (Nq \; Y<; ­!­ !] ( ! "NUQ\ � ( !"QN \; [ ( \q"N[ +( \( � ; !; \­ QU !] ; 0 I 0k C 

j mo/ F ' m\"{; ] ; ­; N! !Q !] ; MQ­! Computer. An option ( ••Q= ­ !] ; MQ­! j Q� +<!; \ !Q 

\; Y<; ­! (qq"!"QN(• "NUQ\Nr ( !"QN () Q<! !] ; 0 I 0k C j mo/ F ' m\"{; f 

5 "! f, o I 5 I I I i I 3y te ' 
4 " & I n. 

n. 
Operation code (12hy 

C Reserved I Reserved 

.:: Reserved 

KA Reserved 

4 
,fB•B,,XSr•"Qrr •fHrrr Zfrf] 

5 Reserved 

� ifB 
Reserved 

i 
Reserved 

s Reserved 

') 
/ ; ­; N· ; q 

[Ii 
Reserved 

I I 
/ ; ­; \{; q 

I ] ; C·LVC/4 XQ� � (Nq ­] ( •• \; !<\N j M: j O j F ·m CI CF · ­!( !<­ QN•% = ] ; N !] ; 

0 I 0k C j mo/ F ' m\"{; X(NNQ! \; !<\N !] ; \; Y<; ­!; q C·LVC/4 q( !( f I ] ; C·L VC/4 q( !( 

­] Q<•q ) ; \; !<\N; q ; {; N !] Q<[ ] !] ; +; \"+] ; \( • q; {"X; � (% NQ! ) ; \; ( q% UQ\ Q!] ; \ 

XQ� � (Nq­ 

2.1.7.2 PAUSE/RESUME Command 
I ] ; k0 Vx: E/: xV' : XQ� � (Nq \; Y<; ­!­ !] ( ! !] ; q; {"X; ­!Q+ or start an (<q"Q +•(% 

Q+; \( !"QNf I ] "­ XQ� � (Nq "­ <­; q = "!] kd0 4 0 VmCF XQ� � (Nq­ !] ( ! (\ ; X<N; N!•% 

; >; X<!"N[ f 

Bil i (:, 5 c 3 2 I n" 

Byte 

n. 

Operation Code t4Bh 

I 
Reserved 

., 
Reserved 

o 
.l 

Reserved 

-I 
Reserved 

h 
Reserved 

n, 

Reserved 

R 
Reserved 

~ 
Reserved 

[Resume 

" 
Reserved 

,, 

10 
Reserved 

r r 
/ ­S­fSSf\= q 

Tg 



0 / ; ­<� ; ) "! QU ™; \Q X(<­; ­ !] ; q\"{; !Q ; N!; \ !] ; ] Q•q !\( X_ ­!( !; = "!] !] ; ( <q"Q Q<!+<! 

� <!; q (U!; \ !] ; X<\\; N! ) •QX_ "­ +•( %; qf 0 / ; ­<� ; ) "! QU QN; X(<­; ­ !] ; q\"{; !Q \; •; ( ­; 

the pause/scan and ) ; [ "N +•(% (! !] ; ) •QX_ UQ••Q= "N[ !] ; •( ­! ) •QX_ +•(%; qE­X(NN; qf 

CU (N (<q"Q +•(% operation cannot be \; ­<� ; q (Nq !] ; \; ­<� ; ) "! "­ QN; !] ; XQ� � (Nq "­ ' 
!; \ � "N(!; q = "!] j M: j O j F ·m CI CF · ­!(!<­f CU !] ; \; ­<� ; ) "! "­ ™; \Q (Nq (N (<q"Q +•(% 

operation cannot be +(<­; q, nNQ (<q"Q +•(% Q+; \( !"QN ] ( ­ ) ; ; N \; Y<; ­!; q, Q\ !] ; \; Y<; ­!; q 

(<q"Q +•(% Q+; \( !"QN ] ( ­ ) ; ; N XQ� +•; !; q. , !] ; XQ� � (Nq "­ !; NN"N(!; q = "!] j M: j O 

j F ·m CI CF · ­!( !<­f x!Q+ k•(%Ek•(% Audio/Audio Scan/Pause/Resume Sequencing. C! 

­] ( •• NQ! ) ; considered an error !Q \; Y<; ­! ( k0 Vx: = ] ; N ( +(<­; "­ (•\; (q% "N ; UU; X! Q\ 

!Q \; Y<; ­! ( /: xV' : = ] ; N ( +•(% Q+; \(!"QN "­ "N +\Q[\ ; ­­f 

2.1.7.3 PLAY AUDIO MSF Command 
I ] ; kd0 4 0 VmCF ' xp XQ� � (Nq \; Y<; ­!­ !] (! the ATAPI CD-ROM m\"{; ) ; [ "N (N 

(<q"Q +•(%) (X_ Q+; \( !"QNf I ] ; XQ�� (Nq U<NX!"QN (Nq !] ; Q<!+<! QU (<q"Q ­"[N(•­ ­] ( •• ) ; 

(­ ­+; X"U"; q ) % !] ; ­; !!"N[ ­ QU !] ; � Qq; +(\( � ; !; \­ "NX•<q"N[ the SOTC bit. 

5"! f, 
Byte 

ff 

0 

• 
: 
'.\ 
4 
5 
(, 

f 

8 
s» 

10 
r r 

66 5 J · i & i 

Ope raticon "ode ncRf] f• 
Reserved 

Starting M Field 
Starting S Field 
Starting F Field 
Ending M Field 
: Nq"N[ x p"qf" 
: Nq"NAPS p p";•q 

Reserved 
Reserved 

I ] "­ XQ� � (Nq \; ­+QNq­ with immediate status, ( ••Q= "N[ Q{; \•(++; q XQ� � (Nq­f I ] "­ 

XQ� � (Nq ­] ( •• ­; ! !] ; mxj ) "! upon command completion 
I ] ; x!(\! "N[ ' U"; •q, !] ; x!(\!"N[ x U"; •q, (Nq !] ; x!(\!"N[ p U"; •q ­+; X"U% !] ; () ­Q•<!; 

MSF address at = ] "X] !] ; (<q"Q +•(% Q+; \(!"QN ­] (•• ) ; [ "Nf I ] ; : Nq"N[ ' U"; •q, !] ; 

: Nq"N[ ­ U"; •q, (Nq !] ; : Nq"N[ p U"; •q ­+; X"U% !] ; () ­Q•<!; ' xp (qq\; ­­ = ] ; \; !] ; (<q"Q 

r 
· 

r 
r r q 0 •• contiguous audio ­; X!Q\­ ) ; != ; ; N !] ; ­!( \!"N[ (Nq !] ; ; Nq"N[ 

+ (% Q+; \( !"QN sha, en . ::,~ 
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MSF address ­] ( •• ) ; +•(%; qf CU !] ; x!(\!"N[ ' "N<!; ­, x; XQNq­ (Nq p\( � ; p"; •q­ (\; ­; ! !Q 

FFh, the x!( \!"N[ (qq\; ­­ "­ !(_; N U\Q� !] ; j <\\ ; N! F +!"X(• M; (q •QX(!"QNf I ] "­ (••Q= ­ !] ; 

0 <q"Q : Nq"N[ (qq\; ­­ !Q be changed ith · · without interrupting !] ; X<\\ ; N! +•(%) (X_ Q+; \( !"QNf 

A Starting MSF (qq\; ­­ ; Y<(• to an id · ' xp · · o ; N � [ (qq\; ­­ X(<­; ­ NQ (<q"Q play operation 

!Q QXX<\f I ] "­ ­] ( •• NQ! ) ; XQN­"q; \; q (N ; \\Q\ If the Starti ' xp qq · • f � [ ( ress is greater than 

!] ; : Nq"N[ ' xp (qq\; ­­, the command shall be terminated with j M: j O j F ·m CICF · 

­!(!<­f 

2.1.7.4 START/STOP UNIT Command 
The START/STOP UNIT XQ� � (Nq \; Y<; ­!­ !] (! !] ; 0 I 0k C j mo/ F ' m\"{; ; N() •; Q\ 

q"­() •; � ; q"( (XX; ­­ Q+; \(!"QN­f 

Bit 7 6 I I Byte 
5 4 3 2 C 0 

g F +,� rr "XQr XQSS•fS n C M] . 

• Reserved lm med 

2 Reserved 

3 
/ XS(GS\{Xq 

J Reserved LoEj Start 

5 
(n 

Reserved 

} 
Reserved 

~ Reserved 

9 
Reserved 

lO 
Reserved 

CC 
Reserved 

- 3_ggs=s w l 

An immediate (Immed) bit QU QN; "Nq"X(!; ­ !] (!· ­!( !<­ ­] (•• ) ; \; !<\N; q (­ ­QQN (­ !] ; 

j Q� � (Nq k(X_; ! ] ( ­ ) ; ; N {(•"q(!; qf An Immed bit QU ™; \Q "Nq"X(!; ­ !] (! ­!(!<­ ­] ( •• ) ; 

\; !<\N; q (U!; \ !] ; Q+; \( !"QN "­ XQ� +•; !; qf 
0 ­!( \! ) "! QU QN; \; Y<; ­! !] ; m; {"X; "­ � (q; \; (q% UQ\ <­; f 0 ­!( \! ) "! QU ™; \Q \; Y<; ­!­ 

!] (! !] ; m; {"X; ) ; ­!Q++; q n� ; q"( X(NNQ! ) ; (XX; ­­; q ) % !] ; MQ­! j Q� +<!; \. f 

0 N% (!!; � +! !Q : $; X! Q\ dQ(q ( m"­X = ] ; N !] ; m\"{; qQ; ­ NQ! ­<++Q\! !] (! X(+() "•"!% ­] ( •• 

\; ­<•! "N (N ; NoQ\ XQNq"!"QN ) ; "N[ \; +Q\!; q !Q !] ; MQ­! nx; N­; _; % gh Cdd: v 0 d 

/: LV: xI , x; N­; Code 24 INVALID pC:dm C· COMMAND PACKET.) 
0 •Q(q ;$; X! ndQ: $. ) "! QU ™; \Q \; Y<; ­!­ !] ( ! NQ (X!"QN ) ; !(_; N \; [ ( \q"N[ •Q(q"N[ Q\ 

;$; X!"N[ !] ; � ; q"<� f A LoEj bit QU QN; \; Y<; ­!­ !] ( ! !] ; � ; q"<� ) ; <N•Q(q; q "U !] ; ­!( \! 

) "! "­ ™; \Qf A LoEj bit QU QN; \; Y<; ­! !] (! !] ; � ; q"<� ) ; •Q(q; q "U !] ; ­!(\! ) "! "­ QN; f 
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2.1.7,5 READ TOC Command 

I ] ; / : 0m I F j XQ� � (Nq \; Y<; ­!­ !] ( ! !] ; 0 I 0k C j mo/ F ' m\"{; !\( N­U;\ q(!( U\Q� 

!] ; !() •; QU XQN!; N!­ !Q !] ; MQ­! j Q� +<!; \f xQ� ; q\"{; ­ = "•• X(X] ; !] ; I F j q(!( (Nq = "•• 

) ; () •; !Q \; !<Nr "! q<\"N[ ( k•(% XQN<N(Nqf m\"{; ­ !] (! qQ NQ! X(X] ; !] ; q(!( = "•• 

[ ; N; \( !; (N ; \\Q\ (Nq NQ! XQ� +•; !; !] ; XQ� � (Nqf 

"'' a 

5 "• 6 I I I Byte 
5 4 3 & C nC 

nr F +X� •"QN XXqZ n cT] . 

C Reserved I MSF I Reserved 

' 

I 'fail:atct 

,f Res?rved I Formal 

3 Reserved 

4 Reserved 

5 Reserved 

in 
xr rrr !"N[ I � X_ !' x; s ",Sfr r · <\N) !\ 

MSB 0 ••QX( r",S,N dX• N[ •] 

~ 
L.SB 

1) pQ\� ,r r Reserved 

i Reserved 

CC Reserved 

2.1.7.6 READ SUB-CHANNEL Command 
I ] ; /: 0m xV5 oj M0 ·· : d XQ� � (Nq \; Y<; ­!­ !] ( ! !] ; 0 I 0k C j mo/ F ' m\"{; \; !<\N 
!] ; \; Y<; ­!; q ­<) oX] ("� ; • q(!( +•<­ !] ; ­!(!; QU +•(% Q+; \( !"QN­f 

Bil 7 I 6 I 5 I 4 I 3 
\ 

2 I r I 0 

Byte 
IJ 

F+X\( •OD•• Zrff>) nfSrfP••• 

I 
Reserved I M5F I / ; ­; \{; q 

Earl.atty 

2 Reserved I x<) n. I 
/ ; ­X\N, ff " 

Maulalry 

'.'I 
Sub-chate] Date Format 

4 
Res: red 

5 
/ XSSfS\= q 

n, 
Track Number 

7 MSB 
Pr r•QX( !"Qrr dXN[ •] 

~ 
•fhrT 

'i 
/ XSQSNooXq 

rg 
Reserved 

r r 
Re.served 

x<) oX] (NN; • q(!( \; !<� ; q ) % !] "­ XQ� � (Nq � (% ) ; U\Q� !] ; •( ­! (++\Q+\"(!; ­; X!Q\ 

; NXQ<N!; \; q ) % ( X<\\; N! Q\ +\; {"Q<­ � ; q"( (XX; ­­"N[ Q+; \( !"QNf 3 ] ; N !] ; \; "­ NQ X<No; N! 

+•(% Q+; \( !"QN, !] ; 0 I 0k C j mo/ F ' m\"{; � (% (XX; ­­ !] ; � ; q"( !Q \; (q !] ; ­<) oX] (NN; • 

q(!( f I ] ; 0 I 0k C j mo/ F ' m\"{; "­ \; ­+QN­") •; UQ\ ; N­<\"N[ !](! !] ; q(!( \; !<\N; q (\; 

f X<\\; N! (Nq XQN­"­!; N!f 7 cW 
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2.2 PIC Micro controller: 
Stand alone CD drive needs a micr roll icrocontroller with large number of IO ports, internal 

� ; � Q\%, XQN{; \!; \­, !"� ; \­ (Nq XQ · · · • • • mmunication units. So, this project is supported by the 

PIC (Peripheral Interface Controller) as an optimal choice. 

2.2.1 Device p; ( !<\; ­ 

In [ ; N; \( •, !] ; kCj ] ( ­ !] ; UQ••Q= "N[ U;(!<\; ­S 

• p"{; CF kQ\!­, +Q\! 0 ,5 ,j ,m,: 

a 10-bit Analog-to-Digital ' Qq<•; , u "N+<! X] (NN; •­ 

e Data ' ; � Q\% nTyu ) %!; ­. 

s : : k/ F ' m(!( ' ; � Q\% n&hy ) %!; ­. 

e p•( ­] k\Q[ \( � ' ; � Q\% nu_. 

• Serial Communications (MSSP ,Vx0/ I . 

e Parallel Communication (PSP) 

e Three I "� ; \­ 

e Instruction x; ! nTh "N­!\<X!"QN­. 

e Interrupts nr h. 

• 0N(•Q[ j Q� +( \( !Q\ n&. 

Peripheral Features: 
• I "� ; \gS 8-bit timer/counter with 8-bit prescaler 
• I "� ; \•S r yo) "! !"� ; \EXQ<N!; \ = "!] +\; ­X( •; \, X(N ) ; "NX\; � ; N!; q q<\"N[ x•; ; + {"( 

; >!; \N( • X\%­!( •EX•QX_ 
• I "� ; \&S 8-bit timer/counter with uo) "! +; \"Qq \; [ "­!; \, +\; ­X( •; \ (Nq +Q­!­X(•; \ 

• Universal Synchronous Asynchronous Receiver Transmitter (USART/SCI) with bo) "! 

(qq\; ­­ q; !; X!"QN 
• k( \( ••; • x•({; Port (PSP)- 8 ) "!­ = "q; = "!] ; >!; \N( • /m , 3/ (Nq j x XQN!\Q•­ n cgEcco 

+"N QN•%. 
• 5 \Q= NoQ<! q; !; X!"QN X"\X<"!\% UQ\ 5 \Q= NoQ<! Reset (BOR) 
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Analog Features: 

• 10-bit, up to 8-channel Analog-to-Digital j QN{; \!; \ n0Cm. 

• 5 \Q= NoQ<! Reset (BOR) 
• 0 N(•Q[ j Q� +(\( !Q\ � Qq<•; = "!] S 

. Two analog comparators 

. Programmable QNoX] "+ {Q•!( [ ; \; U; \; NX; n1 / : p. � Qq<•; 

. Programmable input multiplexing from device inputs and internal voltage reference 

. Comparator Q<!+<!­ (\; ; >!; \N(••% (XX; ­­") •; 

High-Performance RISC CPU: 

• Only 35 single-word instructions to learn 
• 0 •• ­"N[ •; oX%X•; "N­!\<X!"QN­ ; >X; +! UQ\ +\Q[\ (� ) \( NX] ; ­, = ] "X] (\; !=QoX%X•; 

• F +; \( !"N[ ­+; ; qS DC- 20 ' M™ X•QX_ "N+<! DC- 200 ns "N­!\<X!"QN X%X•; 

• V+ !Q uO x 14 words QU p•( ­] k\Q[\ (� ' ; � Q\%, V+ to 368 x u ) %!; ­ QU m(!( ' ; � Q\% 

n/0' . , V+ to 256 x u bytes of EEPROM Data ' ; � Q\% 

Special Microcontroller Features: 
• 100,000 erase/write X%X•; : N] (NX; q p•( ­] +\Q[\ ( � � ; � Q\% !%+"X(• 

• r ,ggg,ggg ; \( ­; E= \"!; X%X•; Data EEPROM memory !%+"X(• 

• Data EEPROM Retention > 40 years 
• Self-reprogrammable under ­QU!= (\; XQN!\Q• 

• CNoj "\X<"! x; \"( • k\Q[ \( � � "N[ ™ nCj xk™ . {"( != Q +"N­ 

• Single-supply 5V In-Circuit x; \"( • k\Q[\ (� � "N[ 
• 3 ( !X] qQ[ Timer (WDT) with "!­ Q= N QNoX] "+ / j Q­X"••(!Q\ UQ\ \; •"() •; Q+; \( !"QN 

• k\Q[ \( � � ( ) •; XQq; +\Q!; X!"QN 

• kQ= ; \ ­({"N[ x•; ; + � Qq; 

• x; •; X!() •; Q­X"••( !Q\ Q+!"QN­ 

• CNoj "\X<"! Debug (ICD) via != Q +"N­ 
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CMOS Technology: 

• dQ= o+Q= ; \, ] "[ ] o­+; ; q p•(­] E: : k/ F ' !; X•� Q•Q[ % 

• p<••% ­!(!"X q; ­"[ N 

• 3 "q; Q+; \( !"N[ {Q•!([ ; \(N[ ; n&fg1 !Q hfh1 . 

• j Q� � ; \X"(• (Nq CNq<­!\"(• !; � +; \(!<\; \(N[ ; ­ 

• dQ= o+Q= ; \ XQN­<� +!"QN 

2.2.2 Memory Organization 
I ] ; \; (\; !] \; ; � ; � Q\% ) •QX_­A !] ; +\Q[ \(� � ; � Q\% (Nq q(!( � ; � Q\% ] ({; ­; +(\( !; 

) <­; ­ ­Q that concurrent access X(N QXX<\f I ] ; !] "\q � ; � Q\% "­ : : k/ F ' q(!( � ; � Q\% 

) •QX_ 

Program Memory Organization 
I ] ; kCj • ypuRR q; {"X; ­ ] ({; a 13-bit program XQ<N!; \ X(+() •; QU (qq\; ­­"N[ an 8K word 
x 14 bit +\Q[\ (� � ; � Q\% ­+(X; f The PIC16F877 devices ] ({; uO = Q\q­ > rc ) "!­ QU 

Flash program memory. 0 XX; ­­"N[ ( •QX(!"QN () Q{; !] ; +] %­"X(••% "� +•; � ; N!; q (qq\; ­­ 

= "•• X(<­; ( = \(+( \Q<Nqf 

Data Memory Organization 
I ] ; q(!( � ; � Q\% "­ +(\!"!"QN; q "N!Q � <•!"+•; ) (N_­ = ] "X] XQN!("N !] ; v ; N; \( • k<\+Q­; 

/ ; [ "­!; \­ (Nq !] ; x+; X"(• p<NX!"QN / ; [ "­!; \­f 5 "!­ RPI (Status<6>) and RPO (Status<5>) 

( \; !] ; ) (N_ ­; •; X! ) "!­f : (X] ) (N_ ; >!; Nq­ <+ !Q 7Fh (128 bytes). I ] ; •Q= ; \ •QX(!"QN­ QU 

; (X] ) (N_ (\; \; ­; \{; q UQ\ !] ; x+; X"(• p<NX!"QN / ; [ "­!; \­f 0 ) Q{; !] ; x+; X"(• p<NX!"QN 

/ ; [ "­!; \­ (\; v ; N; \( • k<\+Q­; / ; [ "­!; \­, "� +•; � ; N!; q (­ ­!(!"X RAM. 0 •• "� +•; � ; N!; q 

) (N_­ XQN!("N x+; X"(• p<NX!"QN / ; [ "­!; \­f xQ� ; U\; Y<; N!•% <­; q x+; X"(• p<NX!"QN 

Registers from one bank may be mirrored in another bank for code reduction and quiclcI 

(XX; ­­f 
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EEPROM and Flash Program Memory 

I ] ; data EEPROM and p•( ­] +\Q[\ (� � ; � Q\% "­ \; (q() •; (Nq = \"!( ) •; q<\"N[ NQ\ � ( • 

Q+; \( !"QNf I ] "­ � ; � Q\% "­ NQ! q"\; X!•% � (++; q "N !] ; \; [ "­!; \ U"•; ­+(X; f CN­!; ( q, "! "­ 

"Nq"\; X!•% (qq\; ­­; q !] \Q<[ ] !] ; x+; X"( • p<NX!"QN / ; [ "­!; \­f 

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 
Q+; \( !"QN­ (<!Q� ( !"X( ••% +; \UQ\� (N ; \( ­; o) ; UQ\; = \"!; QN ) •QX_­ QU UQ<\ = Q\q­f 0 ) %!; 

= \"!; "N q(!( : : k/ F ' � ; � Q\% (<!Q� ( !"X( ••% ; \( ­; ­ !] ; •QX( !"QN (Nq = \"!; ­ !] ; N; = q( !( 

(erase-before-write). The = \"!; !"� ; "­ XQN!\Q••; q ) % (N QNoX] "+ !"� ; \ f The write/erase 
{Q•!( [ ; ­ ( \; [ ; N; \(!; q ) % (N QNoX] "+ X] ( \[ ; +<� +, \( !; q !Q Q+; \( !; Q{; \ !] ; {Q•!( [ ; 

\( N[ ; QU !] ; q; {"X; UQ\ ) %!; Q\ = Q\q Q+; \( !"QN­f 
3 ] ; N !] ; q; {"X; "­ XQq; o+\Q!; X!; q, !] ; j kV � (% XQN!"N<; !Q \; (q and write the q( !( 

EEPROM memory. m; +; Nq"N[ QN !] ; ­; !!"N[ ­ QU !] ; = \"!; o+\Q!; X! ) "!­, !] ; q; {"X; � (% Q\ 

� (% NQ! ) ; () •; !Q = \"!; X; \!( "N ) •QX_­ QU !] ; +\Q[\ ( � � ; � Q\%A ] Q= ; {; \, \; ( q­ QU !] ; 

+\Q[ \( � � ; � Q\% (\; ( ••Q= ; qf 3 ] ; N XQq; o+\Q!; X!; q, !] ; q; {"X; +\Q[\ ( � � ; \ X(N NQ 

•QN[ ; \ (XX; ­­ q( !( Q\ +\Q[ \( � � ; � Q\%A !] "­ qQ; ­ · F I "N] ") "! "N!; \N( • \; ( q­ Q\ = \"!; ­f 7 yW 

pQ\ \; (q"N[ (Nq = \"!"N[ U\Q� (Nq !Q Q+; \( !"QN­ U•( ­] +\Q[\ (� (Nq : k/ F ' � ; � Q\%, ­; ; 

(++; Nq">f 

2.2.3 Special Function Registers 
The Special Function Registers are registers used by the CPU and peripheral modules for 
XQN!\Q••"N[ !] ; q; ­"\; q Q+; \( !"QN QU !] ; q; {"X; f I ] ; ­; \; [ "­!; \­ (\ ; "� +•; � ; N!; q ( ­ ­!( !"X 

