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Preface 

This  is  the  hardware  reference  manual  for  the  Apple  IlGS® 
computer,  including  the  original  256K  Apple  IlGS  and  the  1  MB 

Apple  IlGS  computers.  It  is  primarily  for  hardware  designers  and 

programmers  who  want  to  know  how  to  manipulate  the  hardware, 
but  will  also  be  useful  to  anyone  wanting  to  know  how  to  take 

advantage  of  all  the  features  of  these  computers. 
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About  this  manual 

As  part  of  the  Apple  IlGS  technical  suite  of  manuals,  the  Apple  IlGS  Hardware  Reference 

covers  the  design  and  function  of  the  Apple  IlGS  hardware.  It  provides  hardware  design 

and  interface  information  and  is  intended  for  people  who  have  an  understanding  of 

digital  microprocessor  electronics  and  who  are  interested  in  interfacing  the  Apple  IlGS  to 

the  outside  worid.  Programmers  who  are  using  the  sound  and  graphics  capabilities  of  the 

Apple  IlGS  should  also  refer  to  this  manual  so  that  they  can  have  a  good  understanding  of 
how  software  affects  the  hardware. 

The  Apple  IlGS  is,  above  all,  an  Apple  II.  This  manual  introduces  the  computer's  features 
and  also  describes  how  the  Apple  IlGS  maintains  compatibility  with  previous  Apple  II 
models. 

Specifically,  this  manual 

■  introduces  the  features  of  the  Apple  IlGS  hardware 

■  describes  the  Apple  Il-compatible  functions 

■  provides  addresses  where  necessary  for  manipulating  the  hardware 

■  provides  input/output  (I/O)  information  for  interfacing  signals  to  the  outside  wodd 

Unlike  previous  Apple  technical  reference  manuals,  this  one  does  not  document  firmware 

features;  they  are  covered  in  detail  in  the  Apple  IlGS  Firmware  Reference.  The  Apple  IlGS 

uses  a  set  of  low-level  tool  utilities  to  perform  certain  functions.  Programmers  are 
expected  to  use  these  tools  to  perform  sound  and  graphics  operations  whenever 

available.  Read  the  Apple  IlGS  Toolbox  Reference  for  more  information. 

What  this  manual  contains 

Each  chapter  in  this  manual  describes  a  different  aspect  of  the  computer.  Each  chapter  is 

modular  in  scope,  describing  the  particular  aspect  of  the  Apple  IlGS  and  making 
references  to  other  chapters  and  manuals  where  necessary. 

Chapter  1  introduces  the  features  of  the  Apple  IlGS. 

Chapter  2,  "The  Core  of  the  Apple  IlGS,"  describes  the  heart  the  Apple  IlGS,  the  Mega  II, 
and  the  Fast  Processor  Interface  (FPI)  custom  integrated  circuits. 
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Chapter  3,  "Memory,"  describes  the  organization  of  the  built-in  memory  as  well  as  the 
memory  expansion  slot,  and  tells  how  to  design  and  access  a  memory  expansion  card  for 

this  special  slot. 

Chapter  4,  "The  Video  Displays,"  goes  in  depth  into  how  the  standard  Apple  11  graphics 
modes  work,  and  how  to  make  the  Super  Hi-Res  graphics  work  for  you. 

Chapter  5,  "Apple  IIGS  Sound,"  shows  you  how  to  use  the  32  digital  oscillators  to  generate 
sound. 

Chapter  6,  "The  Apple  Desktop  Bus,"  provides  details  of  the  hardware  and  protocol 
required  to  design  and  connect  an  input  device  (keyboard,  mouse,  graphics  tablet,  and  so 
on)  to  this  input  bus. 

Chapter  7,  "Built-in  I/O  Ports  and  Clock,"  describes  the  disk  port,  the  serial  ports,  the 
game  port,  and  the  real-time  clock. 

Chapter  8,  "I/O  Expansion  Slots,"  lists  