/0' f I ] ; x+; X"( • p<NX!"QN / ; [ "­!; \­ X(N ) ; X•( ­­"U"; q "N!Q != Q ­; !­S XQ\; nj kV. (Nq 

+; \"+] ; \( •f 

o Status Register 
The Statis register XQN!("N­ !] ; (\"!]� ; !"X ­!( !<­ QU !] ; 0d V, !] ; / ; ­; ! ­!( !<­ (Nq !] ; 

) (N_ ­; •; X! ) "!­ UQ\ q( !( � ; � Q\%f 
I ] ; x!( !<­ \; [ "­!; \ X(N ) ; !] ; q; ­!"N( !"QN UQ\ (N% "N­!\<X!"QN, ( ­ = "!] (N% Q!] ; \ \; [ "­!; \f CU 

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

!] ; N !] ; = \"!; !Q !] ; ­; !]\ ; ; ) "!­ "­ q"­() •; qf 
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I ] ; ­; ) "!­ ( \; ­; ! Q\ X•; (\ ; q (XXQ\q"N[ !Q !] ; q; {"X; logic. Furthermore, the I F (Nq km 

) "!­ (\; NQ! = \"!() •; , !] ; \; UQ\; , !] ; \; ­<•! QU (N "N­!\<X!"QN = "!] !] ; x!( !<­ \; [ "­!; \ ( ­ 

q; ­!"N( !"QN � (% ) ; q"UU; \; N! !] (N "N!; Nq; qf 

% OPTION_REG Register 
The OPTION_REG Register "­ ( \; (q() •; (Nq = \"!() •; \; [ "­!; \, = ] "X] XQN!("N­ {(\"Q<­ 

XQN!\Q• ) "!­ !Q XQNU"[ <\; !] ; I ' / g +\; ­X( •; \E3m I +Q­!­X( •; \ n­"N[ •; assignable register 
_NQ= N (•­Q ( ­ the prescaler), the ; >!; \N( • C·I "N!; \\ <+!, I ' / g (Nq !] ; = ; (_ +<••o<+­ QN 

POR TB. 

e INTCON Register 
The INTCON register "­ ( \; (q() •; (Nq = \"!() •; \; [ "­!; \, = ] "X] contains various enable 

and flag ) "!­ UQ\ !] ; I ' / g \; [ "­!; \ Q{; \U•Q= , /5 +Q\! X] (N[ ; (Nq ; >!; \N( • 

RBO/INT pin "N!; \\ <+!­f 

• kC: r Register 
I ] ; kC:• \; [ "­!; \ XQN!( "N­ the individual enable ) "!­ UQ\ !] ; +; \"+] ; \( • "N!; \\<+!­f 

• PIRl Register 
I ] ; kC/• \; Q"­!; \ XQN!("N­ !] ; "Nq"{"q<( • U•( [ ) "!­ UQ\ !] ; +; \"+] ; \( • "N!; \\ <+!­ f 

.;:, 

• PIE2 Register 
I ] ; kC:& \; [ "­!; \ XQN!("N­ !] ; "Nq"{"q<( • ; N() •; ) "!­ UQ\ !] ; j j k& +; \"+] ; \( • "N!; \\ <+!, 

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

"N!; \\ <+!f 

PIR2 Register 
· ! the flag bits UQ\ !] ; j j k& "N!; \\<+!, !] ; xxk ) <­ XQ••"­"QN 

The PIR2 register contamns 5 
interrupt, EEPROM write operation interrupt and the comparator interrupt. 
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% PCON Register 

I ] ; kQ= ; \ j QN!\Q• nkj F · . \; [ "­!; \ XQN!( "N­ U•( [ ) "!­ !Q (••Q= q"UU; \; N!"( !"QN ) ; != ; ; N ( 

kQ= ; \oQN Reset (POR), a 5 \Q= NoQ<! / ; ­; ! n5 F / . , ( 3 ( !X] qQ[ / ; ­; ! n3m I . (Nq (N 

external MCLR Reset. 

% PCL and PCLATH 

The Program Counter (PC) is 13 bits wide. The low byte comes from the PCL register 
= ] "X] "­ ( \; (q() •; and writable register. I ] ; <++; \ ) "!­ nkj Hr &SuG. ( \; NQ! \; (q() •; , ) <! 

(\; "Nq"\; X!•% = \"!() •; !]\ Q<[ ] !] ; kj d0 I M \; [ "­!; \ f F N (N% / ; ­; !, !] ; <++; \ ) "!­ QU !] ; 

kj = "•• ) ; X•; ( \; qf 

• Indirect Addressing, INDF and FSR Registers 

I ] ; C·mp \; [ "­!; \ "­ NQ! ( +] %­"X( • \; [ "­!; \f 0 qq\; ­­"N[ !] ; C·mp \; [ "­!; \ = "•• X(<­; 

"Nq"\; X! (qq\; ­­"N[ f CNq"\; X! (qq\; ­­"N[ "­ +Q­­") •; ) % <­"N[ !] ; C·mp \; [ "­!; \f 0 N% 

"N­!\<X!"QN <­"N[ !] ; C·mp \; [ "­!; \ (X!<( ••% (XX; ­­; ­ !] ; \; [ "­!; \ +Q"N!; q !Q ) % !] ; p"•; 

x; •; X! / ; [ "­!; \, px/ f / ; ( q"N[ !] ; C·mp \; [ "­!; \ "!­; •U, "Nq"\; X!•% npx/ w g. = "•• \; ( q 

gg] f 3 \"!"N[ !Q !] ; C·mp \; [ "­!; \ "Nq"\; X!•% \; ­<•!­ "N ( NQ Q+; \(!"QN n( •!] Q<[ ] ­!( !<­ ) "!­ 

� (% be affected). An effective 9-bit address "­ Q) !( "N; q ) % XQNX(!; N( !"N[ the 8-bit FSR 

\; [ "­!; \ (Nq !] ; C/k bit (Status<7>). 

2.2.4 I/0 PORTS 
xQ� ; +"N­ UQ\ these I/O ports ( \; � <•!"+•; >; q = "!] (N (•!; \N( !; U<NX!"QN UQ\ !] ; +; \"+] ; \( • 

U; ( !<\; ­ QN !] ; q; {"X; f CN [ ; N; \( •, = ] ; N a peripheral is ; N() •; q, !] ( ! +"N � (% NQ! ) ; <­; q 

( ­ ( [ ; N; \( • purpose I/O pin. 

• PORTA and the TRISA Register 
kF / I 0 "­ a 6-bit wide, ) "q"\; X!"QN( • +Q\!f I ] ; XQ\\ ; ­+QNq"N[ q( !( q"\; X!"QN \; [ "­!; \ "­ 

TRISA. Setting a TRISA bit (= 1) will make the corresponding PORTA pin an input (i.e., 

! !• q
f Q<!+<! q\"{; \ "N ( High-Impedance mode). Clearing ( I /Cx0 ) "!nw 

put he corresponding 
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% PCON Register 

I ] ; kQ= ; \ j QN!\Q• nkj F · . \; [ "­!; \ XQN!("N­ U•( [ ) "!­ !Q (••Q= q"UU; \; N!"( !"QN ) ; != ; ; N ( 

kQ= ; \oQN Reset (POR), a 5 \Q= NoQ<! / ; ­; ! n5 F / . , ( 3 ( !X] qQ[ Reset (WDT) and an 
external MCLR Reset. 

% PCL and kj d0 I M 
The Program Counter (PC) is 13 bits wide. The low byte comes from the PCL register 
= ] "X] "­ ( \; (q() •; and writable register. I ] ; <++; \ ) "!­ nkj H•&SuG. (\; NQ! \; (q() •; , ) <! 

(\; "Nq"\; X!•% = \"!() •; !]\ Q<[ ] !] ; kj d0 I M \; [ "­!; \f F N (N% / ; ­; !, !] ; <++; \ ) "!­ QU !] ; 

kj = "•• ) ; X•; ( \; qf 

• Indirect Addressing, INDF and FSR Registers 

The INDF register is not a physical register. Addressing the INDF register will cause 

"Nq"\; X! (qq\; ­­"N[ f CNq"\; X! (qq\; ­­"N[ "­ +Q­­") •; ) % <­"N[ !] ; C·mp \; ["­!; \f 0 N% 

"N­!\<X!"QN <­"N[ !] ; C·mp \; [ "­!; \ (X!<( ••% (XX; ­­; ­ !] ; \; [ "­!; \ +Q"N!; q !Q ) % !] ; p"•; 

x; •; X! / ; [ "­!; \, px/ f / ; (q"N[ !] ; C·mp \; [ "­!; \ "!­; •U, "Nq"\; X!•% npx/ w g. = "•• \; (q 

F F ] f 3 \"!"N[ !Q !] ; C·mp \; [ "­!; \ "Nq"\; X!•% \; ­<•!­ "N ( NQ Q+; \( !"QN n( •!] Q<[ ] ­!(!<­ ) "!­ 

� (% be affected). An effective 9-bit address "­ Q) !( "N; q ) % XQNX(!; N( !"N[ the 8-bit FSR 

\; [ "­!; \ (Nq !] ; C/k ) "! nx!( !<­HRG .f 

2.2.4 I/0 PORTS 
xQ� ; +"N­ UQ\ these I/O ports are � <•!"+•; >; q = "!] (N (•!; \N( !; U<NX!"QN UQ\ !] ; +; \"+] ; \( • 

U; (!<\; ­ QN !] ; q; {"X; f CN [ ; N; \( •, = ] ; N ( +; \"+] ; \( • "­ ; N() •; q, !] ( ! +"N � (% NQ! ) ; <­; q 

( ­ ( [ ; N; \( • purpose I/O pin. 

• PORTA and the TRISA Register 
kF / I 0 "­ a 6-bit wide, ) "q"\; X!"QN(• +Q\!f I ] ; XQ\\ ; ­+QNq"N[ q( !( q"\; X!"QN \; [ "­!; \ "­ 

I / Cx0 f x; !!"N[ ( I /Dx0 o) "! (= 1) = "•• � (_ ; !] ; XQ\\ ; ­+QNq"N[ kF / I 0 +"N (N "N+<! n"f; f, 

! !• q
f Q<!+<! q\"{; \ "N ( High-Impedance mode). Clearing ( I /Cx0 ) "!nw 

put he corresponding 
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g. = "•• � (_; the corresponding PORTA · · 5 pm (N output (i.e., put !] ; XQN!; N!­ QU !] ; Q<!+<! 

•( !X] QN !] ; ­; •; X!; q +"N.f 

Reading the PORTA register reads the stat vfth · 55· ' status of the pins, whereas writing to it will write 
to the port latch. All write operations are read- dify ' ' a. -mo 1 %o= N!; Q+; \( !"QN­f I ] ; \; UQ\; , ( = N!; 

!Q ( +Q\! "� +•"; ­ !] ( ! !] ; +Q\! +"N­ ( \; \; (qA !] ; {( •<; "­ � Qq"U"; q (Nq !] ; N = \"!!; N !Q !] ; 

+Q\! q( !( •( !X] f 

% PORTB and the TRISB Register 

POR TB is (N uo) "! = "q; , ) "q"\; X!"QN(• +Q\!f The corresponding data q"\; X!"QN \; [ "­!; \ "­ 

TRISB. Setting ( I /Cx5 ) "!nw r . = "•• � (_; !] ; XQ\\ ; ­+QNq"N[ kF / I : +"N (N "N+<! n"f; f, 

+<! the corresponding output q\"{; \ "N ( M"[ ] oC� +; q(NX; � Qq; . f j •; (\"N[ a TRISB bit (= 

O) will � (_ ; !] ; XQ\\ ; ­+QNq"N[ kF / I 5 +"N (N Q<!+<! n"f; f, +<! !] ; XQN!; N!­ QU !] ; Q<!+<! 

•(!X] QN !] ; ­; •; X!; q +"N.f 
I ] \; ; +"N­ of PORTB ( \; � <•!"+•; >; q = "!] !] ; CNoj "\X<"! m; ) <[ [ ; \ (Nq dQ= o1 Q•!( [ ; 

Programming function: /5 TEkv ' , /5 yEkv j and RB7/PGD. Each QU the PORTB pins 
] ( ­ ( = ; (_ "N!; \N( • +<••o<+f 0 ­"N[ •; XQN!\Q• ) "! X(N !<� QN (•• !] ; +<••o<+­f I ]"­ "­ 

+; \UQ\� ; q ) % X•; (\"N[ ) "! /5 kV nF kI CF · K/: vHRG.f I ] ; = ; (_ +<••o<+ "­ (<!Q� ( !"X( ••% 

!<\N; q QUU = ] ; N the port pin "­ XQNU"[ <\; q ( ­ (N Q<!+<!f I ] ; +<••o<+­ (\; q"­() •; q QN ( 

kQ= ; \oQN / ; ­; !f 
/5 gEC·I "­ (N external interrupt input +"N (Nq "­ XQNU"[ <\; q <­"N[ !] ; C·I : mv ) "! 

(OPTION_REG<6>). 
Four of the PORTB pins, RB7:RB4, have an interrupt-on-change feature. Only pins 

XQNU"[ <\; q (­ "N+<!­ X(N X(<­; this interrupt to QXX<\ n"f; f, any RB7:RB4 pin XQNU"[ <\; q 

(­ (N Q<!+<! "­ ; >X•<q; q U\Q� the interrupt-on-change comparison). I ] ; "N+<! +"N­ n QU 

/5 RS/5 c. (\; XQ� +(\ ; q = "!] !] ; Q•q {( •<; •( !X] ; q QN !] ; •( ­! \; (q QU kF / I : f 

I ] ; a� "­ � ( !X] a outputs of RB7:RB4 are F / i; q !Q[ ; !] ; \ !Q [ ; N; \( !; !] ; /5 +Q\! X] (N[ ; 

"N!; \\ <+! = "!] U•( [ ) "! /5 Cp nC·I j F · HF G.f 

a PORTC and the TRISC Register 
kF / I j "­ an 8-bit wide, ) "q"\; X!"QN(• +Q\!f I ] ; XQ\\ ; ­+QNq"N[ q(!( q"\; X!"QN \; [ "­!; \ "­ 

I /Cxj f x; !!"N[ ( I / Cxj ) "!nw 1) = "•• � (_; !] ; corresponding PORTC pin (N "N+<! n"f; f, 
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k
<! the corresponding output q•"{; \ "N ( M"[ •r \ ff N+; q( q . j • · I / Cxj ) f n ln incemode}. tearing a nt'= 

Q) = "•• � (_; !] ; XQ\\; ­+QNq"N[ kF / I j · · pin an output (i.e., put the contents of the output 

•( !X] QN !] ; ­; •; X!; q +"N.f 

% PORTD and TRISD Registers 

PORTD is (N uo) "! +Q\! = "!] xX] � "!! I \"[ [ ; \ "N+<! ) <UU; \­f : (X] +"N "­ "Nq"{"q<(••% 

XQNU"[ <\( ) •; ( ­ (N "N+<! Q\ Q<!+<!f kF / I m X(N ) ; XQNU"[ <\; q (­ (N uo) "! = "q; 

� "X\Q+\QX; ­­Q\ +Q\! nk( \( ••; • x•({; kQ\!. ) % ­; !!"N[ XQN!\Q• ) "!, kxk' F m: nI / Cx: HcG.f 

CN !] "­ � Qq; , !] ; "N+<! ) <UU; \­ ( \; I I df 

% PORTE and TRISE Register 
kF / I : ] ( ­ !] \; ; +"N­ (REO/RD/ANS, REL/WR/AN6 and / : &Ej xE0 · R. = ] "X] (\; 

"Nq"{"q<( ••% XQNU"[ <\() •; ( ­ "N+<!­ Q\ Q<!+<!­f I ] ; ­; +"N­ ] ({; xX] � "!! I \"[ [ ; \ "N+<! 

) <UU; \­f 
I ] ; kF / I : +"N­ ) ; XQ� ; !] ; I/0 XQN!\Q• "N+<!­ UQ\ !] ; � "X\Q+\QX; ­­Q\ +Q\! = ] ; N ) "! 

PSPMODE (TRISE<4>) is ­; !f CN !]"­ � Qq; , !] ; <­; \ � <­! � (_; X; \!( "N !] ( ! !] ; 

TRISE<2:0> bits (\; ­; ! (Nq !] ( ! !] ; +"N­ (\; XQNU"[ <\; q (­ q"[ "!( • "N+<!­f 0 •­Q, ; N­<\; 

that ADCONI is XQNU"[ <\; q UQ\ digital I/O. In !] "­ � Qq; , !] ; "N+<! ) <UU; \­ ( \; I I d f 

kF / I : +"N­ (\; � <•!"+•; >; q = "!] (N(•Q[ "N+<!­f 3 ] ; N ­; •; X!; q UQ\ (N(•Q[ "N+<!, !] ; ­; 

+"N­ = "•• \; (q ( ­ Os. TRISE controls !] ; q"\; X!"QN QU !] ; /: +"N­, ; {; N = ] ; N !] ; % (\; 

) ; "N[ <­; q (­ (N(•Q[ "N+<!­f I ] ; <­; \ � <­! � (_; ­<\; !Q _; ; + !] ; +"N­ XQNU"[ <\; q (­ 

"N+<!­ = ] ; N <­"N[ !] ; � ( ­ (N(•Q[ "N+<!­f 

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

q; {"X; ­f 

I • 
· f· analog input signal results "N ( corresponding 10-bit digital N<� ) ; \f 

1€ conversion o: an ' ' 
I ] ; AID � Qq<•; ] ( ­ ] "[ ] (Nq •Q= o{Q•!( [ ; \; U;\; NX; "N+<! !] ( ! "­ ­QU!= (\; ­; •; X!() •; !Q 

­Q� ; XQ� ) "N(!"QN of VDD, VSS, RA2 or /0 Tf 

cr 



I ] ; AID XQN{; \!; \ ] ( ­ ( <N"Y<; U;( !< · U ) · ) • · · · re o veing alle to operate while the device is 1n 

x•; ; + � Qq; f I Q Q+; \( !; "N x•; ; +, !] ; AID X•QX_ � <­! be derived from !] ; 0Cmi­ "N!; \N( • 

RC oscillator. 
I ] ; AID � Qq<•; ] ( ­ UQ<\ \; [ "­!; \­f I ] ; ­; \; [ "­!; \­ (\; S 

• AID / ; ­<•! M"[ ] / ; [ "­!; \ n0m /: xM. 

• AID / ; ­<•! dQ= / ; [ "­!; \ n0 m/: xd . 

• AID j QN!\Q• / ; [ "­!; \ g n0m j F · g. 

• AID j QN!\Q• / ; [ "­!; \ r n0m j F · •. 

The ADCONO register XQN!\Q•­ !] ; Q+; \(!"QN QU !] ; AID � Qq<•; f I ] ; 0m j F · • \; [ "­!; \ 

XQNU"[ <\; ­ !] ; U<NX!"QN­ QU !] ; +Q\! +"N­f I ] ; +Q\! +"N­ X(N ) ; XQNU"[ <\; q ( ­ (N( •Q[ "N+<!­ 

(RA3 can ( •­Q ) ; !] ; {Q•!( [ ; \; U;\; NX; . Q\ ( ­ digital 1/O. 
I ] ; 0m RESH: ADRESL registers XQN!( "N !] ; r go) "! \; ­<•! QU !] ; AID XQN{; \­"QNf 3] ; N 

!] ; AID XQN{; \­"QN "­ XQ� +•; !; , !] ; \; ­<•! "­ •Q(q; q "N!Q !]"­ AID / ; ­<•! \; [ "­!; \ +("\, !] ; 

GO/DONE bit n0m j F · gH&G. "­ X•; ( \; q (Nq !] ; A/D interrupt flag bit ADIF is ­; !f 

0 U!; \ !] ; AID � Qq<•; ] ( ­ ) ; ; N XQNU"[< \; q ( ­ q; ­"\; q, !] ; ­; •; X!; q X] (NN; • � <­! be 
acquired before the conversion is started. The analog input channels must have their 

corresponding TRIS ) "!­ ­; •; X!; q ( ­ "N+<!­f 

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

1. j QNU"[ <\; !] ; AID � Qq<•; S 
• j QNU"[ <\; (N( •Q[ +"N­E{Q•!( [ ; \; U; \; NX; (Nq q"[ "!( • I/0 n0m j F · •. 

• x; •; X! AID "N+<! channel (ADCONO) 
• x; •; X! AID XQN{; \­"QN clock (ADCONO) 

• I <� QN AID module (ADCONO) 
2. Configure A/D interrupts (if desired): 

• Clear ADIF bit 
• x; ! 0m C: ) "! 

• x; ! k: C: ) "! 

• x; ! v C: ) "! 
3. Wait !] ; \; Y<"\; q (XY<"­"!"QN !"� ; f 
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cf x!( \! XQN{; \­"QNS 

• Set GO/DONE bit n0m j F · g. 

hf 3 ("! UQ\ AID XQN{; \­"QN !Q XQ� +•; !; ) % ; "!] ; \S 

• kQ••"N[ UQ\ !] ; v F EmF ·: ) "! !Q ) ; X•; ( \; q X· ! f interrupts disabled); OR 

• 3 ("!"N[ UQ\ !] ; A/D interrupt 
6. Read A/D Result register pair (ADRESH: ADRESL), l bi' · ,clear it ADIF if required. 

7. For !] ; N; >! XQN{; \­"QN [ Q !Q ­!; + r Q\ ­!; + & · q I ] ND · · > asrequire. ie conversion time 

+; \ ) "! "­ q; U"N; q (­ I 0m f 

2.2.6 Timers 

o Timer0 Module : 

I ] ; I "� ; \g � Qq<•; !"� ; \EXQ<N!; \ ] ( ­ !] ; UQ••Q= "N[ U;(!<\; ­S 

• 8-bit timer/counter 
• / ; (q() •; (Nq = \"!() •; 

• 8-bit software +\Q[ \( � � () •; +\; ­X(•; \ 

• CN!; \N(• Q\ ; >!; \N(• X•QX_ ­; •; X! 

·Interrupt on Q{; \U•Q= U\Q� pp] !Q Fg] 

• : q[ ; ­; •; X! UQ\ ; >!; \N(• X•QX_ 

I "� ; \ � Qq; "­ ­; •; X!; q ) % X•; (\"N[ ) "! I gj x nF kI CF · K/: vHhG.f CN I "� ; \ � Qq; , !] ; 

I "� ; \g � Qq<•; = "•• "NX\; � ; N! every instruction cycle n= "!] Q<! +\; ­X(•; \. f CU the TMRO 

\; [ "­!; \ "­ = \"!!; N, !] ; "NX\; � ; N! "­ "N] ") "!; q UQ\ !] ; UQ••Q= "N[ != Q "N­!\<X!"QN X%X•; ­f 

I ] ; <­; \ X(N = Q\_ (\Q<Nq !] "­ by writing an (q$<­!; q {(•<; !Q the TMRO register. 

j Q<N!; \ � Qq; "­ ­; •; X!; q ) % ­; !!"N[ bit TOCS (OPTION_REG<S>). In j Q<N!; \ � Qq; , 

I "� ; \g = "•• "NX\; � ; N! ; "!] ; \ QN ; {; \% \"­"N[ Q\ U(••"N[ ; q[ ; QU pin RA4/TOCKI. The 
incrementing edge is q; !; \ � "N; q ) % the Timer0 Source : q[ ; x; •; X! ) "!, I Fx: 

fSS, fSS, 

(OPTION_REG<4>). Clearing bit TOSE selects !] ; \"­"N[ ; q[ ; f 

cT 



• Timerl Module: 

I ] ; I "� ; \• � Qq<•; "­ a 16-bit tin r/ • • mer/counter consisting of two 8-bit registers (TMRIH 
and TMRIL) which are readable and writable Th TMR1 e. ie register pair 

nI ' / •MSI ' / •d . "NX\; � ; N!­ U\Q� gggg] !Q pppp] (Nq \Q••­ Q{; \ !Q gggg] f I ] ; I '/ • 

interrupt, if ; N() •; q, 

"­ [ ; N; \( !; q QN Q{; \U•Q= = ] "X] "­ •( !X] ; q in interrupt flag ) "!, I ' / •Cp nkC/fr HgG.f I ] "­ 

"N!; \\ <+! X(N ) ; ; N() •; qEq"­() •; q ) % ­; !!"N[ EX•; (\ "N[ I ' / • "N!; rI <+! ; N() •; ) "!, I ' / ••: 

(PIE1<0>). 
I "� ; \• X(N Q+; \( !; "N QN; QU != Q � Qq; ­S 

·As a Timer 
• 0 ­ ( j Q<N!; \ 
I ] ; operating mode is q; !; NN"N; q ) % !] ; X•QX_ ­; •; X! ) "!, I ' / •j x nI •j F · H•G.f 

CN I "� ; \ � Qq; , I "� ; \• "NX\; � ; N!­ ; {; \% "N­!\<X!"QN X%X•; f 

CN j Q<N!; \ � Qq; , "! "NX\; � ; N!­ QN ; {; \% \"­"N[ ; q[ ; QU !] ; ; >!; \N( • X•QX_ "N+<!f 

I "� ; \• X(N be enabled/disabled by ­; !!"N[ EX•; ( \"N[ XQN!\Q• ) "!, I '/ •F · nI •j F · HF G.f 

e Timer2 Module: 
Timer2 is an 8-bit timer = "!] a prescaler and ( +Q­!­X( •; \f C! X(N ) ; <­; q ( ­ the PWM 
!"� ; ) ( ­; UQ\ the PWM mode QU !] ; j j k � Qq<•; n­. f I ] ; I ' /& \; [ "­!; \ "­ \; (q( ) •; (Nq 

= \"!( ) •; (Nq "­ X•; (\ ; q QN (N% q; {"X; / ; ­; !f 
I ] ; "N+<! clock (FOSC/4) has ( +\; ­X( •; Q+!"QN QU r Sr , r Sc or 1:16, selected ) % XQN!\Q• 

) "!­ 
T2CKPSI SI &j OkxF nI &j F · H• SF G.f 

I ] ; I "� ; \& � Qq<•; ] ( ­ an 8-bit period register, PR2. 
I "� ; \& "NX\; � ; N!­ U\Q� F g] <N!"• "! � ( !X] ; ­ k/& (Nq !] ; N \; ­; !­ !Q F F ] QN !] ; N; >! 

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

CN"!"( •"™; q !Q pp] <+QN / ; ­; !f 
I ] ; � ( !X] Q<!+<! of TMR2 goes !]\ Q<[ ] a 4-bit postscaler n= ] "X] [ "{; ­ ( r S r !Q 1:16 

­X( •"N[ "NX•<­"{; . !Q [ ; N; \( !; a TMR2 interrupt n•( !X] ; q "N U•( [ bit, TMR2IF (PIRI H•G.. f 

I "� ; \& X(N ) ; ­] <!oQUU by X•; ( \"N[ XQN!\Q• bit, TMR2ON (T2CON<2>), to � "N"� "™; 

+Q= ; \ XQN­<� +!"QNf 
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2.2.7 Instruction Set Summary 

The PIC instruction set "­ ] "[ ] •% Q\!] Q r f f f f [ QN( (Nq "­ XQ� +N­; q QU !] \; ; ) ( ­"X X(!; [ Q\"; ­S 

• Byte-oriented operations 
• Bit-oriented Q+; \( !"QN­ 

• Literal and control Q+; \( !"QN­ 

: (X] "N­!� X!"QN "­ ( rco) "! = Q\q q"{"q; q · · f � !Q (N opcode = ] "X] ­+; X"U"; ­ !] ; "N­!\<X!"QN 

!%+; (Nq QN; Q\ � Q\; operands hi:h fi ] · w'ac urt ; \ ­+; X"U% !] ; Q+; \( !"QN QU !] ; "N­!\<X!"QNf 

The format for ; (X] X( !; [ Q\% "­ +\; ­; N!; q "N Figure 2.3. 

Byt,~-c-ri ·,nte ·I ·f"I · ,= E @afierezgistraperaticons 

13 .s 7 6 j ! 

I OPCODE I q I 1 (FILE#;, 

cl = C for de-sti n3tJ.:m V•l 
d= 1 for destination f 
·f == 7-bitfil;: r>?gist.,.r 3ddr--=-s-s. 

it-oriental file register perations 
13 rg 8 7 r-. O I OPCODE Jb(8IT#:f ((FILE#) l 

b= 2-bit bit akdress 
f= 7-bit file register dcdress 

d"!o•• \( • S™"Nfq fQQN!\oQ• oS­+,fAo\f( !"QN­ 

CGererol 
13 e 7 0 

I OPCODE k (literal' 

_ w fxo) "• "� � ; q"SD•; {( •<; 

CS3A4Z3. nl ST instructions only 
12 11 1 

C,PCODE j k (lit.er-.11) 

k = 11 -blt imm,:dial,e v3IU6- 

Figure 2-3: Instruction formats 

pQ\ byte-oriented instructions, f represents ( U"•; \; [ "­!; \ q; ­"[ N( !Q\ (Nqiqi \; +\; ­; N!­ ( 

q; ­!"N( !"QN q; ­"[ N( !Q\f I ] ; U"•; \; [ "­!; \ q; ­"[N( !Q\ ­+; X"U"; ­ = ]"X] U"•; \; [ "­!; \ "­ !Q ) ; 

<­; q ) % !] ; "N­!\<X!"QNf I ] ; q; ­!"N( !"QN q; ­"[ N( !Q\ ­+; X"U"; ­ = ] ; \; !] ; \; ­<•! QU !] ; 

Q+; \( !"QN "­ !Q ) ; +•(X; qf CUqi "­ ™; \Q, !] ; \; ­<•! "­ +•(X; q "N !] ; 3 \; ["­!; \f CU iqi "­ QN; , 

!] ; result is placed "N !] ; U"•; \; [ "­!; \ ­+; X"U"; q "N !] ; "N­!\<X!"QNf 

ch 



pQ\ bit-oriented "N­!\<X!"QN­ i) i \; f • f > presents a bit field designator which selects the bit 
affected by the operation, while 'f +» + \; +\; ­; N!­ !] ; (qq\; ­­ QU !] ; U"•; "N = ] "X] !] ; ) "! "­ 

•QX(!; qf 

pQ\ literal and control Q+; \( !"QN­ i_i f · f f s represents an eight or eleven-bit constant or literal 

{( •<; f 

One instruction cycle consists of four oscillator periods: fc ill fr 3f 4 ­, Q\ (N Q­X" (!Q\ · ; Y<; NX% Q 

'M ™, !] "­ [ "{; ­ ( normal instruction execution !"� ; QU r <­f 0 •• "N­!\NX!"QN­ ( \; ; >; X<!; q 

= "!] "N ( ­"N[ •; "N­!\<X!"QN X%X•; , <N•; ­­ ( XQNq"!"QN( • !; ­! "­ !\<; , Q\ !] ; +\Q[ \( � XQ<N!; \ 

"­ X] (N[ ; q ( ­ ( \; ­<•! QU an instruction. When !] "­ QXX<\­, !] ; ; >; X<!"QN !(_; ­ != Q 

"N­!\<X!"QN X%X•; ­ = "!] !] ; ­; XQNq X%X•; ; >; X<!; q ( ­ ( · F kf 7 hW 

2.3 LCD Display 
F N; QU !] ; U"\­! !] "N[ ­ +; Q+•; = (N! !Q "N!; \U(X; !Q ( q; ­"[ N "­ (N dj m q"­+•(%, ) Q!] !Q 

] ; •+ = "!] q; ) <[ [ "N[ !] ; "\ +\Q[ \( � ­ (Nq ( ­ ( = (% !Q +\Q{"q; \; ­<•!­ !Q !] ; Q<!­"q; = Q\•qf 

' Q­! !; >! q"­+•(%"N[ d j mi­ (\ ; ) ( ­; q QN !] ; d j m XQN!\Q••; \f 

I ] "­ XQN!\Q••; \ !(_; ­ X(\ ; QU (•• !] ; � <•!"+•; >"N[ (Nq !] ; +; X<•"( \"!"; ­ \; Y<"\; q ) % !] ; 

d j m q"­+•(% (Nq +\Q{"q; ­ ( •Q= level command interface UQ\ X; \!( "N (X!"QN­ •"_; ­X\; ; N 

clearing, cursor shape (Nq ­"™; , X] (\ (X!; \ q"­+•(%"N[ ; !Xf 

I ] ; d j m controller communicates with !] ; ] Q­! ' "X\Q XQN!\Q••"N[ VN"! !] \Q<[ ] (N u ) "! 

) "oq"\; X!"QN( • interface (DO-D7) and T XQN!\Q• •"N; ­ n: , RS, RW). 

d j mi­ (\; ­•Q= q; {"X; ­ = ] ; N XQ� +(\ ; q !Q � "X\QXQN!\Q••; \­f x+; X"( • (!!; N!"QN � <­! ) ; 

+("q ­Q !] ; XQ� � (Nq­ (Nq q(!( ( \; NQ! ­; Nq !QQ Y<"X_•% U\Q� !] ; ' "X\Q XQN!\Q••"N[ VN"!, 

(Nq !] ; q; ­"[ N; \ � <­! XQN!\Q• !] ; XQ� � <N"X( !"QN ­+; ; q (Nq !"� "N[ <­"N[ •(!X] "N[ q; {"X; ­ 

!Q ; N­<\; !] ( ! !] ; ­•Q= dj m (Nq !] ; U(­! ' "X\Q XQN!\Q••"N[ VN"! ­!(% ­%NX]\ QN"™; qf 
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I ] ; d j m � Qq<•; XQN!("N­ T q"UU; \; N! U<NX!"QN(• ) •QX_­S I ] ; j ] ( \( X!; \ v ; N; \( !Q\ / F ' 

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

I ] ; / F ' X] ( \(X!; \ [ ; N; \( !Q\ "­ U(X!Q\% +\Q[ \( � � ; q (Nq XQN!("N­ !] ; &gu X] ( \( X!; \­ !Q 

) ; q"­+•(%; qf 

I ] ; j v o/0' (••Q= ­ !] ; <­; \ !Q q; U"N; <+ !Q u ­+; X"( • X] (\ (X!; \­ !] (! (\; NQ! "NX•<q; q "N 

!] ; j v o/ F ' f 

I ] ; mmo/0' ] Q•q­ !] ; X] (\ (X!; \­ !] ( ! ( \; (X!<(••% q"­+•(%; q "N !] ; dj m 

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

' "X\Q XQN!\Q••"N[ VN"!f 

I ] ; � Q­! "� +Q\!(N! QU !] ; U<NX!"QN ) •QX_­ "­ !] ; mmo/0' f I ]"­ ] ( ­ !Q qQ = "!] !] ; = (% 

!] ( ! "­ "� +•; � ; N!; q (Nq ­Q� ; !"� ; ­ "­ q"UU; \; N! U\Q� dj m !Q dj m q; +; Nq"N[ QN ] Q= 

� (N% •"N; ­ ) % ] Q= � (N% \Q= ­ !] ; d j m X(N q"­+•(% !] ; mmo/0' (qq\; ­­ X] (N[ ; ­f 7yW 

cR 
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Chapter Three 

Design Concepts 

3.1 Project Objectives 

I ] ; ­%­!; � "­ XQN­"q; \; q !Q ] ({; � (N% Q)$; X!"{; ­, !] ; ­; objectives are:­ 

e Driving ( ­!(Nq (•QN; j mom\"{; <­"N[ � "X\QXQN!\Q••; \f 

• j QN!\Q••"N[ QU ( j mom\"{; <­"N[ XQN!\Q• ) <!!QN­f I ] "­ XQN!\Q••"N[ "­ q; ­X\") ; q 

) % !] ; UQ••Q= "N[ ( ­+; X!­S 

1. Play (Nq ­!Q+ !\(X_f 

&f CNX\; ( ­; (Nq q; X\; ( ­; !] ; {Q•<� ; f 

Tf x; •; X!"QN ) ; != ; ; N q"UU; \; N! +•(%"N[ !\( X_­f 

cf / ; !\"; {"N[ (Nq UQ\= (\ q"N[ !\(X_f 

hf k(<­; QN (Nq QUUf 

• m; {; •Q+ (N dj m q"­+•(% ­%­!; � XQNN; X!; q !Q !] ; j mom\"{; f 

• Amplifying the volume out from CD-Drive. 

3.2 General Block Diagram 
I ] ; UQ••Q= "N[ ) •QX_ q"( [ \( � q; U"N; ­ !] ; [ ; N; \( • ­%­!; � XQ� +QN; N!­S 

Control 
Buttons 

LCD 
Display 

Storage 
Device 

CD 
Drive 



Chapter Three 

Design Concepts 

3.1 Project Objectives 

I ] ; ­%­!; � "­ XQN­"q; \; q !Q ] ({; � (N% Q)$; X!"{; ­, !] ; ­; objectives are:­ 

e Driving ( ­!(Nq ( •QN; j mom\"{; <­"N[ � "X\QXQN!\Q••; \f 

• j QN!\Q••"N[ QU a CD-Drive using XQN!\Q• ) <!!QN­f I ] "­ XQN!\Q••"N[ "­ q; ­X\") ; q 

) % !] ; UQ••Q= "N[ ( ­+; X!­S 

r f k•(% (Nq ­!Q+ !\(X_f 

&f CNX\; ( ­; (Nq q; X\; ( ­; !] ; {Q•<� ; f 

Tf x; •; X!"QN ) ; != ; ; N q"UU; \; N! +•(%"N[ !\( X_­f 

cf / ; !\"; {"N[ (Nq UQ\= (\ q"N[ !\( X_f 

· hf k(<­; QN (Nq QUUf 

• m; {; •Q+ (N dj m q"­+•(% ­%­!; � XQNN; X!; q !Q !] ; j mom\"{; f 

• 0 � +•"U%"N[ !] ; {Q•<� ; Q<! U\Q� j mom\"{; f 

3.2 General Block Diagram 
I ] ; UQ••Q= "N[ ) •QX_ q"( [ \( � q; U"N; ­ !] ; [ ; N; \( • ­%­!; � XQ� +QN; N!­S 

Control 
Buttons 

LCD 
Display 

Storage 
Device 

CD 
Drive 



3.3 How System Works 
I ] ; j mom\"{; "­ !] ; ) ( ­"X XQ� +QN; N! "N O • . . . ur system, that it will be driven as an audio 
j m = "!] Q<! !] ; XQ� +<!; \ "N Q\q; \ !Q (X! ( ! q ­ ( ­ \(N (•QN; ­%­!; � f 

I ] ; ­%­!; � = "•• <­; !] ; microcontroller fcr !• f f or nis purpose (Nq ) ; X(<­; !] ; j mom\"{; 

N; ; q­ !Q be connected to ( q"­+•(% ­ ­! q · 4 ; � (N ­= "!X] ; ­f xQ (•• !] ; XQ� +QN; N!­ !] ( ! = "•• 

) ; <­; q "­ XQNN; X!; q !Q this microcontroller. 

I ] ; <­; \ "N"!"( !; !] ; ­%­!; � <­"N[ !] ; +Q= ; \ ) <!! !] kCj · · on, 1e microcontroller will be 

initialized so that the ports will be configured, the registe ill be 3d id tl • gisters wi, e zeroec anc the 

(N( •Q[ !Q q"[ "!( • XQN{; \!; \ = "•• ) ; ­; !f 

I ] ; N the PIC microcontroller = "•• "N"!"( •"™; !] ; j m q\"{; ) % ­; Nq"N[ the 12 byte 

XQ� � (Nq +(X_; !, (Nq � (_; ( \; ­; ! !Q !] ; j mf 

I ] ; kCj � "X\QXQN!\Q••; \ = "•• +Q•• !] ; ­!(!; QU !] ; +Q\! = ] "X] "­ XQNN; X!; q !Q !] ; +<­] 

) <!!QN­, "N Q\q; \ !Q q; !; \ � "N; = ] "X] U<NX!"QN ­] Q<•q ) ; qQN; f 

I ] "­ = "•• ) ; +; \UQNN; q ) % XQ� +( \"N[ !] ; \; ­<•! QU !] ; (N( •Q[ !Q q"[ "!( • XQN{; \!; \ a= ] "X] 

"­ XQNN; X!; q !Q {Q•!( [ ; q"{"q; \ X"\X<"!a ) % ( ­!Q\; q {( •<; !] ( ! "Nq"X(!; ( ­+; X"U"X 

Q+; \( !"QNf 

3 ] ; N !] ; kCj microcontroller determines which O; % "­ +\; ­­; q, "! = "•• ; >; X<!; !] ; 

­<) \Q<!"N; !] ( ! XQ\\; ­+QNq­ !Q !] ( ! Q+; \( !"QNf 
: (X] ­<) \Q<!"N; = "•• ) ; ; >; X<!; q ) % ­; Nq"N[ ( ­+; X"( • +(X_; ! XQ� � (Nq !Q !] ; j m m\"{; 

XQ� � (Nq \; [ "­!; \f I ] "­ +(X_; ! XQ� � (Nq "NX•<q; ­ !] ; Q+; \( !"QN XQq; UQ\ the command 

(Nq ­Q� ; +( \( � ; !; \­ \; •( !; q !Q Q+; \( !"QN "!­; •Uf 
According to !] ; XQ� � (Nq "N !] ; Drive command register, "! = "•• \; +•% UQ\, and perform 

t 

!] ; q; ­"\; q Q+; \( !"QNA "U !] ; XQ� � (Nq "­ F +; N !] ; N !] ; � ; q"( = "•• ) ; ejected, and so QNf 

xQ !] ; <­; \ = "•• = ( "! UQ\ ( \; +•% UQ\ ] "­ \; Y<; ­! (U!; \ +<­] "N[ !] ; q; ­"\; q ) <!!QNf 0 Nq !] ; 

<­; \ = "•• ] ; (\ (N ( � +•"U"; q ­Q<Nq \; ­<•!; q U\Q� !] ; ­+; (_; \ QU !] ; ( � +•"U"; \ X"\X<"!f 

I] ; ­%­!; � (•­Q ="•• "N!\Qq<X; (N dj m m"­+•(% ­%­!; � !] (! = "•• [ <"q; !] ; <­;\ q<\"N[ 

] "­ !\"+ = "!] !] ; 0 <q"Q j m m\"{; x%­!; � f 
In additic tha, the system will also allow the user to use all the existing features in 
<r ( r !rQN !Q ! (!, ; ­ 
the CD-Drive such as, using headphones... 
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M(\q= ( \; System m; ­"[ N 

cfr m: xCv · F kI CF · x 

4.1.1 The � "X\QXQN!\Q••; \ 

4.1.2 The Programmer 

cf& x4 xI : ' 5 dF j O mC0 v /0 ' x 

cf&fr v ; N; \( • x%­!; � 5 •QX_ m"([ \( � 

4.2.2 Block m"([ \( � UQ\ kCj (Nq Cm: j QNN; X!Q\ 

cf&fT 5 •QX_ m"([ \( � for PIC and dj m m"­+•(% 

cf&fc 5 •QX_ m"([ \( � UQ\ 0 <q"Q j QNN; X!"QN 

cf&fh 5 •QX_ m"([ \( � for PIC and j QN!\Q• 5 <!!QN­ 

cfT x4 xI : ' j C/ j VCI x 

cfTfr CN!; \U(X; X"\X<"! of PIC and Cm: XQNN; X!Q\ 

cfTf& CN!; \U(X; X"\X<"! of PIC and dj m m"­+•(% 

cfTfT CN!; \U(X; X"\X<"! of PIC and O; %+(q 
4.3.4 Audio 0 � +•"U"; \ = "!] j m / F ' m\"{; X"\X<"! 

4.4 PROGRAMMER CIRCUITS 
4.4.1 In j "\X<"! x; \"( • k\Q[ \( � � "N[ j "\X<"! 

cfcf& k(\(••; • kQ\! k\Q[ \( � � ; \ 

hr 



Chapter Four 

Hardware System Design 

I ] "­ X] (+!; \ q; ­X\") ; ­ !] ; main hardw 

] 

(\ ; XQ� +QN; N!­ <­; q q<\"N[ ) <"•q"N[ !] ; ­%­!; � C! 

\; +\; ­; N!­ Q= !] ; ­; XQ� +QN; N!­ (\ ; f ! · . · integrated !Q ; (X] Q!] ; \f 0 ) •QX_ q"( [ \( � ­ (Nq 

general schematic diagrams will describe th ; <­ ­%­!; � f 

I ] ; � ( "N ] (\q= ( \; XQ� +QN; N!­ "N !] ; ­%­!; � (\; S 

1. j m/ F ' oCm: cgok"N j QNN; X!Q\ 

2. kCj ' "X\QXQN!\Q••; \ 

Tf d j m m"­+•(% 

4. 0 � +•"U"; \ 

hf CN+<! x= "!X] ; ­ 

yf j ( ) •; ­ (Nq j QNN; X!"QN­ 

4.1 Design Options 
4.1.1 The microcontroller 
There are many microcontrollers that have the required construction and operations to 

U<•U"•• !] ; ­%­!; � N; ; q­f 

r f kCj � "X\QXQN!\Q••; \ 

&f ughr j ] "+ 

PIC Microcontrolier 
I] ; Q+!"QN QU X] QQ­"N[ the PIC Microcontroller refers !Q "!­ ; >"­!; NX; "N Q<\ X"!%f 0 •­Q, 

) ; X(<­; PIC Microcontroller owns !] ; \; Y<"\; q CF +Q\!­ (Nq ­Q� ; "N!; \N(• X] "+­ !] ( ! !] ; 

­%­!; � N; ; q­, = "!] Q<! (N% ; >!; \N(• X"\X<"!­ !Q (qqf 

To view the features of the microcontroller see page 3­ 

h& 
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8051 Microcontroller 

It X(N ­<++Q\! !] "­ +\Q$; X!, ) <! !] ; \; "­ ( N; ; q ! qq f f f o ac additional chips, such as analog to 
q"[ "!( • XQN{; \!; \, (•­Q � (++"N[ "­ N; ; q; q fff 

I ] ; XQ� +QN; N! QU !%+"X(• ughr 

CPU = "!] 5 QQ•; (N +\QX; ­­Q\ 

-5 Q\ y interrupts: 2 are external, 2 priority •; {; •­ 

-2 Q\ 3 16-bit timer/counters 
- Programmable U<••oq<+•; > serial port (baud \( !; +\Q{"q; q ) % QN; QU !] ; !"� ; \­. 

-32 I/0 •"N; ­ (four 8-bit ports) 

-RAM 
ROM/EPROM in ­Q� ; � Qq; •­ 

x!(Nq (•QN; j m q\"{; N; ; q ( � "X\QXQN!\Q••; \ = "!] •( \[ ; N<� ) ; \ QU IO ports, in Q\q; \ !Q 

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 X] Q­; N ) ; X(<­; "! +\Q{"q; ­ � <X] � Q\; U;( !<\; ­ !] (! qQ NQ! ; >"­! "N 

ughr � "X\QXQN!\Q••; \, !] ; � Q­! "� +Q\!(N! QN; "­ !] ; •(\ [ ; N<� ) ; \ QU CF +Q\!­, (Nq !] "­ 

= "•• (••Q= XQNN; X!"N[ !] ; dj m q"­+•(% = "!] QN; QU !] ; input ports. 
In (qq"!"QN, !] ; kCj � "X\QXQN!\Q••; \ +\Q{"q; (N(•Q[ !Q q"[ "!( • XQN{; \!; \ !] ( ! "­ important 
"N !] "­ +\Q$; X!, (Nq !] ; U;( !<\; QU •Q= +Q= ; \ XQN­<� "N[ , ; NXQ<\( [ ; (N% q; ­"[ N; \ !Q 

X] QQ­; "!f 
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4.1.2 The k\Q[ \( � � ; \ 

In Q\q; \ !Q ) <� Q<\ ­QU!= (\ ; +\Q[\ ( � · ! ] � F ! ; kCj � "X\QXQN!\Q••; \, !] ; \; "­ ( N; ; q QU ( 
] (\q= ( \; +\Q[ \( � � ; \ !] ( ! = "•• "N­!( •• !] ; • U"• f f •; > r ; +\Q[ \( � � !Q !] ; kCj f 
The programmer options (\ ; S 

4.1.2.1 Companies Programmers product 

I ] ; � "X\QX] "+ XQ� +(N%a I ] ; +\Qq<X; \ QU !] ; kCji i ffi · Q ; \­ many suitable programmers 
x<X] (­ Microchip PIC-Start which \<N­ () Q<! e&ggf 

F \ +\Q[\ ( � � ; \­ U\Q� 0 <­!\( •"(N XQ� +( r a· .f'. q• a ny lewfoun land' that makes a compatible 

programmer that does everything the Microchip programr dc d th f mer toes an then some or 

$100. The (q{(N!( [ ; !Q !] "­ ­Q\! QU +\Q[ \( �� ; \ "­ !] (! %Q< X(N <­; "! q"\; X!•% = "!] 

MPL AB. 

4.1.2.2 In-Circuit Serial Programming 

3 ] ; N !] "­ X"\X<"! ] ( ­ ) ; ; N ) <"•!, !] ; +\Q[\ ( � � ; \ "­ N; ; q; q QNX; !Q ­; ! <+ !] ; kCj = "!] ( 

­� ( •• ) QQ!; \ X(••; q ) QQ! •Q(q; \, (Nq (•• Q!] ; \ +\Q[ \( � � "N[ = "•• ) ; {"( !] "­ X"\X<"!f 

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

qQ= N•Q(q !] ; ] ; > U"•; +\Q[\ (� !Q the PIC. 

I ] ; X"\X<"! <­; ­ a MAX232 5V to RS232 converter X]"+, !] "­ XQN{; \!­ the 0-5V TTL 

•; {; •­ (! the PIC pins !Q the +12V/-12V levels <­; q "N / x&T& •"N_­f 0 ­ "­ XQ� � QN = "!] 

!] ; ­; q; {"X; ­ "! "N{; \!­ !] ; q(!( q<\"N[ !] ; XQN{; \­"QN, !] ; kCj Vx0/ I ] ( \q= (\; "­ 

q; ­"[ N; q !Q !(_ ; (XXQ<N! QU this - but UQ\ ­QU!=(\ ; ­; \"( • XQ� � <N"X(!"QN­ %Q< N; ; q !Q 

� (_; ­<\; !] ( ! %Q< "N{; \! ) Q!] the incoming and Q<![ Q"N[ q(!( ) "!­f 

I ] ; != Q X•Q­; q •"N_­ QN !] ; / j R and RC6 lines (\ ; UQ\ XQNN; X!"QN !Q !] ; • ypuRy ) Q( \q 

n!] ; rypuRy <­; ­ / j y and RC7 for "!­ USART connection), and ( \; !] ; !=Q !Q+ = "\; 

•"N_­ ­] Q= N QN !] ; !Q+ {"; = QU !] ; ) Q( \q ) ; •Q= f I ] ; != Q Q+; N •"N_­ QN !] ; / j • (Nq / j & 

•"N; ­ (\; UQ\ the 16F628 board (the 16F628 uses /5 • and RB2 for "!i­ Vx0/ I 

connection. 
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I ] ; <­; q software is called q ownloader that downloads in few ­; XQNq­ !] ; q; ­"\; q 

program. 

Figure 4-1: Serial programmer Interface 

4.1.1.3 Parallel Port Programmer 
I ] "­ +\Q[ \( � � ; \ X(N ) ; ; ( ­"•% ) <"•! = "!] ( U;= XQ� +QN; N!­, (Nq X(N ) ; <­; q !Q +\Q[ \( � 

the PIC without the need of the programmer at all!! 
x+; X"( • ­QU!= ( \; "­ N; ; q; q QN•%A !] "­ ­QU!= (\ ; "­ 3 "NqQ= ­ ) ( ­; q ­QU!= ( \; !Q XQN!\Q• ( 

q; {; •Q+� ; N! +\Q[ \(\ N� ; \ for PIC microcontrollers. In Q\q; \ UQ\ !] "­ ­QU!= ( \; !Q Q+; \( !; 

= ; ] ({; !Q ( !!(X] ( +\Q[ \( � � ; \ !Q !] ; XQ� +<!; \ (Nq ­; ! <+ !] ; ] (\ q= (\ ; t ­QU!= ( \; 

(++\Q+\"( !; •%f 
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007F 0087 
0000 0000 
0 031 0000 
0000 0000 
a ca 0000 
00EE OOu5 
0020 0000 
Go6G 0069 
0000 0000 
00F.6 0005 
OOFE 0 02E 
a0::0 0000 
Oo74 O OGE 

Figure 4-2: Parallel programmer Interface 

Which programmer did we use and why? 

rf 3 ; <­; parallel port programmer, ) ; X(<­; S 

- : ( ­% !Q ) <"•q 

k Do NQ! N; ; q !] ; +\Q[\ (�� ; \ ( ! (•• 

Has U\; ; ­QU!= ( \; 

k Support � (N% {; \­"QN QU kCj � "X\QXQN!\Q••; \ 

Allow !Q \; (q, +\Q[ \( � , {; \"U% (Nq ; \( ­; !] ; kCj � "X\QXQN!\· Q••; \ 

&f 3 ; !\% !Q <­; !] ; CN j "\X<"! x; \"( • k\Q[\ (�� "N[ , ) <! ­Q� ; +\Q) •; � ­ U(X; ­ <­ 

) ; X(<­; S 
k It N; ; q­ ( +\Q[\ ( � � ; \ QNX; , to burn the ) QQ! •Q(q; \ "N!Q !] ; kCj 

- I ] ; ) QQ! •Q(q; \ qQ; ­ NQ! ) <\N; q (! !] ; q; ­"\; q (qq\; ­­ 
Tf I ] ; X] Q"X; QU XQ� +(N% +\Qq<X; q +\Q[ \(� � ; \ "­ () (NqQN; q ) ; X(<­; "! r­ NQ! 

({( "•() •; "N Q<\ X"!%f 
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cf& x%­!; � 5 •QX_ m"([ \( � ­ 
cf&fr v ;N; \(• x%­!; � Block Diagram 

LCD Display PIC Microcontroller !DE Connector 

[:] ND ~ Converter Port A 

' 5 :D 
/A I\ l\ J B I 
iB E 

B 

J l \,\1 V F E 

B 
B Key Pad 

_l _ 

_l_ Ir Speaker Amplifier CD-Drive ! ! 

» 
_l_ 

b . 0 /l__ 1/L- S )_ 

',,r-b 
<J 
{ )_ 

g 

p"[ <\; cfTS x%­!; � 5 •QX_ m"([ \( � 
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4.2.2 Block m"([ \( � UQ\ kCj (Nq Cm: j QNN; X!Q\ 

PIC Microcontroller IDE Conn tor ; X 

Control signals "«., Port A 

I data B I/ Data 
Port B ~ I 

l/l 
E 

Port C "N 

p"[ <\; cfcS kCj KCm: 5 •QX_ m"([ \( � 

cf&fT 5 •QX_ m"([ \( � UQ\ kCj (Nq dj m m"­+•(% 

PIC Microcontroller 

LCD Display 

A Data 
Port D E 

I 

control 5 Port E 1· 

Figure 4.5: PIC_LCD Block m"([ \( � 
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4.2.4 Block m"([ \( � UQ\ 0 <q"Q j QNN; X!"QN 

Speaker Amplifier CD-Drive 

Audio Out 

A / '------! 

g g 

g 
g 

Audio In 

.,/ fKKK KK _, 
s' 

/ / , .. • connector 

p"[ <\; cfyS 0 <q"Q 5 •QX_ m"([ \( � 

4.2.5 Block m"([ \( � UQ\ kCj (Nq j QN!\Q• 5 <!!QN­ 

PIG Microcontroller 

ND A Port A E 
Converter N 

s 

Voltage 

Key Pad 

1 LCD info 
-<> go 

1 Open/Close 
f 

1 Previous 
-<> 0- 

1 Next 
"ye 

1 Play/Off 
oHG go 

1 Pause 
oHG c,..- 

p
f c R· j QN!\Q• 5 <!!QN­ 5 •QX_ m"([ \( � igure · · 

hb 



cfT x%­!; � j "\X<"!­ 
4,3.1 Interface j "\X<"! QU kCj t Cm: j QNN; X!Q\ 

i' Cj / F j F · I / Fdd : / 
0 9:2,C Ll•O U.T 1 4 \, 

CDROM 
IDE_ CONNECTOR 

[El f] { ;"E'7' ] { 

if#l g 
RCCl•T10S LiT1C l<l 15 / j rUUrggg ·owZoooDafc rR 

F,:::2CC P 1 19 ooo7P 

1 - RC3f.::.:CV.EC L 21 ooQ ]Rupp Rcisi};} EZk_ jkK' 4z P ! 
oscicikm 5so 425 

RCS ~ 
RGT !oooffffffSSSSffwffSSZ ,. 31 

R 
IDEA□ X 33 

psPL 35 
RD1/PSP1 Xooo! 31 
RD2SP2 39 
RDJfPSPJ iowwiwKfr RPSP+] HEADER 2I2 
RD5PS PS D2 R2 
RD""ip~P6 ').- ~-V 1 -Y· I j 1 Z i IDEIRST , ~ {{o C• 
/ grfikx k" ZSfffooffDooPZZ ltffSTATLlS H □R 

/ 5•"/ m 
RE 1.lR 
RE2CS 

IOE Kl 

kj ry pP� 
r / r L py? 1-e { 
STATUS 41□R 

p"[ <\; cfuS CN!; \U(X; j "\X<"! QU kCj t Cm: j QNN; X!Q\ 

rr• "­ X"\X<"! q; ­X\") ; ­ !] ; ) ( ­"X Q+; \(!"QN QU !] ; ­%­!; � !] \Q<[ ] !] ; "N!; \U(X; ­"[ N(•­ (Nq 

q(!( ) ; != ; ; N !] ; kCj (Nq !] ; Cm: XQNN; X!Q\ QU !] ; q\"{; fC! ] ( ­ & d: m U•( [ ­ !] ( ! !; •• <­ 

­!( !<­ QU !] ; kCj (Nq !] ; q\"{; f 

0 ­ "!­ X•; ( \, +Q\! 0 of PIC is <­; q UQ\ (qq\; ­­; ­ (Nq \; (q Q\ = \"!; ­"[N(•­ !\(N­U;\\ ; q !Q 

!] ; q\"{; f kQ\! 5 (Nq +Q\! j ( \; <­; q UQ\ q( !( !\(N­U;\f 
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'rocontroller will (X!"{(!; !] ; CF 3 ­"[ N(• (Nq ­; Nq ( j M: j O xI 0 I Vx new 
q (X_; ! {"( !] ; q(!( ) <­, (Nq !] ; N !] ; kCj = "•• (X!"{(!; !] ; CF / ­"[ N(• rrr Q\q; \ ommane P 

f q !] ; q\"{; ­!(!<­f 
to Tea 

f· · ­ NQ! ) <­%, !] ; kCj ="•• ([ ("N (X!"{(!; !] ; CF 3 ­"[N(• !Q ­; Nq !] ; XQ� � (Nq If (he drive 1 . . 
f q ="!] !] ; ­+; X"U"; q Q+; \( !"QNf associate 

" Circuit of PIC t LCD Display cfTf& CN!; \r (X; 

PIC16F877 

LCD 

080 
081 
082 
083 
084 LCD DO 
085 LCD 01 
086 LCD 02 
087' LCD 03 

0/1 LCD RS 
R/W LCD RW 
E LCD CK 

VO 

VDD 

vss 

2 ines X 16 chrs 

7 

OSC2/CLKOUT<~ 

RA□+ RA1, 
RA2 ~ 
RA3 }d 

RA4/TOG.ISL t---:;-­ 
RA5/SS \oo 

33 
RB0IINT ~ 

RB1 '35 
RB2ts5 
RB3'"'"'37' 
RB4 }ss 
Res 5% 
RB6r;jo 
RB7 ,------ 

15 
RC0IT1OS1/T1CKI '7iJ 

RC1/T1OSO ~ 
RC2/CCP1 ---;-s­ 

RC3/SCK/SCL ~ 
,'] wctRvo Rcaus!,Z@ 

13 OSC1/CLKIN RC51SDO 25 
: RC6l5g 

RC7 -= 
L~19~_-fL¥CD~DOf-· ==~ spoors"o [a '[]8' ] IM Ro2sP2 [5z cD D3 

RD31PSP3 27 
RD4/PSP4 ~ 
RD5/PSP5 29 
RD6/PSP6 ~ 
RD7/PSP7 ~ 

LCD RS eeegl±=#7 RewR [7@ LCD Cs 
RE21CS 

. C t LCD Display Circuit of Pl f c b· Interface 1r p"[ <\; • · 
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jicrocontroller will (X!"{(!; !] ; row ­"[ N(• (Nq ­; Nq ( j M: j O xI 0 I Vx The rrr r 

q (X_; ! {"( !] ; q(!( ) <­, (Nq !] ;N !] ; kCj ="•• (X!"{(!; !] ; CF / ­"[ N(• "N Q\q; \ ommane P 
f q !] ; q\"{; ­!(!<­f to rea 

f· · ­ NQ! ) <­%, !] ; kCj ="•• ([ ("N (X!"{(!; !] ; row ­"[N(• !Q ­; Nq !] ; XQ� � (Nq rthe dnrves 
f q ="!] !] ; ­+; X"U"; q Q+; \( !"QNf associate 

" Circuit of PIC t LCD Display cfTf& CN!; \r (X; 

PIC16F877 

LCD 

m5 F 
m5 r 
m5 & 
m5 T 
DB4 LCD mF 
m5 x dj m mr 
m5 y dj m m& 
m5 Ri dj m mT 

mEr d j m / x 
/ E3 LCD RW 
: dj m j O 

1 F 

1 mm 

vss 

2 Ines X 16 chrs 

F xj &Ej dOF VI H,r"K 

RAo }d 
/ 0 r --;r-­ 
/ 0 & Z 
RA3 }g 

/ 0 cEIF vfCxd r-:,-­ 
/ 0 hExx \oo 

TT 
/ 5 F EC· I Z 

/ 5 r '35 
/ 5 &iTy 
/ 5 TiTiWi 
RB4 ] ss 
Res 5% 
/ 5 y '4c) 
/ 5 R ,ooooooo 

15 
/ XQ� F xCEI r j O• Z 

/ j r EIr F xF Z 
/ j &Ej j kr ---;s­ 

/ j TExj OExj d '23 
_Jc MCLR/Vpp / j cExmC Z 

r T F xj rEj dOC· / j hExmF &h - Rc6 5, 
/ j R "oowo 

L.ZrbZooUd¥j mZmFUowwSSSSSSr RoPsPo [as '[]8' ] @4IM® / m&Ekxk& SSSf&& dj m mT 
/ mTEkxkT &R 
/ mcEkxkc Z 
RDsIPSPS '5% 
/ myEkxky Z 
/ mREkxkR Z 

dj m / x eeeeel± #] RE/uR [To LCD C 
RE2/CS 

. C t LCD Display Circuit of Pl . 4 9· Interface 1r Figure • · 
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f !] ; "N!; \U(X; ) ; != ; ; N !] ; � "X\QXQN!\Q••; \ (Nq !] ; X!· r f f f 
Here15 . lsplay unit which is LCD. The 

_ r· r rUQNrr ( !"QN !] ( ! "­ \; (q U\Q� !] ; q\"{; (\; +( ­­; q ) % kCj ! ) qf r q ] traclS ' Q e spiaye QN ! ; 

LCD. 

dj m CQN� \NN"X(!; ­ = "!] the microcontroller through an 4 bit bi -di :ti a · ! U The r o "\; X rg N( � ; \ (X; 
(DcKgR. ,!(_ "N[ "N!Q (XXQ<N! !] (! !] ; ­%­!; � q; ­"[ N; \ "­ a•Q= a QN CEg •"N; ­ (Nq T XQN!\Q• 

•"N; ­ n : , / x, / 3 .f 

m(!( •"N; ­ <­; !] ; •Q= Q\q; \ •"N; ­ QU +Q\! m (Nq q( !( !\( N­U;\­ ) ; != ; ; N !] ; 

3controller and d j m ( \; qQN; "N != Q X%X•; ­, ( N") ) •; nc ) "!­. ( ! ( !"� ; f kQ\! : "­ <­; q 
micro 
by !] ; XQN!\Q• ­"[N(•­, (Nq ( X•QX_ "­ ­<++Q\!; q !Q ­%NX] \QN"™; !] ; !\(N­U;\ ) ; X(<­; QU 

­•Q= N; ­­ QU d j m XQ� +(\; q !Q � "X\QXQN!\Q••; \­f 

cfTfT CN!; \U(X; Circuit QU Keypad t PIC 

PIC16FB77 
ffffffoooooooR rc 

SC2/CLKOUT 
KEYS / !SF VooooooZDffSdfooooo, 

/ 0 r 
/ S0& 
R.A3 

RAM/TO CKI 
/ 0S"Exx 

RCCili1 os1m CKI 
RC1,moso 
RC21CCP1 

/ j T•xj _Dxj d 
,4} icpp RC/SDI 0isciicika Ag? 

RC7 

pSggEkxkF 
pSgr fCkxkr 
/ g&Ekxk& 
/ gT•kxkT 
/ gc•kxkc 
RD5/PSP5 
RD6/PS Pio 
R07/PSP7 

xr 
1 2 __o- \r}-A5 o o 

1K ~ kVxM 
1K ~ S2 ;::;r-=o-,1 F k: · Ej d F x: 

kVxM 
CO xT ' : z I -r~---<i I /k fj O 
q PUSH 

1K xc \fogo , , kd rif4 ExI F k 
k ([ 

· PUSH 
PREVIOUS 

1K \fDd iI S/kf j / 

+ + PAUSE 
1K Sfi OH/OFF 

,:·~H 1M J"'" 
L c 

KEYPAD 
LCD INFO 

u 
g 
rg 

RE?CS 
f "! QU O; %+(q t +Dj 

. 4.10: Interface ;"\X< Figure ·. • 
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I ] ; _; %+(q "­ \; +\; ­; N!; q by a voltage ' . ·· 38€ divider structure 
\;+\; ­; N!­ ( ­+; X"U"X {( •<; of voltage to q U" f , = ] ; \; ; (X] XQN!\Q• ) <!!QN 

f Q ; � ; "!­ !( ­_ !Q !] ; f f 
s this voltage is analog, !] ; ND X f · microcontroller. 

f QN{; \!; \ � !] ; kCj !f 
q; ­"\;q Q+; \(!rg rr f \(N­•( !; ­ !] ; {Q•!( [ ; !Q !] ; 

I ] ; +\Q{"q; q XQN!\Q• ) <!!QN­ ( \; to start id f (N ­!Q+ !] ; +•(% QU !• 
"NUQ, 0 Nq (•­Q !Q {"; = N; >! track and pr . •; j m, +(<­; , (Nq q"­+•(% evious track. 

4,3.4 Audio 0 � +•"U"; \ = "!] CD-ROM Dr' c· . Ive ircuit 

J1 0 VmCF 0 ' kdCpC: / 

u , 
A CON4 

ND 

3 r 
2 +INA OUTA 7 
5 -INA OUTB 

~ 
6 +INB 

9? 

IN B 

u GND 
+VCC 
-VCC/GND 

A TA2822M 

Figure 4.11: Audio 0 � +•"U"; \ = "!] j mo/ F ' m\"{; j "\X<"! 

I] ; (� +•"U"; \ "­ XQNN; X!; q !Q the CDROM drive (<q"Q XQNN; X!Q\ fC! "­ XQNN; X!; q !Q !] ; 

0 <q"Q C· XQNc to enlarge the audio signal out QU !] ; q\"{; , !(_"N[ "! !Q !] ; 0 <q"Q F VI 
D' 

XQNc = ] "X] "­ � (% be connected to ( ­+; (_; \ Q\ ] ; (q+] QN; ­f 
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cfc +\Q[ \( � � ; \ Circuits 
4.4.1 In j "\X<"! x; \"( • k\Q[ \( � � "N[ j "\X<"! 

D1 
DB S 

cs 
cR<p 

IC1 
11ax232 

7 r g 

14 11 

13 12 

8 

16 Cl 
2 C3+C1- 3 10uF 

C4-C2+ 4 

C2 
10uF 

p"[ <\; cfr &S CN j "\X<"! x; \"( • k\Q[ \( � � ; \ 

cfcf& k( \( ••; • kQ\! k\Q[ \( � � ; \ 

• kQ= ; \ j "\X<"! 

Vdd 5v 
Vpp 13.4 v U6 

+la s 9e aas 
L----+------tt---1rn OUT'l-----'t---------i r- [Ill OUT 

t 

Ul 

407 power di 

+ 3Vsl 
V) 1o 

cggR +Q<; \ q" COM'. 

j47 u 
Cl 

f kff• 
Z •_ 

DO uF 
j 6 

Dl 
' l d : m• 

. 4-13: Parallel +\Q[ \( � � ; \ nr . 
Figure • · 
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a +\Q[ \( � � ; \ j "\X<"! 

parallel port socket 
Jl 
o Vadd 5v 

CV 
0 j O n rg . •FO V•0 

D0(2) V•: 

R? 
•FO 

0 

R3 
•F/ 

m• nT. V•j 

Data (40) 

D3 (5) V•m 

__________ _j_ ---"CLK (39) 

:­ R4 
4.7K Ql 

BC55? 

RB 
•_ V& 

R6 ►I OMCLR ( 1) 

triR 
•_ ffffd j • 1N4148 

Dl rluF Ei d: m• 

o - -=- 

p"[ <\; cor cS k(\( ••; • +\Q[ \( � � ; \ n&. 

yh 
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xQU!= ( \; System Design 

hfr xF pI 3 0 / : C' kd : ' : · I 0 I CF · F kICF · x 

5.2 CDROM PROGRAMMING 

hfT xF pI 3 0 / : I F F d x 

hfTfr ' kd05 CN!; [ \( !; q m; {; •Q+� ; N! : N{"\QN� ; N! xQU!=(\; 

hfTf& Cj ok/ F v kCj k\Q[ \( � � ; \ xQU!= ( \; 

hfc GENERAL SYSTEM DIAGRAM 

5.4.1 Key V+q(!; p•Q= X] ( \! 

5.4.2 CDROM V+q(!; p•Q= X] ( \! 
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Chapter Five 

Software System D . es1gn 

This chapter includes implementin tl g he system from the +» 
g,ware System Implementation depends >PIOgramming point of view n son CD-ROM . 

ftw ! 1 
programmi PI 

(Nq ­Q are .00.s. N[ , j +\Q[\ ( � � "N[ 

5.1 Software Implementation Options 

The general software implementation may seem limited at a glance. Rather, when 
scrutinize the available ways, some diffe t . eren options appear Th . 
software approach that can be adopted in I.' here is more than one p e m order to fulfill the softw . 1 
!] ; ­%­!; � f are implementation of 

There are two programming languages that c 0 
an support the system: 

1. C programming Language 
2 PIC Assembly k\Q[\ ( � � "N[ d (N[< ( [ ; , = ]"X] "­ <­;q "N Q<\ (++•"X( !"QN ) ; X(<­; "" 

is easy to deal with CD Drive registers. 

S.2 CDROM Programming 

ATAPI (ATA Packet Interface) is an extension to ATA which essentially allows SCSI 

XQ� � (Nq­ nXQ�� (Nq­ <­;q !Q XQN!\Q• xj xC q; {"X; ­. !Q ) ; ­; N! !Q 0 I 0 devices. ATAPI 

"­ <­; q ­+; X"U"X(••% UQ\ j mo/ F ' q\"{; ­, = ]"X] , = ] ; N !] ; % U"\­ ! ­!(\! ; q (++; (\"N[ UQ\ 

XQ� +<!; \­, = ; \; ( •� Q­! <N"{; \­(••% xj xCf 5 ; X(<­; xj xC XQN!\Q••; \­ = ; \; ; >+; N­"{; , !] ; 

xj xC XQN<N(Nq ­; ! = ( ­ ; {; N!<( ••% (qQ+!; q UQ\ Cm: , (Nq !%+"X( • j mo/ F ' q\"{; ­ !Qq(% 

use ATAPI. ATAPI basically <­; ­ a+(X_; !­a n­"� "•(\ !Q !] ; +(X_; ! XQNX;+ ! QU XQ� +<!; \ 

N; != Q\_"N[ (­ "! (++•"; ­ to TCP/IP, for ; >(� +•; . !Q ­; Nq (Nq \; X; "{; q(!( (Nq XQ�� (Nq­f 

k\Q+; \•% ­+; (_ "N[ , 0 I 0k P "­ +(\! QU !] ; : Cm: n: N] (NX; q Cm: . ­!(Nq(\ qf 
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(X_; ! ­; N! !Q (N 0 I 0 kC q; {"X; = ] "X] f A contains a comman 

k
; ! I] ; ­; XQ� � (Nq +(X_; !­ (\ ; = \"!! q "­ X(••; q ( command +(X f ; N !Q !] ; q(!( \; f f 

d 
at's how AT 0k C q; {"X; ­ \; X; "{; !] ; · f [ "x

!
; \ via !] ; 0 I 0 "N!; \U(X; , 

a0 lr commands. The 
rte ­!(Nq(\q UQ\� ( !, (Nq !] ; U"\­ ! ) %!; U r · XQ� � (Nq +(X_; ! ] (­ a 12­ 

by!' oft the command packet · 
tion code. (The remaining 11 bytes supply contains the actual 

Q+ PP Y +(\( � ; !; \ "NUQ UQ\ !• 
!] (! (•!] Q<[] !] ; XQ� � (Nq +(X_; ! "­ r& ) %!; ­ ryN the command.) Note 

f f f [ , !] ; +(X_; ! "­ ­; N! !Q !] ; 0 I 0k C 
q; {"X; !•<· Q<[ ] = Qrq =N!; ­, NQ! ) %!; = \"!; ­f 0 a= Q\qa f m kj (­­; � ) •% •(N[ <([ ; "­ & 

) %!; ­, ­Q %Q<i•• (X!<(••% ­; Nq !] ; r&o) %!; XQ� � (Nq _ f f +(X ; ! rrr QN•% y =N!; Q+; \( !"QN­f 

I ] ; aQ+; \(!"QN XQq; a {(•<; %Q< +•(X; "N the ATAPI c q f Q� � (N packet is actually ( xj xC 

XQ� � (Nq XQq; f 4 Q< qQ NQ! <­; 0 I 0 XQ� � (Nq­ = "!] 0 I 0k C q • f f evices; ATAPI devices 

<­; xj xC XQ� � (Nq­f pQ\ ; >( � +•; , !] ; xj xC XQ� � (Nq to eiect CD / F ' q · • J' a '-) hrive tray is 

te "START/STOP UNIT" command, which is SCSI command 1Bh. Si: ·ilarly t f rr rrr ( \ %, o [ ; ! (N 

ATAPI CD-ROM q\"{; !Q ;$; X!, %Q<iq ­; Nq "! ( XQ� � (Nq +(X_; ! with 1Bh for (N 

Q+; \( !"QN XQq; f 

ATAPI contains ­; {; \( • XQ� � (Nq­, ) <! !] ; � Q­! U<Nq( � ; N!( • QU !] ; ­; "­ !] ; k0 j O: I 

XQ� � (Nq, = ] "X] ] ( ­ (N ATAPI opcode of AOh. The U"\­! ­!; + "N ­; Nq"N[ ( XQ� � (Nq !Q 

(N 0 I 0k C q; {"X; "­ !Q ­; Nq "! !] ; k0 j O: I XQ�� (Nq Q{; \ !] ; regular ATA command 

\; [ "­!;\ , $<­! (­ !] ; +\Q[\ (� () Q{; ­;Nq­ !] ; Cm: · I Cp4 m: 1 Cj : XQ� � (Nqf F NX; !]"­ 

k0 j Of: I XQ� � (Nq "­ ­; N!, the ATAPI interface [ Q; ­ "N!Q ( XQNq"!"QN called HPDO: 

j ] ; X_ x!(!<­ 0 x!(!; 3 ]"X] � ; (N­ !] (! the ATA controller "­ !Q = ("! UQ\ cgg 
o o ' f 

N(NQ­; XQNq­, (Nq !] ; N +Q•• !] ; ­!( !<­ \; ["­!; \ <N!"• the BSY bit "­ ™; \Qf CU the BSY bit "­ 

QN; , !] ; ] Q­! "­ ­<++Q­; q !Q _; ; + +Q••"N[ !] ; ­!(!<­ \; [ "­!; \ <N!"• the BSY bit X•; (\ ­f 

F NX; !] ; 5 x4 ) "! qQ; ­ X•; (\ (and DRQ is ­; ! !Q QN; ., the ATAPI interface X] (N[ ; ­ !Q 

] 
· Q­; q !Q ­; Nq !] ; XQ� � (Nq 

HPDI: Send Packet State. In this state, the nost is SUPP - · . t time 3 ] ; N (•• !] ; ) %!; ­ QU !] ; 
+(X_; ! !Q !] ; 0 I 0 XQN!\Q••; \i­ q(!( \; ["­!; \, QN; ) %!; ( ( 

r 
e, ! "­ !Q ; "!] ; \ !\(N­"!"QN to HPD2: 

XQ� � (Nq packet have ) ; ; N ­; N!, !] ; ] Q­ f f · qpD3: INTRQ_Wait State (if nlEN is 
Check_Status B x!(!; (if nIEN is set !Q QN; ., Q\ to H' . r • t bit of the ATA Device Contro 
­; ! !Q ™; \Q.f · Q!; that nIEN is the second-rightmos 
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f !; \ You will NQ!; !] ( ! !] "­ \; [ "­!; \ "­ writ 
Regs . 1te-only, so you should ± s: ,4.. 

! 
NC:· ) ; UQ\; you begin sending the 0 I 0k C = N!; !Q !] "­ \; [ "­!; \ 

to ­; F +(X_; !f 

;he host does transition to HPD3: INTRO_Wait Ste C (!; , ( •• "!­ ­<++Q­; q !Q qQ "­ = ("! UQ\ 
pmTRQ to be asserted. When INTRQ is asserted, the t IN 5 en the host shall transition to HPD2: 
ceck_Status_B State. 

Te HPD2: Check_Status_B State "­ = ] ; \; !] "N[ ­ [ ; ! a littl h . . . 1i le hairy. This is where you 

C
] ; X_ !] ; ­!( !<­ \; [ "­!; \, ) <! !] ; \; (\ ; ( •Q! QU condition bit: ' ­ %Q< \; ­<++Q­; q !Q X] ; X_f 

p"\­! QU (••, !] ; 0 I 0k C ­+; X ­+; X"U"; ­ !] (! a3 ] ; N ; N!; \"N[ !] "­ ­!(!; U\Q� !] Mk r ! ! ; fff ­ ( ; , 

!] ; ] Q­! ­] ( •• = ( "! QN; PIO transfer cycle !"� ; ) ; UQ\; \; (q"N[ !] ; x!( !<­ \; [ "­!; \f I ] ; = ("! 

� (% ) ; (XXQ� +•"­] ; q ) % \; (q"N[ !] ; 0 •!; \N(!; x!(!<­ \; [ "­!; \ (Nq "[NQ\"N[ !] ; \; ­<•!fa 

F NX; !] ( !i­ qQN; , ­!(\! X] ; X_"N[ !] ; ­!(!<­ \; ["­!; \f p"\­! QU (••, "U 5 Vx4 "­ ­; ! !Q r , !] ; 

] Q­! "­ NQ! !Q •; ({; !] ; Mkm& ­!( !; f I ] ; ] Q­! "­ ­<++Q­; q !Q \; � ( "N "N Mkm& <N!"• 5 Vx4 

X•; (\ ­ !Q ™; \Qf 

F NX; 5 Vx4 "­ ™; \Q, X] ; X_ m/ L f CU m/ L "­ ­; ! !Q QN; , !] ; N !] ; ] Q­! ­] ( •• !\( N­"!"QN !Q %; ! 

(NQ!] ; \ ­!( !; , X(••; q !] ; HPD4: Transfer_Data State. MQ= ; {; \, !] ; QN•% !"� ; %Q<iq N; ; q 

!Q ; N!; \ Mkmc "­ if DRQ is r q<\"N[ !] ; Mkm& x!(!; f If DRQ is ™; \Q NQ= , %Q< X(N ­_"+ 

Mkmc ( •!Q[ ; !] ; \f 

If ) Q!] 5 Vx4 and DRQ are ™; \Q, !] ; N, the command is +\Q) () •% XQS� +•; !; f I ; X] N"X(••%, 

q ] _ ) <! = ; = QNi! = Q\\% () Q<! !] Q­; 
!] ; \; ( \; ( U;= Q!] ; \ !] "N[ ­ %Q<i\; ­<++Q­; !Q c ec., 

NQ= f 7RW 

5.3 Software Tools 
t Environment Software 

5.3.1 MPLAB Integrated Developmen n r ! +\; {"Q<­•% <N­; ; N "N U 7!=( \; q; {; Q+� ; N 
The MPLAB IDE ­QU!= ( \; ) \"N[ ­ (N ; ( ­; O ­Q f w· dows® based (++•"X(!"QN 

MPLAB IDE is a /11GO 
!] ; uEr yo) "! � "X\QXQN!\Q••; \ � (\_; !f I ] ; 

!] ( ! XQN!("N­S 
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, 0 N "N!; \U(X; !Q q; ) <[ [ "N[ !QQ•­ 

.Simulator 

.programmer (sold separately) 

.Emulator (sold separately) 

.[n-circuit q; ) <[ [ ; \ n­Q•q ­; +( \( !; •%. 

, 0 U<••oU;( !<\; q ; q"!Q\ = "!] XQ•Q\ XQq; q XQN!; >! 

, 0 � <•!"+•; +\Q$; X! � (N( [ ; \ 

• X<­!Q� "™() •; q(!( = "NqQ= ­ = "!] q"\; X! X!· ; "! QU XQN!; N!­ 

• High •; {; • ­Q<\X; XQq; q; ) <[ [ "N[ 

, : >!; N­"{; QNo•"N; ] ; •+ 

The MPLAB IDE ( ••Q= ­ %Q< !QS 

• : q"! %Q<\ ­Q<\X; U"•; ­ n ; "!] ; \ (­­; � ) •% Q\ j . 

• F N; !Q<X] (­­; � ) •; nQ\ XQ� +"•; . (Nq H•Q= 1 q ! kCj f N Q( Q � "X\Q ; � <•(!Q\ (Nq ­"� <•( !Q\ 

!QQ•­ 

• m; ) <[ <­"N[ S 

- Source U"•; ­ n ( ­­; � ) •% Q\ j . 

- Absolute •"­!"N[ U"•; n� ">; q ( ­­; � ) •% (Nq j . 

- Machine XQq; 

5.3.2 IC-PROG PIC Programmer Software 
IC-Prog "­ 3 "NqQ= ­ ) ( ­; q ­QU!=(\ ; !Qf XQN!\Q• ( q; {; •Q+� ; N! +\Q[\ ( �� ; \ UQ\ kCj 

� "X\QXQN!\Q••; \­f I Q Q+; \(!; !]"­ ­QU!=(\ ; , ( ) ( ­"X _NQ= •; q[ ; () Q<! ; •; X!\QN"X­ (Nq 

3 "NqQ= ­ "­ N; X; ­­(\%, 
In Q\q; \ UQ\ !] "­ ­QU!= (\ ; !Q Q+; \( !; !] ; +\Q[\ ( � � ; \ � <­! ) ; (!!(X] ; q !Q !] ; XQ� +<!; \ 

(Nq ­; ! <+ !] ; ] ( \q= ( \; t ­QU!= (\; (++\Q+\"( !; •%f 
IC-Prog requires Windows 95, 98, ME, · I , or 2000 and an "N!; � (• or external math 

XQ+\QX; ­­Q\ !Q Q+; \( !; f Cj ok\( [ ] ( ­ ) ; ; N q; ­"[ N; q (­ ( <N"{; \­( • +\Q[\ (� � "N[ 

a ili pplication for ( •• +\Q[ \( � � ; \­f 
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· ( • x%­!; � Diagram , c v ; N; \ 
S,f · qi Q\( � q; ­X\") ; ­ the sequ 5 r · • 

c0rr Q{� r [ !(Q "; NX; � = r rX r ­%­!; � +\QX; ­­; ­ (\; ; >; X<!; q The 
!; •rr "­ "N"!"(•"™; q ) % XQNU"[ <\"N[ !] ; kCj CEg +Q\!­ ADC registers CDROM I ] ; ­%­ f f i ) i 

ite signals, zeroing the {(N() •; ­ !] (! keep triggered events (Nq ­!(!; ­ ) % XQN!\Q• read/WI! 5 '8 

(Nq "N"!"(•"™"N[ !] ; j m/ F ' !Q \; (q !] ; U"\­! !\(X_ f I ] ; j m/ F ' "­ \; ­; !, ( ) <!!QN­ 
·d 12byte block QU q(!( = ] "X] "­ ( XQ� � (Nq +(X_; ! "­ = \"!!; N (Nq !] ; j m / F ' standar 

f f (\; "N"!"(•"™; qf I ] ; (N(•Q[ "N+<! +Q\! QU !] ; � "X\QXQN!\Q••; \ "­ ­X(NN; q (Nq registers 
0 

• d = "!] ­+; X"U"; q {(•<; ­ "N Q\q; \ !Q q; !; \ � "N; = ] "X] _; % "­ +\; ­­; q (Nq ; >; X<!; compar© 

· ; ­+QNq"NQ ­<) \Q<!"N; f !] ; COIT' 

x%­!; � 
"N"!"(•"™(!"QN 

, i, 

j m/ F ' 
CN"!"(•"™(!"QN 

' Ir' 

O; % <+q(!; 

Y 
» 

CDROM 
<+q(!; 

o 

ir 

d ; N <+q(!; o o 
tern flowchart 

Figure 5-1: Sys 

Rr 



Update Flowchart , c.1 Cn; % l 

S,f _; % "­ +<­] ; q n<+q(!; q. , ( _; % ­X(N +\QX; ­­ "­ qQN; !Q ­+; X"U% !] ; N; >! ; {; N! ) % Whena. 
. a !] ; {Q•!( [ ; QN !] ; +Q\! (Nq beyond it, the ; {; N! XQ\\ ; ­+QNq"N[ !Q !] ; _; % eck:l% 

X i tored in ( {( \"( ) •; n_; •. f I Q +; \UQ\� !] ; ­+; X"U"; q ; {; N! , !] ; N; = event ­ 
{Q•!( [ ; "­ ­ f ] • r q f r & • f ) f • f !• kel _ "­ XQ� +( \; q = "! the .ast QN; o­!Q\; � Hf; o ­Q that its o {rQ<­ = r( ! r­ r ; sored in 

knX] (N[ ; Q\ NQ!. f ext ste 

O; % ­X(N 

Key ; {; N! w _; r 

Ke2= _; • 

O; % ; {; N! =kel 

q O; { <+q(!; : N 

date flowchart 
F·oure 5-2: Key up 
's 

R& 



Key Sean p•Q= X] ( \!S / ; ( q 1 Q•!( [ ; 

CU Play/Stop _; % 
{Q•!( [ ; J 

4 ; ­ 

CU Open/Close 
_; { {Q•!( [ ; J 

•U PauseON/OFF 
_; { {Q•!( [ ; J 

4 ; ­ 

4 ; ­ 

CU Next _; % 
voltage ? 

CU Previous _; % 
voltage ? 

4 ; ­ 

4 ; ­ 

If LCDdisplay 
kev voltage ? 

4 ; ­ 

x!Q\; XQNo; ­+QNq"N[ ; {; N! in ke l 

. 5.3; Key scan flowchart 
Figure -.. 
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F ' V+q( !; p•Q= X] ( \! 
4.2 cDR 1 . 

hf ! · s occurred (key ; {; N! NQ! ; Y<(• ™; \Q. , !] ; j m / F ' qQQ\ ­!(!<­ "­ X] ; X_; q fan ; {; N r r 
f ; N !Q X•Q­; "! QN (N ; {; N! , Q!] ; \= "­; X] ; X_ Q!] ; \ _; % ; {; N!­ (Nq ­!( !; ­ !Q ~~~ . 

wbe . !] ; \; Y<"\; q !( ­_ !Q ) ; qQN; n+•(%E­!Q+ , +(<­; QNEQUU, +\; {"Q<­ !\( X_, N; >! !\(X_ d !; NNrrr ; f ffff ffffff f o· o· oo ff o f 
; j m "NUQf. f Start CDROM Update ir Q\ q"­+•(% d · ·o oo· oo\oo o 

I 
• 

Open/close event? 
P 
, 

I 

I 
i 
" 

! 
I 

T 
4 ; ­ 
! ff o· · iZ ffff ffff - 

I 
C 

F +; N; q 
\ al l_ _J 

Closed -· 
! 

Play/stop state? Pay 
·T \ K• · · · ·1 
x!Q+ B Stop audio I 

[ ---! ha] odor 
·- .. 

Play/stop event? _ - .... ----- .. ooo4 ; ­ooooooooooZ 

, 
i 
I 

No 
i 
D 

. . .. Play/stop state? 
x!Q+ooo o· 

i .Y.-----} 
\oo f I 
'Play audio, 
l---······ 

P
-·au·s· ; on/off even_ !U ff K,offo ooooooo4 ; ­o --~~=-c. 

- / t ? · · ·- ----on Pause on/off sta e · . ....- \ 
6if ·--. . .. _. ... • 

I ,- .. ---"-----·\ 

" I 
_ .'J.. 

a' 

o· fd fooor 
Pause \ K 

... ·----Play 
• · • C 

• · o ff • · KP7K C 

\ Stop audio \ 
L --·--' 

f · o· ! U•Q= X] ( \! 
DROM update p"[ <\; hocS j 

Rc 



0 
\ 

I 
I 
~ 

Ec{"Q<­ ; {; N!J 

No 

··- -·--.Y eS-···-·---1> 

No 
: 

Yes Decrement track 
current number 

Increment track 
current number 

•··------Yes···········~ 
Display media info 

on dj m· 

No 
P 
> 

Report 
error 

i 
! y 
) ( End 

. 5.5: CDROM update U•Q= X] ( \! XQN!f Figure -:5 
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implementation and fffff 

Testing 

6.1 INITIAL TESTING 

yfrfr j m m\"{; I ; ­!"N[ 

6.1.2 Microcontroller Testing 
yfrfT 1 Q•!( [ ; m"{"q; \ I ; ­!"N[ 

yfrfc 0 � +•"U"X(!"QN j "\X<"! I ; ­!"N[ 

6.2 SYSTEM I : xIC· v 

6.2.1 Open j m m\"{; Q+; \( !"QN 

yf&f& k•(% 0 <q"Q Q+; \( !"QN 

6.2.3 Pause F N 0 <q"Q Q+; \( !"QN 
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Chapter Six 

Implementation and Testing 

I • f chapter demonstrates the +\QX; q<\; ­ <­; q !Q test and . . is n examine the basic system 

) \Q<!"N; ­f x%­!; � !; ­!"N[ "­ (N "� +Q\!(N! (Nq X\<X"( • ­!; + r· N r· � 1 !· st ; � ; N � [ ( ­%­!; � f C! 
­; N­; ­ !] ; ; UU; X!"{; N; ­­ QU !](! ­%­!; � $<­! ) ; UQ\; "N!\Qq<X"N[ "! !Q "!­ <­; \­f 

I ] "­ ­%­!; � ] ( ­ � Q\; !] (N QN; "­­<; !Q ) ; !; ­!; qf xQ� ; !; ­!"N[ +(\! ­ \; U•; X! ­QU!=(\ ; , 

] (\ q= ( \; f 0 •­Q, !; ­!"N[ +\QX; q<\; ­ XQNX; N!\(!; QN ( ­"N[ •; q; {"X; "Nq; +; Nq; N! U\Q� !] ; 

Q{; \ = ] Q•; ­%­!; � f 

M; \; ( \; !] ; !; ­!"N[ "­­<; ­f I ] ; % (\; NQ! Q\q; \; q "N (N% � (NN; \A \( !] ; \ !] ; % \; +\; ­; N! 

­Q� ; = (% QU ­%­!; � "N!; [\"!% (Nq Q+; \( !"QNS 

yfr CN"!"( • I ; ­!"N[ 
yfrfr j m m\"{; I ; ­!"N[ 

qf j m ) O � ; ; !"N[ ( mj r &1 +Q= ; \ ­<++•%, 
I ] ; j m m\"{; is examined to +•(% (N audio 'Y X r 

(Nq XQNN; X!"N[ !] ; (<q"Q Q<! +Q\! !Q !] ; ­+; (_; \­f 

6.1.2 PIC Microcontroller Testing . ] f 
:4 microcontroller operation, ­<; ( ­f 

xQ� ; ; >+; \"� ; N!­ are performed to {; NU% !] ; 

• Flashing LED Experiment q • Q� r ; X!; q !Q !] ; 
:% 13 &14,and a led anode 1s c 

A 4MHZ crystal "­ XQNN; X!; q ) ; != ; ; N Prrr i 
f (Nq !Q !] ; [ \Q<Nqf 

+Q\! +"N / j c !] ; •; q X(!] Qq; with 1K resistor 
' 

M; \; "­ !] ; ; >+; \"� ; N! XQq; S 

•"­! P = 16F877 

include "P16f877.inc" 
UQ\ r ypuRR 

: ·Eion file use defin) 
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USER RAM DEFINITIONS 
cBLOCK 0x20 ; RAM starts t a address 20h 

ye:) 
yal? 
::) 
yl? ENDC 

org 0x0000 start address = OOOOh 

.nITIALISE PORTS 
, f (\4 used to see individual pin level 
. bi 
C 

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

bsf STATUS, RPO 

; all port pins low 

set RAM Page 1 for TRIS registers 

; INITIALISE PORTS 
A )"N(\% used to see individual pin IO status 

; all IO pins movlw b'OOOOOOOO' 
movwf TRISA 
movlw b'00000000' 
movwf TRISB 
movlw b'00000000' 
movwf TRISC 
movlw b'00000000' 
movwf TRISD 
movlw b'OOOOOOOO' 
movwf TRISE 

movlw b'00000110' 
movwf ADCONl 

outputs 

all analog pins digital 

bcf STATUS,RPO 

; LED FLASH LOOP 

Loop bsf PORTC,4 
call Delay 

back to RAM page O 

RC4 

RCA 

high led on 

bcf PORTC,4 
call Delay 
goto Loop 

' 1/2 SEC DELAY SUBROUTINE WITH 4MHz CLOC 

= low = led off 

Delay movlw Olh 
movwf NbHi 
movlw 03h 
movwf NbLo 
movlw BAh 
movwf NaHi 
movlw SBh 
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►
novwf NaLo 

aecfSZ NaLO, F 
goto DeLoop0 
aecfsz NaHi,F 
goto DeLoopO 
aecfsz NbLo, F 
goto DeLoopO 
aecfsz NbHi,F 
goto DeLoopO 

return 

end 

, PIC Analog to Digital Converter Module Experiment' 
I ]"­ X"\X<"! "­ ) <"•! ) % XQNN;X!"N[ +"N r w x1 mj (Nq +"N & w 0- 5 1 mj (N(•Q[ "N+<! 

U\QVr +Q!; N!"Q� ; !; \ n X; N!; \ !(+ QN &g_ {(\"() •; \; ­"­!Q\. f 

0 X\%­!( • QU c' M™ "­ XQNN; X!; q ) ; != ; ; N +"N rT (Nq r c 
The output will be seen on Port C, by connecting 330 ohm resistor in series with LED to 

!] ; [\ Q<Nqf 

I ] ; !; ­!"N[ +\Q[ \( � XQq; S 

list p=16f877 
include "p16f877.inc" 

; start at the reset vector 
org Q>QQQ 
goto Start 
org O:x:004 

Interrupt 
retfie 

Start 
bsf 
bcf 
movlw 
movwf 
clrf 
bcf 
movlw 
movwf 

Main 
call 
goto 

ad_portc 

STATUS,RPO 
STATUS,RPl 
Mi 00' 
TRISC 
ADCON1 
STATUS, RP O 
B'01000001' 
ADCONO 

ad_port c 
Main 

bsf ADCONO,GO 

Wait 
btfsc ADCONO,GO 

goto wait 
movf ADRESH, W 

;bank 1 

ortc (7-01 outputs Ak f f f • ed all inputs a/d 
,left justi.a' 
;bank O [7-61 A/D chO 7xoT. , a/don [O) 
,Fosc/8 ' 

t A/D 
conversion 

·Star , 

. s5 time (20us) 
: f acquisiO ,wait 5OW_ [5 for this test) 

,(non-critic@ 

to complete 
conversion 

.wait fol'." , pORTC 
p,./D result to write 

Rb 



movwf 
return 

PORTC ;LEDs 

end 
c-LCD Display : >+; \"� ; N! 

PIC16FB o 77 

OSC21CLKOUT ro••o 
RAO 4- RA1 B$wS RA2 

«ks&'? EE / 0 hCxx 

c 

/ 5 FCC· I ~ 

-- 
RB1 \o¥fo 

oao 

RB2 ~ 

OB 

RB3 Ht= 

OB2 

RB4 

OB3 

RBS di= 

DB+ co oo 

RB& 
RB7 

4 0 

os5 LCD 01 
o RCD/T10SIIT1CKI 

DB6 LCO o 

~ 

OB7 
T3, 

o 
/ j r rI "gxg st= 

--¾= 
/ j &Ej j kr 

MCLR/Vpp RC3ISCK/SCL ~ 

0/1 Lco Rs 

a5ii6in» ,5% ~ 

/ C3 Ld Ryy 

RCG ~ 

E LCD CK 

o 
RC7 µ§...... 

RO0/PSP0 
,. LCD 00 

VO 

/ grr kxkr 
&g LCD 01 o 

/ g&Ekxk& 
'2 1 

voo 

/ gTEkxkT 

Lco & 

R041PSP.il ~ 
L 3 

vss 

/ ghEkxkh 
R06/PSPO ~ 
R07/PSP7 f&Pdo 

7res X T6 chrS 

RsoR • LCD RS 

/ : rCBF•f5f 
. [ST9 FRVw 

RE2IC S 
,Q y 

o 

The Testing code: 

TEMP ; Y< 20h 

CHAR EQU 21h 

DAT .EQU PORTD 

CNTRL EQU PORTE 

E EQU 3 

RW EQU 2 
RS EQU r 

Figure 6-l: PIC-LCD Display Circuit 

A- - - - - - - - - - 

••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
" Sendchar - sends X] (\(X!; \ XQN!("N; q "N register W tO d j m · • 

' ······························································ 

SendChar 
movwf CHAR 
call Busy Check 
movf CHAR, W 
movwf DAT 
bcf CNTRL, RW 
bsf CNTRL, RS 
nop 
bsf CNTRL,E 

nop 
bcf CNTRL, E 
return 

;Temporary storage location 
;Character storage location 

;LCD data port 
;LCD control port 

,LCD enable signal 
;LCD R/W signal 
;LCD register select 

,character tO be sent is in W 
;Wait for LCD to pe ready 

;send data tO LCD 
,set LCD in read mode 
,set LCD in data mode 

.toggle E for UP 
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************************* ·••**** ************* ' ,4acmd - Sends command contained. ************ ­; rn \ · fffff 
·* ************************* egister w t ',° kk,, F9 CD " **************** 

,rad©TO ,¢ CHAR movW 
call 
novf 
novwf 
bcf 
bcf 

BusyCheck 
CHAR, W 
DAT 
CNTRL,RW 
CNTRL,RS 

;Command to b W . e sent is in 
; 'ait for LCD to be W ready 

;Send 
;Set 
;Set 

data to LCD 
LCD in read mode 
LCD in command mode 

no 
psf CNTRL,E ;toggle E for LCD 

nop 
bcf CNTRL, E 
return 

*************************************** . 
,.. f ff 
·* This routine checks the busy flag returns whe b , i N not usy 

· - Affects: * i,, I : ' k o / ; !<\N; q with busy/address 
; * * * * * * * * •••• * * •• * **. * * * * * * * * * * * * * * * * ••• * •• 

gusyCheck 
clrf PORTD 
bsf STATUS,RP0 

movl w 0FFh 
movwf TRISD 

bcf STATUS,RP0 

bcf CNTRL,RS 

bsf CNTRL,RW 

nop 
bsf CNTRL,E 

nap 
nop 
movf DAT,w 
bcf CNTRL,E 
movwf TEMP 
btfsc TEMP,7 
goto BusyCheck 
bcf CNTRL,RW 

bsf STATUS,RPO 

movlw oooh 
movwf TRISD 
bcf STATUS,RPO 

return 

;Select Register page 1 
;Set port_D for input 

;Select Register page o 
;Set LCD for command mode 
;Setup to read busy flag 

;Set E high 

;Read busy flag, DDram address 
;Set E low 

,check busy flag, high=busy 

;Select Register page 
1 

,set port_D for output 
;Select Register page O 

************************* ,fffffffffffffffffffffffffffffffffffff . 
; This \Q<!"N; "N"!"(•"™; ­ !]€ dXm � Qq<•; • 
; Affects: • ; TEMP - / ; !<\N; q ="!] ) <­%E(qq\; ­­ • • • • • • • • • • • • • • • • • • 
;******************************************** 

LCDinit 
bcf STATUS,RPO 
clrf PORTE 
clrf PORTD 

.select Register ?9 
r 

bsf STATUS,5 
, ort D as outputs 

movlw B'00000000' 
;set P - 

movwf TRISD port_© as 
output S 

movlw B'00000000' 
,Set 

movwf TRISE 
{ct Register pag© 

0 

)XU STATUS, 5 
,Se..e 

ur 



1rf 
PORTE 

«ovl 
B'00111000' 

aovI DAT 

no cNTRL,E 
psf 
no? CNTRL, E 
5cf 

novl + 0xO 

novwf TEMP 

call 
SetupDelay 

call 
setupDelay 

call 
setupDelay 

call 
setupDelay 

call 
setupDelay 

call 
setupDelay 

movl W 
B'00111000' 

movwf DAT 

nop 
bsf CNTRL,E 

nop 
bcf CNTRL,E 

call setupDelay 

;Set LCD to 8 bit · interface 

;toggle E for LCD 

;Setup call to SetupDelay 

;Each call to del . ay •fx 

;0.771ms six mak . ' es 4.6ms 
; This wait is nee ea s, as E"EL,""" 

;Function set to 2 lines 
;of Sx7 bit chars 

;toggle E for LCD 

,Busy flag should be valid after this point 
movlw B

r
0000lll0' ;Display on, cursor on 

call sendCmd 

movl W 

call 

movlw· 
call 

movlw 
call 

5 10000000l' 
sendCmd 

B'00000110' 
sendCmd 

B'10000000' 
sendCmd 

;Clear display 

;Set entry mode inc, no shift 

;Address DDRam upper left 

;"'' * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *** ** * * * *. 
* 

; This \Q<!"N; "­ ( ­QU!=(\; q; •(%· · ' k · th » i ad' iock, the i0op takes 3us, so initialise,",YE'±n '* . h ({; etc shou resu 

i ( {(•<; QU T !Q give 9us, plus ; � , 
; a !Q!(• !"� ; QU G r Q<xo •**'****'********** 
;'""*"****** * * * **** * *** * **** * * *** * .. ** *** *** 

return 

SetupDelay 
nop 
decfsz 
goto 
return 

TEMP; F 
SetupDelay 

; Nq 
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D. {Q•!( [ ; m"{"q; \ j "\X<"! I ; ­!"N[ 

Figure 6-2: Voltage m"{"q; \ j "\X<"! 

I] ; {Q•!( [ ; [ ;N; \(!; q by +\; ­­"N[ ( ­= "!X] "­ � ; (­ <\; q (Nq UQ<Nq !Q ) ; ; Y<(• !Q !] ; 

erected voltages depending on the following equatiO 
1 ; ; w x{ , / !Q!( • w 7 KOhm, I wx" RO w g .71 mA 

1 Q<! nx•. w h o • n•O. = 4,29v 

' ; ( ­<\; q 1 Q<! w cf&b { 

1 Q<! nx&. w h o C n•O + •O. =3.58v 

' ; ( ­<\; q 1 Q<! wTfhR { 

Vout (S3) = 5 or n•O~•O~•O. w &fuR { 

' ; ( ­<\; q 1 Q<! w &fuy { 

1 Q<!nxc. w 5-11K+IK+IK+IK) =2.16 
' ; ( ­<\; q 1 Q<! w&fr c { 

out (ss) = s = 1CK+IK+IK+IK+IK)=!°° 
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<\; q v Q<!www r fcT v 
,S ,ssy= 5-1(K+IK+IK+IK+IK+IK) = gfRc v 

\; q {Q<! SSSLfRr v 
as! 

,Amplification Circuit I ; ­!"N[ 

~ ff 
g SA 
~ 

D,D , 
0 
g A 

~ ~ 
~ r 

9 

~ 'Aa 

{­ \ UH- OUT l t 
INl+ OUT 2 t 

{­ IIJZ- IU2+ 7 V {XX 
rfggN 

GND I 47K 

TDA2 0 1 2M 

,oaiUiaio 

~ G 

Figure 6-3 : Amplification Circuit 

I] ; (Nq"Q Q<! QU !] ; j m m\"{; "­ an "N+<! !Q !] ; (� +•"U"; \ X]"+, !] ; {Q"X; X(N ) ; ; N•(\ [ ; q 

(Nq XQN!\Q••; q {"( !] ; +Q!;N!"Q� ; !; \­ (Nq Q<! !Q !] ; ­+; (_ ;\ f 

6.2 System Testing 
yf&fr Open CD Drive Operation m; {Q•!( [ ; ; Y<(• to 3.57V is (++•"; q !Q +Q\! 0 +"N & QU !] ; kCj � "X\QXQN!\Q••; \, !]"­ {( •<; 

j Q\\ ; ­+QNq­ !Q Q+;NBX•Q­; Q+; \(!"QNf 

I ] ; I ; ­!"N[ j Qq; S 
0 !( j� qF+; NmQQ\ S 

� Q{•= F>•) 

movwf AtaPacket 

� Q{•= F>g& 

movwf AtaPacket+ 
call AtaWritePacket 
call AtaReadPacketEmpY 
) !U­X ­!(!<­, ™ 

\; !<\N 

84 



; q {Q<! ww•fcT { 
yeas 

n
xy.SSSS 5-1 ( • O + • O + • O + • O + • O + • O. K o o )=0.74y 

U
\; q {Q<! wwgfRr { ,es 

v fr fc 0,f � +•"U"X(!"QN Circuit Testing 

~ 
Pf . 
{ 
~ 

ff 
? 
0 

o 

5 & 
~ r 

[(] IMl- OUT 1[ [ [ { 
C· •! FVI & C } {f 

\oor\oo!ooooo~oooKD n o"f r m•&o '--"- [ INZ+ 
' Z z { fffffffff _---1 {XX v •Cm 

1.,K J•?K f,KKKK,,,f,ooo,oro ra_.t_Ol-ZM __ _.J 

1•fgfgN 
100r 

I 47K 

: 
Figure 6-3 : Amplification Circuit 

I ] ; (<q"Q Q<! QU !] ; j m m\"{; "­ (N "N+<! !Q !] ; (� +•"U"; \ X] "+, !] ; {Q"X; X(N ) ; ; N•(\ [ ; q 

(Nq XQN!\Q••; q {"( !] ; +Q!; N!"Q� ; !; \­ (Nq Q<! !Q !] ; ­+; (_; \ f 

yf& x%­!; � I ; ­!"N[ 
yf&fr F +; N j m m\"{; F+; \(!"QN 
m; {Q•!( [ ; ; Y<( • !Q 

T 
fh J1 "­ (++ C" ; q !Q +Q\! 0 +"N & QU !] ; k• C microcontroller, !] "­ {( •<; 

j Q\\ ; ­+QNq­ !Q Q+; NBX•Q­; Q+; \(!"QNf 

The Testing j Qq; S 
AtaCmdOpenDoor : 

movlw Oxlb 
� Q{=U 0!(k(X_; ! 

� Q{•= F>g& 

� Q{=U 0!(k(X_; !~c 
call AtaWritePacket 
X(•• 0!( / ; (qk(X_; !: � +!4 

) !U­X ­!(!<­, ™ 

return 
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U
­™ 0 !( : \ \Q\ / ; !\"; ­ , U 

iec taCmdopenDoor 
got O 
call AtaReset 
return 

;-aPacket; 
a%1w 0x0a 

«ovwf AtaDatalsb 
4ovlw ATA_REG_DRIVEHEAD 
X(•• 0!(3 \"!; / ; ["­!; \ 

Xr\U 0!(m(!(d­) 
� Q{•3 0 I 0 K/ : v Kp: 0 I V/ : x 
X(•• 0!( 3 \"!; / ; [ "­!; \ 

clrf AtaDataLsb 
aovlw ATA_REG_CYLINDERLOW 
X(•• 0!(3 \"!; / ; [ "­!; \ 

clrf AtaDatalsb 
� Q{•= 0 I 0 K/ : v Kj 4 dC· m: /MCv M 
call AtaWriteRegister 

� Q{•= 0 I 0 Kj F ''0· mKk0 j O: I 
� Q{=U 0!(m(!(d­) 
� Q{•= 0 I 0 K/ : v Kj F ''0·m 
X(•• 0!(3 \"!; / ; [ "­!; \ 

X(•• m;•(%•F � ­ 

0!( 3 \"!; / ; ["­!; \S 
� Q{=U 0!( / ; [ "­!; \ 
) XU ­!(!<­,\+• 
) ­U ­!(!<­, \+F 
� Q{•= kF / I 5 j F · pCv & 
� Q{=U !\"­) 
� Q{•= kF / I j j F · pCv & 
� Q{=U !\"­X 
) XU ­!(!<­, \+• 
) XU ­!(!<­, \+F 
\•U 0!( / ; ["­!; \, = 
"Q\•= 
� Q{=U 
X(•• 
� Q{U 

Ox30 
+Q\!( 
m; •(%•� ­ 
0!(m(!(d­) ,= 
+Q\!) � Q{=U 

X•\U +Q\!X 
X(•• m; •(%•� ­ 
) XU +Q\!( ,0 I 0 KCF 3 
X(•• m; •(%•� ­ 
bsf porta,ATA_IO 
X(•• m; •(%•� ­ 
\; !<\N 

0!( / ; (qk(X_; !:� +!%S 

kAtaRe1­ 

� Q{•= 
X(•• 
� Q{U 
(Nq•= 

0 I 0 REG SECTORCOUNT 
AtaReadRegister 
0 !(m(!(d­) ,3 
Ox03 
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sor!' 
%tfss 
goto 

0x03 
status, z 
taRel 

,,%aNachamble: " -a11 Delay20oms 

case? 
" movl 

call 
ovf 
andlw 
xorlw 
btfss 
goto 

ATA_REG_STATUS 
AtaReadRegister 
AtaDataLsb,w 
oxc8 
0x4 0 
status,z 
AtaRe2 

movf AtaDataLsb,w 
xorlw 0x50 
return 

0 !( / ; ( q/ ; [ "­!; \S 
movwf AtaRegister 
bcf 
) ­U 
movlw 
movwf 
movl w 
movwf 
bcf 
bcf 
\•U 
iorlw 
movwf 
X(•• 

status,rpl 
status,rp0 

PORTB_CONFIGl 
trisb 
PORTC_CONFIGl 
trisc 

status,rpl 
status,rp0 
AtaRegister,w 

Ox30 
porta 
Delaylms 

bcf 
X(•• 
movf 
movwf 
movf 
movwf 
X(•• 
bsf X(•• port a, ATA_IOR 

DelaylmS 
return 

porta,ATA IOR 
Delaylrns - 
portb,w 
AtaDataLsb 
portc,w 
AtaDataMsb 
Delaylrns 

6.2.2 Pla A1 5 y audio operation 
m; {Q•!( f f [ ; ; Y<( • !Q & fr c 1 "­ (++•"; q !Q +Q\! 0 +"N & QU !] ; kCj \\< X\QXQN!\Q C•;\ , !] r ­ {(•<; 

j Q\\ ; ­+QNq I ­ !Q k•(%Bx!Q+ Q+; \(!"QNf 

] ; I ; ­!"N[ j Qq; S 

Ataem qk•(%0 <q"QS 
movlw 
movwf 
movf 
movwf 
movf 

Ox47 
AtaPacket 
TrackLeadOutMSF M,W 
AtaPacket+6 - 
TrackLeadOutMSF_S,W 
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taPacket+7 
TrackLeadOutMSF_F,w 
taPacket+8 
taWritePacket 
AtaReadPacketEmpty 

,ovw 
ovf 
rove 
X(•• 
X(•• status,z Etfsc 
return : f 

U 
AtaErrorRetries, aec:sz id: AtaCmdPlayAu.io 

goto call AtaReset 
return 

P 
­; On Audio Operation 

{2.3 '@u 

•!(
( ; ; Y<( • !Q gfRr 1 "­ (++•"; q to port A +"N & QU !] ; kCj � "X\QXQN!\Q••; \ !] "­ {(•<; po 
FNq­ !Q k(<­; FN Q+; \(!"QNf 

XQ\\; ­+ 
I ] ; I ; ­!"N[ j Qq; S 

AtacmdPauseOff: 
movlw 0x4b 
rnovwf AtaPacket 
movl w 
rnovwf 
X(•• 
call 

L>F• 
AtaPacket+8 
AtaWritePacket 
AtaReadPacketEmpty 

btfsc status, z 
return 
decfsz AtaErrorRetries, U 
goto AtaCmdPauseOff 
call AtaReset 
return 

AtaReset: 
bcf 
call 
bsf 
call 
return 

portd,ATA_RST 
Delay200ms 

portd,ATA_RST 
Delay200ms 

uR 
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Conclusions and 

Future Works 

Rfr j F · j dVxCF · 

7.2 PROBLEMS 

7.3 FUTURE WORK 



Chapter Seven 

Conclusions and Fut W ure orks 

I ] "­ X] (+!; \ introduces some significant +Q"N!­ "N !] ; = ( f f % QU XQN!� <� [ qQ � Q\; (Nq 

Q\; "N !] ; U"; •q QU the system concepts Q\ !QQ•­f Also. it r m. . · 0,1trepresents !] ; XQNX•<­"QN­ 

+tacted during designing. 

R,r j QNX•<­"QN­ 
' (N% ; >+; \"; NX; ­ = ; \; (qq; q !Q !] ; !; ( � XQ[ N"!"{; _NQ= •; q[ ; !] \Q<[ ] ­!<q%"N[ (Nq 

q; ­"[ N"N[ !]"­ +\Q$; X!f ' (N% XQNX•<­"QN­ X(N ) ; ­!(!; q ] ; \; , ) <! QN•% ­"[N"U"X(N! (Nq 

"� +Q\!(N! QN; ­ (\; q; ­X\") ; q ] ; \; S 

•f j mom\"{; "­ +\Q[\ ( � � ; q ) % =\"!"N[ XQ�� (Nq +(X_; !­ "N!Q !] ; XQ� � (Nq \; [ "­!; \f 

&f kCj � "X\QXQN!\Q••; \ ] ( ­ ( •Q! QU U;(!<\; ­ !]( ! +\Q{"q; !] "­ +\Q$; X! (Nq "! "­ 

+\Q[\ ( � � ; q !Q XQN!\Q• !] ; j mom\"{; ) <! "! N; ; q­ ( ­+; X"( • +\Q[\ ( �� ; \ f 

T I 

f f o f q trolled using ) <!!QN­· ) <! NQ! 
· he CD-Drive is constructed ( ­ (<q"Q +•(%; \ (N XQN ° ' 

( •• (\; = ; ••oQ+; \(!; qf 

c 

• +•"U"X(!"QN X"\X<"!f 
· I ] ; ­Q<Nq Q<! QU !] ; j mo/ F ' "­ ; N•(\[ ; q <­"N[ (N ( � 

h f f f !] ; kCj XQ� � (Nq­ (Nq ­"[N(•­f 
.The LCD display unit can be controlled us1nS 

f \; Y<"\; ­ !] ; <N"{; \­( • 
6.,4,3% ceral program!le 
·ogramming the PIC using the In-circuit S© 

+\Q[ \( � � ; \ QNX; (! •; ( ­!f 

R kCj · o · ff llel port +\Q[\ (\\<N; \f 
Is programmed by constructing a 



, problems 
3% 

completion in regard to its objective ·% : st©' Yes 1s an implen +6 

q 
f f · mentation de . 

t 
d'-rina (Nq ; ­r [ N� [ cannot discov ll +; Nq; N! "­­<; 

­Q ­ N r :, ; \ ( the probler 
t
· QN;q ] ; \; (\; !] (! U(X; q <­ during studvi: : � ­, ) <! !] ; +\Q) •; � ­ U /9lg and design. Skir » · Su. lapping th 

.. access. No q; [\ (q(!"QN (UU; X!­ !] ; ­%­!; � f U ; ­; +\Q) •; � ­ "­ ( ­ r +\Q) •; � ­ (++; ( \ M f 
q 

· · ; \; (\; +\ ) • 

q t
] ; +\Q$; X! !; ( � <NN[ !] ; system studyir 

0 

; � ­ U(X; N[ f 

r 
It !(_; ­ much time for !] ; kCj � "X\QXQN!\Q•• ! ) f · ; \ O ; ({("•() •; f 

&f C� +•; � ; N!"N[ (N (++•"X(!"QN <­"N[ ( kCj � "X\QXQ !\ •• · • f f n o ; \ r­ � NQ{(!r{; � !] ; 

<N"{; \­"!%f 

Tf It = (­ !] Q<[ ] ! !] (! !] ; kCj XQ<•q ) ; +\Q[\ ( � � ; q = "!] Q<! ( +\Q[\ ( � � ; \, ­Q (N 

CNoX"\X<"! serial programmer is ) <"•! ) <! +\Q[\ ( � � ; \ "­ ­!"•• N; ; q; qf 

j QN­; Y<; N!•%, ( parallel port is <­; qf 

cf m; (•"N[ = "!] j mom\"{; XQ�� (Nq­ (Nq ­"[ N(•­, (Nq (XX; ­­"N[ "!­ \; [ "­!; \­ "­ 

­Q� ; ] Q= XQ� +•"X(!; q ­"NX; "! N; ; q­ ( X\"!"X(• !"� "N[ f 

7.3 Future Work 
The UQ••Q= "N[ "q; ( ­ (\ ; \; XQ� � ; Nq; q !Q ) ; XQN­"q; \; q and implemented as ( 

q; {; •Q+� ; N! QU !] "­ (++•"X(!"QNS 

• m · f fnfif ) !! f ­%­!; � Q+; \(!"QNf 
· ; {; •Q+"N[ !] ; display unit for e ; \ f q XQ� +•; !; !] ; ;N!"\; ­%­!; � f 

2. Operating !] ; ) <!!QN­ !] (! qQNi! = Q\_ = ; •• (N 
T q ! o1 MP3 files. 

· m; {; •Q+"N[ the system to \; (q (N XQN \ 
c \f grr !\Q• <N"!f 

· <r!; \U(X"N[ !] ; ­%­!; � = "!] ( \; � Q!; X 



I- • ·· ·- •. 

I ,-- - ' 
C • · · • f 

I, • f• ooi f ..:.I 
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Appendix A 

PIC16F877 A Microcontroller 

I ] ; kCj "­ ( � "X\QXQN!\Q••; \ !] ( ! XQN!( "N­ p"{; CF kQ\!­ n0 ,5 ,j ,m ,: ., r go) "! 0 N(•Q[ ­ 

· ( · !( • ' Qq<•; n u "N+<! X] (NN; •­. , Tyu ) %!; ­ q( !( ' ; � gr% ,&hy ) %!; ­ : : k/ F ' o-Dg! 
M CrQ\% uO p•( ­] k\Q[\ ( � ' ; � Q\% ,x; \"( • j Q� � <N"X( !"QN­ n' xxk,Vx0/ I . , m(!( ; \ i 
r r j Q� N\NN"X( !"QN nkxk. , I ] \; ; I "� ; \­, CN­!\<X!"QN x; ! nTh "N­!\<X!"QN­. , k( \( r ; 

rh CN!; N<+!­ (Nq != Q 0N( •Q[ j Q� +(\ ( !Q\f 

0 fr 5 •QX_ m"([ \( � 

,fZ Zrffo{Xf! AxSS!,,foffoAAff 
ff:i:,:.~::·: 

,{,,SNffo,JZX, 
+of,fof,r UD,· r 
paoGVifS,ioDfDf&,•,itSf ­o% • fij 1 \Z 
r.:..--.;1:$.r•~ ... J,~!"'- 

ta#EL, ffffdf\\ -M- 
pu:,:;;r.:.:.'!'I • rSS 

i!.:.. •.: 

I.ID» ZS; Zf· ,f,,,SSffX 
I....L--'--•.r--~~ r.:01:1:..:-,0 

Pcr-110.r..1,.. ip' r · S�A , 
CAAL »er 

;t;t-ntf~Uy.""? VI •ofHaa 

?;::,•,1;;:.h•~Y! 
f,-'!.):r,.;.r. 

,,,v:.i,:Hor~) 
oSoA� A,,\ 

US!fSZ• ,• \,!,j 0 CP° 
Z• P ff!SGfA.Pf 

•JZZj r!\ffS,Z 
±;Et\IE\ATS 

URwipi"p•HZoLxC· ZZZZZ ZZPZZiAAA+j 
ffC:!:i'CC!;,•1 

«2EXE= 
ES2. 
3 7! s1z-? 

r.ar-ir,-t--ii!!!II ;~~~~;-;:~ 
r-J;:n:."fol~I~.;! 

Z,AfA\ffZ 
r~•:v~=:TP::> ; 

L..L..L-..-, . -- 

M•ZE,!"iP­ 

kfUP 1:"m.-ll..~°'; 
et .898 

, • • H,xS,iFV•i• ,:ra~fl 

Pit. ,;;;::i;v.1.i,. 
So• f,AA,B· Sp"aU✓·:,A 

fSSS,\f ,1✓.?:t1r; 

•tX •.•,<;H':l:i 

· •PD,A"SZ• nrf,SSSoA 

Z•oSfaGP, \Sr%rAAA 



A,Z +"N m"([ \( � 

S"oxj B, ff SgS!f$,Af• KKfff 
~.:.;l-:!Xt:: ----- 

5EE 
}» 

.4 --s }?}Y'A(G{ 
±¢ EAS"E 
KE wage k;hi 
'3y pe» '.I 
Z fffffffff \SNSA ~-~·.,Gx\t 
:-~- ------ ,ZZ·Afo 
:.;,,;! .........., rSr ZS 
.'!-~~ ........... \NSfffSroi•· I 
x"SZ --·vi:-c. 
:i<l -V.-.!> 
5: we k{I>;gt'T 
ZoSS Z !HffUfS!fGSikxUo,,f, 
AA· Zo fffffffff An!SJ\•EpSSSAZoSA 
~J ...,_._. R!JA/P3F4 
-;_:-s ..-.. UHj 0 r"Zz S!j •" 
~~- - RC'"'rx.-.::.K 

"fr KKKKK,f "� JDZ• ZZTASffS, -._ KKKf 

A.3 ' ; � Q\% Organization 
I ] ; \; (\; !] \; ; � ; � Q\% ) •QX_­ "N ; (X] QU !] ; kCj r ypuRz0 q; {"X; ­f I ] ; +\Q[ \( � 

� ; � Q\% (Nq q(!( � ; � Q\% ] ({; ­; +( \( !; ) <­; ­ ­Q !] ( ! XQNX� I ; N! (XX; ­­ X(N· QXX<\f 

kCj r ypuRR 0 +\Q[\ ( � � ; � Q\% � (+ (Nq ­!(X_S 

PC•:12·.C•>- C 
fff Z ffff KK , Pa• Z!fZ• oPcPfD"Z J,.i 
_SroZf\S\f"fff S• PZiCf( ff • • ai• i 

13 • 

On-Chip 
Pr oar 
\,r rSi••4fSn•

r
• 

lnr-cnupt ·•✓c:-ci:or OOOAh ,.1----:;_::_:::.:.,::::.;_~----"1 F F F H•] 

Q7FFh 
1----------------1 Q; !• !] 

,:iFFFh 
1---------------1 ,QQX!" 

0 fy CN­!\<X!"QN x; ! Summary 
Th . . 1 "] Q[ QN( • (Nq "­ ; kCj r y "N­!\<X!"QN set is high 4 Q\ 

XQ� +\"­; q QU !] \; ; ) ( ­"X X( !; [ Q\"; ­S 

i5 %!; oQ\"; N!; q Q+; \( !"QN­ 

i5 "!oQ\"; N!; q Q+; \( !"QN­ 

id "!; \( • (Nq XQ"r !\Q• Q+; \( !"QN­ 



: (X] kCj r y "N­!\<X!"QN "­ a 14-bit word divided it q ] i 
r 

'fi ] N Q an opcote = rX r ­+; Xr r ; ­ ! ; 
"N­!\<X!"QN !%+; (Nq QN; Q\ � Q\; Q+; \(Nq­ = ] "X] U<\!] ; \ ­+; X"U% !] ; Q+; \( !"QN QU 
!] ; "N­!\<X!"QNf 

pQ\ ) %!; oQ\"; N!; q instructions, f° represents ( U"•; \; [ "­!; \ q; ­"[ N(!Q\ (Nq iqi \; +\; ­; N!­ 

( q; ­!"N(!"QN q; ­"[ N(!Q\f I ] ; U"•; \; [ "­!; \ q; ­"[N(!Q\ ­+; X"U"; ­ = ] "X] U"•; \; [ "­!; \ "­ !Q ) ; 
<­; q ) % !] ; "N­!\<X!"QNf 

I ] ; q; ­!"N(!"QN q; ­"[ N( !Q\ ­+; X"U"; ­ = ] ; \; !] ; \; ­<•! QU !] ; Q+; \( !"QN "­ !Q ) ; +•(X; qf If 

'd' is ™; \Q, !] ; \; ­<•! "­ +•(X; q "N !] ; 3 \; [ "­!; \f If iqi "­ QN; , !] ; \; ­<•! "­ +•(X; q 

"N !] ; U"•; \; [ "­!; \ ­+; X"U"; q "N !] ; "N­!\<X!"QNf 

pQ\ ) "!oQ\"; N!; q "N­!\<X!"QN­, i) i \; +\; ­; N!­ ( ) "! U"; •q q; ­"[N(!Q\ = ] "X] ­; •; X!­ !] ; ) "! 

(UU; X!; q ) % !] ; Q+; \( !"QN, = ] "•; iU \; +\; ­; N!­ !] ; (qq\; ­­ QU !] ; U"•; "N = ] "X] 

!] ; ) "! "­ •QX(!; qf 

pQ\ •"!; \( • (Nq XQN!\Q• Q+; \( !"QN­, i_i \; +\; ­; N!­ (N ; "[ ] ! Q\ ; •; {; No) "! XQN­!(N! Q\ •"!; \( • 

{( •<; F N; "N­!\<X!"QN X%X•; XQN­"­!­ QU UQ<\ Q­X"••( !Q\ +; \"Qq­A UQ\ (N Q­X"••( !Q\ 

U\; Y<; NX% QU c ' M™, !] "­ [ "{; ­ ( NQ\� ( • "N­!\<X!"QN ; >; X<!"QN !"� ; QU r µ ­f 0 •• 

"N­!\<X!"QN­ ( \; 

; >; X<!; q = "!] "N ( ­"N[ •; "N­!\<X!"QN X%X•; , <N•; ­­ ( XQNq"!"QN(• !; ­! "­ !\<; , Q\ !] ; 

+\Q[ \( � XQ<N!; \ "­ X] (N[ ; q (­ ( \; ­<•! QU (N "N­!\<X!"QNf 3] ; N !] "­ QXX<\­, !] ; 

; >; X<!"QN !(_; ­ != Q "N­!\<X!"QN X%X•; ­ = "!] !] ; ­; XQNq X%X•; ; >; X<!; q (­ ( · F k· 

F +XQq; p"; •q m; ­X\"+!"QN 

Fie kl Description 
Re-::iist.;:;r fil•:• address (OxOO tc, Ox7F) 
{oorking resister (accumulator' 

'b 

' 
Bit add resss within at ,3-bil file re~Jiste-r 
Literal field, constant data cr lr::tbel 

q 

Don't \,AS,\f( lc .. ::;ati,:,n gSo i. or .Li. . . _ ,. 
TT IS±rillr ill generate coche with x 7 , 
" ~ :J f ,f LIS8 f,::,r It "S­ 11·,:::: r,::o:immo:::n,:J,;:;; ,::,rm•~ . ,_ - 1-ols 

- t'b'lit·· .. 1ith all r·,licrcu:;h1p sc,ft·,•,.::,re u . 
o .... 1np<1 I a ~ ' . - ..... H t->r.s. r.esult in Vil. 
Dr::stin::rti,:,n s,:;,lo::t; ffD ,f,f • • So o f 
]= 1; store result in file register . 
Default is d 

ii•!aD 

Progr.:1 m c.:,u nter 
Time-out bit 

Ft P,:;,-.•,Br-do,vn bit 

General Format for CN­!\<X!"QN­ 



e,y~;-c,rl ,? ,,t.\'.:-d fil •i:' 

[

sjlstor poratl s s '''ens 
OPCODE I d I f ,;FILE .t) 
d • i':, for d~slin.ation \•V 
= fr_destination f 
t -- .- -bt L f1I.:.? r~gistwr C\•:Jdrl:fss 

Q 

I 

Bl\·~ i i-:.,n t~cl fl I\'.:· •·~ (1 lst-~,· ~~ P -:.1· .:--11 c,n s - ,o (;I ..,. -

f s=cos Tisi sf 0 
f (FILE;;.:, 

b = 3-bll bol.:addr..-~~ 
f - 7-bl l ril~ r~•;tist;.( :-i•:Jdress 

Lit.cr.:'11 ~nd cont,...::-1 c,p~•·ati,:-,ns 

Ganer al 
13 

I 
,9 7 

I
k = ~--t:•il I n--.m,?di.ate valu~ 

OPCODE It (lil.;;rol)

c .. ':\1. • .:, <.11"'ld a.,:.,·;:,."!- instructions only 
1.::< 11 ,c,
I OPCODE I le_(literal' 

k = 1·1-bil i1-nm~•:!io1.;a- volu,;, . 

Instruction Set

0r:t,c1ir,tlc,1\ Cycl,:?s, I 
ElYTE-ORIENTEC• I MSb ILE FE GISTEF: CIPEFATE>NS 

14-B.lt Op,:;,:,clo
r.1nc-n,,:,1,i..:-.
£p1and & 

ADOVv'F' I. d
AMC'•V•/F , ••:J
CLRF f 
CLR'VV
COMF f.Cl 
DECF f.cJ 
OECFSZ l.·:l 
INCF t.ci 
INGFSZ f.d 
I OR WF f. d
M0VF ,. cl 
r,,,a•-/'i•VF f 
NOP 
RLF f. cl 
RRF r. d
SUB\•VF f. Cl 
SWAPF ,.,:l 
Xo RF f..j

e,:;F f. b 
BSF 1. b
e.TFSC f. b
e.TFSS f. b 

A.DDLVi I< 
ANL'V "CALL. I: 
CLR,,•'IOT
GOIO I< 
IORLW I< 
rvio .... ·Lvv k
RETFIE 
RETLV•/ k
RETURN 
$LEEP 
S.USLV•i "XORl),r>/ I: 

A.dd W rd f 
AND V'•/ ,., • .,;u-. -f 
Cl.;,.nrf 
CI&at ' 
3omplaemerit f 
Decrement f 
O:.,crwrnc"nt t. Sk.ii:, i'f ,:,
Ingram art f 
lncrwmwnc·r. Skip If,;. 
ln.:rusJv.r.- OR \·'I ,.-.•Ith r 
, ... ,o..,iii r 
fv1o-..·w vu· 1o 1'
Mo Op.;.rotl.:,n 
Rol:llW: L.;.tt f1.hrouoh Cnrrv 
Rol:a"JI?- Right r l.hrouQh t~.n(ry
Suttract ' from f 
;S.·:..·:ap nibblr;.s. In l 
ExcluSiV:-0 ORV'/ ·.·.11h r 

e.itCIQziir·f 
it Sat f 
Bio Twst 'f, S ltlp If Cl.;.,o r 
Bil T".st f. Sldp if $el

Add Li1.;.r:-d ~nd Vi/ 
AND U1.-r:.C.l•..vllh VV 
Coll Subroul.in-' 
Clw:tir \•°'/.:l1.ChdOQ Tim•r 
Go to Addraz» 
lnclu~i·..,.;. OR Llt.;.rol •••Ith VV 
J-.,1,:i,..,._;, Lit.;.r;tl LO Vv" 
R.wturn tron, lnt;.rru pl
R.;.LLffll -:.·:llh Lit'° rol In VV 
&turn trom Subroutine 
Go tn10 5'.:,ntlbY ni.,:,d~ 
SuC'lr.!iCl v,; rron, LIIW!"al 
Exclu~W• OR Ll1,;.n,1 ·.·.ith ',/'!/ 

1
1
1
1
1
1

1(2) 
1

1(2j
1,
1
1

o 
()(j 

00 
o,,
00 
(J(J 

OC> 
00 
on 

tr1 O 4 
OOOJ
Ct,01
:L•:i❖:t
(.• ,·1 ·~ ·:
1 {I :! l
'±12 8 
l 3J.'.l
(11 !:!: 
1478 
tag g2 ¢, 
0000 

1 ('l(l ;.. :t,J:1.
1 CIO ;.;1, ,:p:,
1 '00 ·;!•j:l•:!
1 oo ~ ~ :;.o 
1 C:IJ (ll :.!O

EE 
£Er 
.t .

LITERAL ANO C(,NTROL OPERATIONS 
1
1
2 
1
2 
1
1
2 
2 
2 
1
1
1

,o 
00 
1(J 

11

(•0

00 
ca 

l .l 1.~
1 C1CI l 
c-,:,:ldt:
as{o 
!i'.J".k.
.] ooo
·3628.8 
-:i•J•:-•::i
(1--::,.x:

C!'. :.: l-: 
Cf . .!:!.' 

. t ft!'!: 
8.8 
a£EE! 
d !' !.' !,.
d:' t.t. 
ci± ±± 
d!:t:! 
d±±!! 
dt. (.f: 
:! t t.: e· 
v.x.:c•·.!
Et 
d !: e f
EE 
d!: :.':r.
d:.'.t.:: 

j,,;},.i<.}'. 
i ' ''? 
:,.id'.:1-
0 ,;. .1.0

' ' h 
jk 6' 
lt'.ld•.i•.
◊OOtl
'A lclA 
i;J(l (JG

~:--:.o
k\,,,kY.
~.J.\.;1.:-.

{: 
t .' .. ~ 
r±Fi r 
ii't 
rrrt 

±::t 
·:.: :~ !': f. ere 
i . .!.1.' !! 
.!!:!.''!'

BIT-t:.1RIENTE.D FILE. RE.<Z:;ISTE.R OPE.R.A.Tl•:1NS 
1 0a 0otl» 
1 1 bl» 

1(2') a; sohho 
1 (2) u·o. 1 ;b!.:• 

f. t,: t:!' 
:-:•!"!' 
:.·:.'•'·•·
1'.1'.1'.t

rt 
}::1':: "'r:: ~= 
}:,:r.•:
v1.,;-;c 
.t...fa;.kf~
.l:.f' • .1:Y. 
i 'k'it or 
1<921 
z.ck l 
_Q•.,...: 
,';1-:)J.1.
-,=-;:-·,:;:

c.o;-:.z
z z 
z 
z 
z
z
z 

C 
C c.oc.z
z

c.c,cz z
ro.~

z

roS.D c.c,c.z 
z

1.2
1.2
2 

1.2
1.2

1.2.3
1,2

1,2.J
1.2
1,2

1.2
1.2
1.2
1.2
1.2

1.2
1.2

3 

Note 1: When an I/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 ' l ' for a pin configured as input and is driven low by an extemal

device, the data will be written back with a 'O'.
2: If this instruction is· executed on the TMRO register (and where applicable, d ~ 1), the

prescaler will be cleared if assigned to the TirnerO module.
3: If Program Counter (PC) is modified, or a conditional test is true, the instruction

requires two cycles. The second cycle is executed as a NOP.
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Appendix B 

LCD Display 

g.1 introduction 
One of the first things people want t . f . . om er ace to a design is an LCD d.

»% with debugging their programs and a' ·display, both to o n as a way to provide results to tl . . 

,,st text displaying LCD's are based on the Hitachi ·the outside world. . on e [itachi HD44780A LCD controller

This controller takes care of all the multipl · . ultiplexing and the peculiarities required by the

LCD display and provides a low level comm d . t f 
. an mer ace 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 1 d · · 
are slow devices when compared to microcontrollers. Special attention mus! ° 

paid so the commands and data are not send too quickly from the mcu, and the designer

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

fast mcu 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. The CG-RAM allows the user to define up to 8 special character 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

mcu. The most important of the function blocks is the DD-RAM· This has to do with the way

at is implemented and sometimes is different from LCD to LCD depending OU.° 
any ines by how many rows the LCD can display the DD-RAM address C8° 
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3 commands and initialization sequence 
B. 

BD44780A provides the user with some commands that control the behavior of the
The 
~-.---·-··r-·-.. -...- . .. .. ,;.....· --
• • t Cc~de.. . .. . . . . . . _ .. .. . . . :\ D . t.------ :\Executio1 
struci" is [jjW[DB7[DB6 ,±=r;\ serptuon pg \ DBS \ DB4 J D_B..3 .\pB2 ·\ DBl \ DBO :\ . \ ime 231777.7.54%.g±% 

! 1 i .l :\ \ :i ; :\ \. \homepos1t1on ..,\' '..-7...#:.% \Cursorhome \ .\ t ,
1 

:\ • I , \ \ 1DDRAM contents : 
1 1 \ i · \ I \ 1 , i \remains unchanged. \

-- i'+fl #rs". \Entry mode \ o \ o \ o { 0 :\ 0 \ 0 \ "I' \ I/D \ S \s~ecifies to shift the ·\
set ! ! ] ] [] ]] ] display(S). ' 
. . \ -· ~----··~--- \---·-··- ~~-: .... : ~---'·-·-\·-··-·- -- r·-· ·--~ r··--'·---. j---'-·-r~ ·-•·--1 Sets oJori.of all . \
i:..-------·--r--· i \ \ :\ \ :\ .• \. :\ \ .\display (D), cursor ;\

\ :\ \ ,\ '\ \ •\ : D •\ C \ B •\On/Off (C) aud '\ 40uS
y ,/o I o {o { o {o } 0 ] ' ] ] { iofqr 
.\On!OffcontrolJ \ .\ '., \ \ . ii ·\ .pos1t1oncharacter .\·.\ :\ I '.\ J ·1 ;\ :1 \ ..\. · - ,(B): - ~..:....:.:- .. 
. \ :\ \ L. L ..... \ ... :... ,_. -·. !:...:;:......:.....:1- ·;..::..;r---r--1sets cursor-move or :1
!----} rf ] ] [ aisplay-shift(s/C), { 
: ' \ \ i • ! \ ! I \ • • • :,I \ \ \ '! l l ! ·\ i I * \shift direction I 40uS
! \ \ i \ i \ 1 ! SIC ,\ R/L '\ * I . \(RJL). DDRAM I 
\Cursor/display ; 0 i o \ 0 i O \ O \ I ·1 ·\ i '\contents remains l ., hifi \ ' I ' I I I ·I I ' I ;s t : \ , \ l \ \ ' ;1

1 
I \unchanged. . . \ _

·1 I I I I q I I ! . . -=-·--------:·-- 
; ;, \ \ 1

1
\ . i. ·-----•. __:•\...::.----·-\·.:---·--- r1-·-····-·1Set;-interface data \

I ' ' . ----·--·· I ' I ' 'I ..~.'.·'--·--··>···-=-.:.-···-;·--·-·..:--r:---··---·r-·-· \ '\ i \ \length(DL), 1 40uS
·\ \ I \\ ;1 ·\ i\ \ \ * \ * .\numberofdisplay \
\ \ \ 1 

0 l 1 1 DL l N ·l F \ 1 ,\line (N) and · \
1 t 1 O \ :i \ , 1 

1 I (F) \ \Function set \ 0 0 1 · 1 1 i \ 1 , \ icharacter font · i -·--
! l } I ! l l l--wt ; ' [ . ; \ \ ....J_ ...- -··_:,: ...--· .------·-··-·--· - \Sets the CG \ 40uS
'. -····-·-i-···-·:-···. ··-·;·-··-·-·-~:.\i-· ·

1
··- -:-···-· CGRAM address \addr~st_.::-=.:.:....:-..-~;-·· __. _

;Set CGRAM ! O ; Q i O .\ .. --· ·· .::::...:--~-----=-·-.:..rs-ts the DDRAM \ 40uS: dd · ; \ 11 . 1 . i ...::::.:::.~.:.:=---.:...-- I e 1 

1a . r ess -· ;--·-- . ~..... :.:.._,,_r· .- ···-·· . \""------ -·----DDRAM address \~~~~::.::...--~--:t----- 
\Set DDRAM .i

1 
O ;\ o ' 1 .\ __,_.___..--·-...:.-•0--------·:\Reads Busy-flag .\

\address ;\ ' ......--•-···: \.....,-·-·---'=·---'--·---·-·"-·----·-- l(BF) indicatin~ . :\
· ---·------r-----·-r-·-···-·· ··.\ \ \;ntemal operation 1s I 0uS
, \ j LU , 

i 1

1 
\ \ \ \being performed \

\Read busy- ·\ I • DDRAM address I d ddress 1
} [ ! and rea s a 1. 

\flag and 1 1 BF t: d.i- t O \
1

. · \ · \counter c?nten :_,_. _. · l,.::.::.·--- 
address j ;\ ·"---- .__.;.....:..~---- I 
.1
1
counter ! 1 :

1
,; •-.:.::..:...:--·- \,,Writes data to .\l 40us·i · 1 \ ..•... ~---- 

l. .\r __ ..:-~! ·---,·-...:..:..-.:... \CGRAM or i
write data ·\oDRAM· 'I 

\Write to \ \ i -----r----
iCGRAM . 1 \ 0 ------·-----·~.R~ads data from \ 40t1Si or ·i i i _.:.:... .--

\DDRAM .\ :\ .....--:......-\. . __....-----·---..------·--------- \cGRAM or \
r---·---····-~r· l I read data iDDRAM- ~-:..:. .:......

.{{­ 
11? DRAM --~:~L.__..-l .. -·--·-··L: .. --·-··-'-- 
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B.4 LCD Commands 

me LCD accepts the following comr 1d man.s 

B.5 LCD Software 

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

the code in case we do not need a dedicated controller for the LCD, but we want to be

able to correctly initialize and use one.

These functions are:
LCD_Init - Initialize the LCD and set cursor at the beginning of first line

LCD_ Command - Send a byte command to the LCD

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

LCD_GotoXY - Move cursor to a specific position

LCD EPulse - Toggle the E line High and then Low 
- 'DC 

Delay40us - Delay 40 us 
Delay1 00us - Delay 100 us 
Delay4ms - Delay 4ms 
A number ofmacros is also implemented

X 



LCD_CLS - Clear LCD move cursor at b · ·- egmmng of first line

LCD_Home -Move cursor to left edge of the display

LCD_ON - Turn display on

LCD_OFF - Tun1 display off

LCD_Cursor On - Cursor will be displayed

LCD_CursorOFF - No cursor will be displayed

LCD_BlinkON - The character at the cursor position will blink

LCD_BlinkOFF - The character at the cursor position will not blink

LCD_ShiftCursorL - Shift cursor one position to the left

LCD_ShiftCursorR- Shift cursor one position to the right

LCD_ShiftDisplayL-- Shift BOTH LINES 1 char to the Left

LCD_.ShiftDisplayR- Shift:BOTHLINES 1 char to the Right

Fist we make sure that the stack of the 2313 is initialized properly before we St@TI 

cc.aJIDiin;g any functions. 
PotB and PortD as set according to their usage and tben we initialize the LCD, 

displaying a "splash screen" which is stored in the EEPRO.. 
Th"'1 _, mmroi tfueJEIE!!'JJRm!l lIDl f/jl'lt tlll,e 'll""" lllll<it t1ll,e 1\)Jil,lD" ii,;~llID nuse :ari~

wwith iits iinitizlizztin. 
Affmm 1fil!lllt W11?, <d\iD "'~ ~ 111h-..it ...,;ii$ Jli>r ... ~ character, parses fhe 
ciharacterr t» see iiff iit iss a crmtroll crdle add fimallly displays iiit ""1 lilxe u:;J[ll .. 
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System Circuit: 1. 
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3, Software Code: 

taCounter 
taCommand 
ta Packet 
taData Lsb 
Ata Data Msb 

KeyEvent
KeyState 

;updated by ReadToc fllnction
TrackFirstNr
Track LastNr 
Track S tart MS F_M 
Track StartMSF_S 
Track Star MSF_F 
Track L.eadOutMSF_M 

. TrackLeadOutMSF_S
TrackLeadOutMSF_F

equ 0x20
equ 0x21

equ 0x22
equ 0x30
equ 0x3I

equ 0x34
equ 0x35

equ
equ

equ 0x38
equ 0x39
eq u 0x3a

equ 
equ 0x3c
equ 0x3d

0x36
0x37

0x3b

;updated by ReadSubChannel function
TrackCurrentNr equ 0x44 ;initialise to 1 (default 1st track)

TrackCurrentMSF_M equ 0x45

TrackCun·entMSF_S equ 0x46

TrackCurrentMSF_F equ 0x47

Track Status 
equ 0x48

Track Temp Nr 
equ 0x49

TrackStartNr
equ 0x4a ;initialise to 1

AtaTemp
equ 0x4b

AtaReadBytesLsb equ 0x4c

AtaReadBytesMsb equ 0x4d

AdcMsb
equ Ox 4e 

AdcLsb
equ 0x4f

KeyEventTemp I
equ 0x50

KeyEventTemp2
equ 0x51

timera
equ 0x52

timerb
equ 0x53

timerc
equ 0x54

AtaRegister
equ 0x55 

Ata Error Retries 
equ 0x56

.4 il it if if if it if if if if if if fl ij of 4 3l. 

;PORT CONFIGURATIONS
.kif of it if if if if sf st aft sf ape lip of ol lb 

;analog key input, fDE control signals
PORTA CONFIGI equ
ATA_OW 
ATA OR equ 
ATA_A2 equ 
ATA_Al equ
ATA A0 equ 
KEYS 

0x01
equ
4 
3
2
I
equ

;used as a bidirectional data bus for IDE_DOOID_l
5

PORTB CONFIG! equ Oxff 
pPoTdcoNFIGI equ 0xft 

PORTB CONFIG2 
PORT©]CONFIG2 

;bit5: out,out,out,out,out,in :bitO
5 

0 

eq! 
equ 

ox0O 
ox00 

-551t7: in,in,in,in,in,in,in,in :bit@ ' . ' ' . . 0 ;bit?: in,in,in,in,in,in,in,111 :bit

-5117: out,out,out,out.out,out,out,out :bitW 
.5117; out,out,out,out,out,out,out,out :bit0 

;led data bus DO/D4, IDE reset, status leds 
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pQRTD_CONFIGl equ

ATA_RST equ

LED_3 
equ

LED_2 
equ

LED_STATUS equ

;led control signals
PORTE_CONFIGI equ
LCD_CLK 
LCD_RW equ
LCD_RS equ 

;keypad events 
KEY_EYENT_PLAY_STOP equ O
KEY_EVENT_NEXT equ I
KEY_EVENT_PREVIOUS equ 2
KEY_EYENT_OPEN_CLOSE equ 3
KEY_EYENT_PAUSE_ONOFF equ 4
KEY_EVENT_LCD_INFO equ 5 

;key states (bit in variable KeyState)
KEY STATE PLAY STOP
KEY" sTATE_PAUSE_ONOFF 
KEY_STATE_OPEN_@LOSE 

;keypad inputs voltages
;DigYalue=(Yin"' I 023)/5
;KEYPAD_NO_KEY
;KEYPAD_PAUSE_ONOFF
;KEYPAD PREVIOUS
1,43v-1,78V 

;KEYPAD PLAY STOP
2,14v-2,45v 
;KEYPAD NEXT

32,50V-2,86V-3,20V 
;KEYPAD OPEN CLOSE
3,92V - -

0x00 :bit7: it. 
7

• · ou ,m,out,out,out,out,out,out :bit0

6 
5
4 

0xO0 ;bit2: out,out,out :bit0
equ 2
1 
0 

equ
equ
equ

0 
1
2

equ
equ

equ

73
74
equ 

equ

equ

657

equ

;msb=0,lsb=73 (0x49) ;<0,35V
;msb=0,lsb=74(0x4a) ;0,36Y-0,71 V-1.06Y
219 ;msb=O,lsb=219(0xdb) ;l,07Y-

equ 365 · ;msb=l,lsb=109(0x6d)
366 ;msb=l ,lsb=l 100x6e) ;1,79V­ 

512 ;msb=2,lsb=0 

;msb=2,1sb=145(0x91) ;3,21 V-3,57V-

equ 803 ;msb=3,lsb=35(0x23) 
804 ;msb=3,lsb=36(0x24) ;3,93V-4,29Y-

KEYPAD_LCD_INFO 
4,64V
KEYPAD_MORE_THAN_ONE_KEY 
;ATA registers
ATA_REG_DATA 
ATA REG ERROR
ATA REG FEATURES 
ATA REG]SECTORCOUNT equ 
ATA REG]SECTORNUMBER qU 
ATA REG[CYLINDERLOW equ 
ATA REG CYLINDERHIGH eqU 
ATA REG DRIVEHEAD 
ATA REG]STATUS equ 
ATA]REG_COMMAND 

;ATA commands
ATA COMMAND IDENTIFY DRIVE
ATA]COMMAND]PACKET 

equ 
equ
equ
Ox02
0x03
0x04
0x0S
equ
0x07
equ

equ 951 ;msb=3,lsb= 183(0xb7) ;>4,65Y

0x00
0x01
0x01

0x06

0x07

equ 
equ 

0xal
0xa0

;Main Function

list · p=l 6f877,r=hex

include "pie161877.inc" 
include "main.inc" 
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global 
lobal =,
global
global 

extern
extem

#ifdef LCD
extern 

#endif

Delaylms
Delayl0ms
De\ay200ms
Delay5s

AtaUpdate
Atalnit

LedUpdate

config code
- dw jFosC_HS[WDTE_OFF[PWRTE_ONCP_OFF\BODEN_OFF[LVP_OFF[CPD_OFF]WRT_ONICD_OFF[CP2_OFF 

_vector code
goto Start

_roml code
Start:

call
call

Mainloop:
call
call

#ifdef LCD
call

#end if

Syslnit
Atalnit

KeyUpdate
AtaUpdate

LcdUpdate 

goto Main loop

Syslnit:

bcf
status,rp l

bsf
status,rp0

movlw pQRTA_coNFIGl

movwf trisa
movtw PORTB_coNFIGl
novwf trisb
movlw PORTC_CONFIGI 
movwf trisc
movlw PORTD_CONFIGI 
movwf trisd
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movlw PORTE_CONF\Gl

~ 

movwf trise

movlw B'\0001110'
movwf adconl 

bcf status,rp 1 
bet' status,rp0

movlw B' 10000001'
movwf adcon0

bsf porta,ATA IOW
bsf porta,ATA_OR 

bsf portd,ATA_RST

bcf portd,LED_STATUS

c\rf KeyEvent
chi' KeyState

mov\w 0x01
movwf Track Curren tNr 
movwf TrackStartNr

return

KeyUpdate:
clrf KeyEvent
call KeyScan
movf KeyEventTemp 1,w
xorlw 0x00
btfsc status,z
goto Kuend
movf KeyEventTemp 1 ,w
movwf KeyEvent Temp2? 

ca\1 Delayl0ms
call KeyScan
movf KeyEventTemp 1,w

xorwf KeyEvent Temp2,% 

btfss status,z
goto Kuend 
mov f 

KeyEventTemp2,w

movwf KeyEvent 

Kuend:
return 

KeyScan:

Kuw: 
bsf
btfsc
goto

movf 
movwf 
bcf 

adcon0,godone
adcon0 ,godone
Kuw 

adresh,W
AdcMsb status,rp 
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bsf 
status,rp0

movf adres\,w

~ 

bcf 
status,rpl 

bcf 
status,rp0

movwf Adclsb

c\rf KeyEventTemp \
movf AdcMsb,w
sublw 0x03
btfss status,c
goto Kend 
movf AdcMsb,w
sublw 0x03
btfss status,z.
goto Ku\
movf AdcLsb,w
sub\w D'\83'
btfss status,c
goto Kend
movf Adclsb,w
sublw 0'36'
btfsc status,c
goto Ku0
bsf

KeyEventTemp 1 
,KEY_EYENT_LCO_lNFCi

goto Kend

KuO: bsf
KeyEventTemp l

,KEY_EYENT_OPEN_CLOSE

goto Kend

Ku\: movf AdcMsb,w
sublw 0x02
btfss status,z
goto Ku3
movf AdcLsb,w
sublw D'\45'
btfsc status,c
goto Ku2 
bsf

KeyEventTemp l
KEY_EVENT_OPEN_CLOSE 

goto Kend

Ku2: bsf
KeyEvent Temp l 

,KEY_EVENT_NEXT

goto Kend

Ku3: movf AdeMsb, w 

sublw 0xOl
btfss status,z
goto Ku5
movf AdcLsb,w 
sublw D'I 10'
btfsc status,c
goto Ku+ 
bsf

eyEvent Temp l 
KEY_EVENT_PLAY_STOP 

goto Kend

Ku4: bsf
KeyEventTemp I

KEY_EVENT_PREVIOUS 

goto . Kend

Ku5: movf AdcLsb,w
sublw 0'219'
btfsc status,c
goto Ku6 
bsf

eyEvent Templ 
KEY_EVENT_PREVIOUS 

goto Kend

Ku6: movf AdcLsb, 
sublw 0'74'
btfsc status,C 

goto Kend 

bsf 
KeyEvent Temp! 

,EY_EVENT_PAUSE_ONO'F 

Kend:
return

Oelay\ms: movlw OxO7 
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mo vwf timerb 

Lu moylw Oxed 
movwf timera 

Lu2 decfsz timera,f 
goto Ll2
decfsz timerb,f
goto LI I
return 

Delay I Oms:
movlw Ox4I
movwf timerb

L2: movlw Oxff
movwf timera

22: decfsz timera,f
goto L22
decfsz timerbJ
goto L2I
return 

Delay200ms:
movlw Ox06
movwf ti mere

L31:movlw Oxd9 
rnovwf timerb

L32: rnovlw Oxff
movwf timera

L33: decfsz timera,f
goto L33
decfsz timerb,f
goto L32
decfsz timerc,f
goto L3I
return

DelaySs:
movlw Ox7f
movwf timerc

L41:movlw Oxff
rnovwf timerb

L42: movlw oxff 
movwf timera 

L43: decfsz timera,f
goto L43
decfsz timerb,f 
goto L42
decfsz timerc,f
goto L41
return

LedTest: bsf portd,LED_STATUS
call Delay200ms 
call Delay200ms bcf portd,LED_STATUS
call Delay200ms 
call Delay200ms 

return

END 
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,- Ago ilia& i if a at at a} alto 

[TA Function 
,Aggi8 it 38 it a i8 a i8 is' akl i} al ¥ a' al 

list p=16f877,r=hex 

include "pie 16f877 .inc"
inc1ude "main.inc"
inc1ude "ata.inc"

globa1
global

extem
extern
extem
extem

AtaUpdate
Atalnit

De1ay1ms
Delay10ms
Delay200ms
De1ay5s

_roml code 

A taUpdate:
movf KeyEvent,w
xorlw 0xOO 
btfsc status,z
return
bsf
movlw

portd,LED_STATUS

movwf AtaErrorRetries 
0'10'

btfsc
KeyState,KEY_STATE_OPEN_CLOSE 

goto lu2
btfss

KeyEvent,KEY_EVENT_PLAY_STOP

goto \u2
btfsc

KeyState,KEY_STATE_PLAY _STOP

goto Kst
Kpl: call AtaCmd ReadToe

movf TrackStartMSF_M,w
movwf AtaPacket+3
mov f TrackStartMSF_s,w 
movwf AtaPacket+4
movf TrackStartMSF_FW 
movwf AtaPacket+S
call A taCmdPlay Audio 

bsf
KeyState,KEY_STATE_PLAY_STOP

bcf
ystate,KEY_STATE_PAUSE_ONOFF 

goto luEnd

Kst: call
AtaCmdStop Audio 

bcf
eysate,KEY_STATE_PLAY_STOP 

goto uEnd 

lu2: btfsc
goto
btfsc
goto
btfss
goto

eystate,KEY_STATE_OPEN_CLOSE 

lu3eysate.KEY_STATE_PAUSE _ONO FF 
!u3 ·
KeyEvent,KEY_EVENT_NEXT 
lu3
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incf TrackStartNr.f

~ 

btf'ss KeyState,KEY STATE PLAy
goto. 

luEnd - - _STOP

call AtaCmdReadSubChannel
incf TrackCun·entNr w
movwf TrackStartNr '
call AtaCmdReadToc
movf TrackStartMSF_M,w
movwf AtaPacket+3
movf TrackStartMSF S w
movwf AtaPacket+4 
movf TrackStartMSF F w
movwf AtaPacket+5 - •
call AtaCmdPlayAudio
goto luEnd

\u3: btfsc KeyState,KEY_STATE_OPEN CLOSE
goto lu4 
btfsc KeyState,KEY_STATE_PAUSE ONOFF
goto lu4 7 

btfss KeyEvent,KEY_EVENT PREVIOUS
goto lu4 -
decf TrackStartNr,f
btfss KeyState,KEY_STATE_PLAy STOP

goto luEnd -
call AtaCmdReadSubChannel
decf TrackCurrentNr, w 
movwf TrackStartNr
call AtaCmdReadToc
movf TrackStartMSF_M,w
movwf AtaPacket+3
movf TrackStartMSF_S,w
movwf AtaPacket+4
movf TrackStartMSF_F,w
movwf AtaPacket+S
call AtaCmdPlayAudio
goto luEnd

lu4: btfss
eyEvent,KEY_EVENT_OPEN_CLOSE 

goto lu5
btfsc

Keystate,KEY_STATE_OPEN_CLOSE 

goto Kcl
Kop: btfsc

eyState,KEY_EVENT_PLAY_STOP 

call AtaCmdStopAudio 
call AtaCmdOpen Door 

bsf
KeyState,KEY_STATE_OPEN_CLOSE 

goto luEnd

Kcl: call AtaCmdClose Door 

call AtaCmdS top Audio 

bcf
KeyState,KEY_STATE_PLAY_STOP

bcf 
eystate,EY_STATE_PAUSE_ONOFF 

bcf
eystate,KEY_STATE_OPEN_CLOSE 

rovlw OxOI
movwf TrackStartNr
goto JuEnd

luS: btfsc
goto
btfss
goto
btfss
goto
btfsc

eystate,KEY_STATE_OPEN_CLOS 
luEndkeyEvent,KEY_EVENT_PAUSE_ONOFF 
luEndeysate,KEY_STATE_PLAY_STOP 
luEndkey state.KEY_STATE_PAUSE_ONOFF 
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goto 
Kpo: call

bsf 
goto 

Kpf: call
bcf 
goto

\uEnd:
bcf
return

Kpf
AtaCmdPauseOn

KeyState,KEY_STATE_PAUSE_ONOFF
luEnd 
AtaCmdPauseOff

KeyState,KEY_STATE_PAUSE_ONOFF
\uEnd ·

portd,LED_STATUS

Atalnit:
bsf
call
call
cal\

mov\w
movwf 
movlw 
movwf 

Ail: clrf 
incf
decfsz
goto
call

#ifdef LCD
cal\

portd,LED_STATUS
Ata Reset 
Delay5s
Delay5s

#endif
bcf
return

0'12' 
AtaCounter
AtaPacket
fsr
indf
fsr,f
AtaCounter,f
Ail
AtaCmdStopAudio 

AtaCmd\nquiry

portd,LED_STATUS

AtaReset:
bcf

• ca\\
bsf
call
return

portd,ATA_RST 
De\ay200ms .

portd,ATA_RST 
Delay200ms 

AtaCmdStopAudio:
movlw 
movwf 
cal\
call
xorlw 
btfss
return
decfsz
goto
call
return

0x4e 
A taPacket
AlaWritePacket
AtaRead Packet Empty 
0x01 
status,Z 

AtaErrorRetries,f
AtaCmdStop Audio 
Ata Reset 

AtaCmdPauseOn:
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movlw 
movwf 
call 
call
btfse 
return
decfsz
goto
call
return

Ox4b 
AtaPacket
AtaWritePacket
AtaReadPacketEmpty
status.z

AtaErrorRet,·ies,f .
AtaCmdPauseOn
AtaReset

AtaCmdPauseOff:
movlw 
movwf 
movlw
movwf
call
call
btfsc
return
decfsz
goto
call
return

Ox4b 
AtaPacket
OxOI 
AtaPacket+8
Ata Write Packet 
.A.taReadPacketEmpty
status,Z 

Ata Error Retries,f 
AtaCmdPauseOff
AtaReset

AtaCmdPlayAudio:
movlw
movwf 
movf 
movwf 
movf 
movwf 
movf 
movwf 
call
call
btfsc
return
decfsz
goto
call
return

Ox47 
AtaPacket
TrackLeadOutMSF_M,w
AtaPacket+6
TrackLeadOutMSF_S,w
AtaPacket+7
TrackLeadOutMSF_F,w
AtaPacket+8
AlaWritePacket
AtaReadPacketEmpty
status,z

AtaEn·orRetries,f
A taCmdPlayAudio 
AtaReset

AtaCmdCloseDoor:
movlw 
movwf 
movlw 
movwf 
call
call
btfsc 
return
decfsz
goto
call
return 

Ox lb 
AtaPacket
Ox03 
AtaPacket+4
AtaWritePacket
AtaReadPacketEmpty 
status,z

Ata Error Retries,f 
AtaCmdCloseOoor
AtaReset
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AtaCmdOpen Door: 
movlw 
movwf
movlw
movwf
call
call
btfsc
return
decfsz 
goto
call
return

Ox.lb
AtaPacket
Ox.02
AtaPacket+4
AtaWri tePacket
AtaReadPacketEmpty
status,z

Ata Error Retries,f 
AtaCmdOpenDoor
AtaReset

#ifdefLCD
AtaCmdlnquiry:

movlw 
movwf 
movlw
movwf
call
call
btfsc
return
decfsz
goto
call
return 

Ox\2
AtaPacket
Ox.ff
AtaPacket+4
AtaWritePacket
AtaReadPacketlnquiry
status,z

AtaEnorRetries,f
AtaCmdlnquiry
AtaReset

#endif

AtaCmdReadToc:
movlw 0x43
movwf Ata Packet 
movlw 0x.02
movwf AtaPacket+ 1
movlw Oxff
movwf AtaPacket+7
movlw Ox.ff
movwf AtaPacket+8
call Ata Write Packet 

call AtaReadPacketToc
btfsc status,z
return
decfsz AtaErrorRetries,f
goto AtaCmdRead Toc 

call AtaReset
return

AtaCmdReadSubChannel:
movlw 0x42 
movwf AtaPacket
movlw Ox02
movwf AtaPacket+ 1
movlw Ox40 
movwf AtaPacket+2
movlw 0x0\
movwf AtaPacket+3 
movlw Oxff 
movwf AtaPacket+7 
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mov\w
movwf
ca\\
call
btfsc
return
decfsz
goto
call
return 

0xff
AtaPacket+8
AtaWritePacket
AtaReadPacketSubChannel
status,z

AtaErrorRetries,f
AtaCmdReadSubChannel
AtaReset

Ata Write Packet: 
movlw 0x0a
movwf AtaDataLsb
mov\w ATA_REG_DRIVEHEAD

ca\\ AtaWriteRegister

clrf AtaDataLsb
movlw ATA_REG_FEATURES 
call A taWriteRegister

clrf AtaDataLsb
mov\w ATA REG CYLINDERLOW

call aWrte Register 

clrf AtaDataLsb
mov\w ATA_REG_CY LINDERHIGH 

call AtaWriteRegister

mov\w ATA _COMMAND_PACKET 

movwf AtaDataLsb
movlw ATA_REG_COMMAND 
ca\\ AtaWriteRegister

ca\1 De\ayl0ms

AtaWc2:
movlw ATA_REG_STATUS 
cal\ AaReadRegister 
movf AtaDataLsb,w

andlw 0x08
btfsc status,z
goto AtaWc2

bcf
status,rp 1 

bsf
status,rp0

mov\w pPORTB_CONFIG2 

movwf trisb
movlw PORTC_CONFIG2

movwI trisc
bcf

status,rp I

bcf
status,rp0

bcf 
porta,ATA_AO 

bcf
porta,ATA_Al

bcf
porta,ATA_A2 

movlw 0x06
movwf AtaCounter
movlw AtaPacket
movwf fsr

AtaWPI: 
mov f indf,w
movwf portb
incf fsr,f
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movf indfw 
movwf portc
call De\ay\0ms
incf fsr,f
bcf porta,ATA IOW
ca\\ Delay1Oms 
bsf porta,ATA \OW
call Delay I Oms

-
decfsz AtaCounter,f
goto AtaWPl

mov\w D'\2' 
movwf AtaCounter
movlw AtaPacket
movwf fsr

Aul: clrf indf
incf fsr,f
decfsz AtaCounter,f
goto Aul
return 

AtaWriteRegister:
rnovwf
bcf
bsf
movlw 
movwf 

· movlw
movwf 
bcf
bcf
rlf
iorlw
movwf 
call
rnovf
movwf 
clrf
call
bcf 
call
bsf

· call
return

AtaRegister
status,rp 1 
status,rp0

POR.TB_CONFIG2
trisb
PORTC_CONF!G2
trisc

status,t-p 1 
status.rpO 
AtaRegister,w

0x30 
porta
Delay I ms 
AtaOataLsb,w
portb
portc
Delay l ms 

porta,ATA_IOW 
Delay l ms porta,ATA_IOW
Oelaylms

AtaReadRegister:
movwI 
bcf 
bsf
movlw
movwf 
movlw 
movwf 
bcf 
bcf
rlf
iorlw 
movwf 
call

AtaRegister
status,tp I 
status,rp0

PORTB_CONFIGl
trisb
PORTC_CONFIGl
trisc status,rp 1 

status,rp0
AtaRegister,w

0x30 
porta
Delay I ms 
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bcf 
call
movf 
movwf 
movf
movwf 
call
bsf' 
call
return

porta,ATA !OR
Delay\ms -
portb,w
AtaDatalsb
portc,w
AtaDataMsb
Delaylms

porta,ATA IOR
De\ay\ms -

AtaReadPacketEmpty:

AtaRel:
movlw
call
movf
andlw
xorlw 
btfss
goto

ATA_REG_SECTORCOUNT
AtaRead Register
AtaDataLsb,w
0x03
0x03
status,z
AtaRe l 

AtaReadNachamble:
call Delay200ms

AtaRe2:
movlw
call
movf 
andlw
xorlw 
btfss
goto

movf 
xorlw 
return 

ATA REG STATUS
AtaReadRegister 
AtaDataLsb,w
0xc8 
0x40
status.Z 
AtaRe2

AtaDataLsb,w
0x50 

#ifdefLCD
AtaReadldentifyDrive:

return
#endif

#ifdef LCD 
AtaReadPacketlnquiry:

return
#endif
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AtaReadPacketSubChannel: 
call AtaReadPreamble

bcf porta,ATA_IOR

movf portc,w
movwf TrackStatus
call Delayl0ms
bsf porta,ATA_IOR

call Delayl0ms

bcf porta,ATA_IOR

call Delay I Oms
bsf porta,ATA_lOR

call Delay I Oms

bc f 
porta,ATA_lOR

call Delayl0ms
bsf porta,ATA_IOR

call Delay I Oms

bcf
porta,ATA_IOR 

call Delayl0ms
movf portb,w
movwf TrackCurrentNr 
bsf

porta,ATA IOR

call Delay I Oms

bcf
porta,ATA_10R

call Delayl0ms
movf portc,w
movwf TrackCurrentMSF_M

bsf
porta,ATA_IOR

call Delay I Oms

bcf
porta,ATA_IOR 

call Delay I Oms
movf portb,w
movwf TrackCurrentMSF_S 
mo vf portc,w
movwf Track CurrentMSF F 
bsf

porta,ATA_IOR

ca11 Delay I Oms

bcf 
porta,ATA_1OR 

call Delay l Oms 

bsf
porta,ATA_IOR 

call Delay 1 Oms 

bcf 
porta,ATA_IOR

call Delay I Oms

bsf 
porta,ATA_IOR 

call Delay I Oms

call
AtaReadNachamble 

return 

Ata Read Packet Toc: call AtaReadPreamble 

bcf porta,ATA_IOR 
call Delayl0msbsf porta,ATA_IOR 
call Delay I Oms

xxviii 



bcf porta,ATA !OR
call Oelayl0ms -
movf portb,w
movwf TrackFirstNr
movf portc,w
movwf TracklastNr
bsf porta,ATA_IOR

AtaRtl: 
call Oelayl0ms

bcf porta,ATA_IOR

call Oelayl0ms
bsf porta,ATA !OR

call Oelayl0ms
-

bcf porta,ATA_IOR

call Delay I Oms
movf portb,w
movwf TrackTempNr
bsf porta,ATA IOR

call Oelayl0ms -

movf TrackTempNr,w
xorwf · TrackStartNr,w
btfsc status,z
goto AtaRSave1
movf TrackTempNr,w

xorlw Oxaa 
btfsc status,z
goto AtaRSave2

bcf 
porta,ATA_IOR

call Oelayl0ms
bsf 

porta,ATA_IOR

call Delay I Oms

bet'
porta,ATA_IOR

call Delay l Oms 
bsf

porta,A TA_IOR 

goto AtaRtl

AtaRSavel:
bcf

porta,ATA_lOR

call Delay I Oms

movf portc,w
movwf TrackStartMSF M

bsf
porta,ATA_IOR 

call Oelayl0ms

bcf
porta,ATA_IOR

call Delay l Oms 
mov f portb,w
movwf Track StartMSF_S 

movf portc,w

movwf Track StartMSF F 
bsf 

pora,ATA_IOR 

call Delay l Oms 
goto AtaRtl 

AtaRSave2:
bcf 

porta.ATA_IOR 

cal\ Delay I Oms
movf portc,w
movwf Track LeadOutMSF M 

bsf
porta,ATA_Io® 

call Delay l Oms 

bcf
porta,ATA_IOR 

call Delay I Oms
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movf 
mo vwf 
movf 
mo vwf 
bsf
call
call
return

portb.w
TrackleadOutMSF_S
portc,w
TrackLeadOutMSF_F

porta,ATA IOR
Delay I Oms -
AtaReadNachamble

AtaReadPreamble:

AtaRpl:
movlw ATA REG SECTORCOUNT
call Ata Read Register 
movf AtaDataLsb,w
andlw 0x03
xorlw 0x02
btf'ss status.Z 
goto AtaRpl

bcf status,rp1
bsf status,rp0
movlw PORTB_CONFIGl
mo vwf trisb
movlw PORTC_CONFIGl
movwf trisc
bcf status,rp I
bcf status,rp0

bcf porta,ATA_AO 

bcf 
porta,ATA_A 1

bcf
porta,ATA_A2 

END
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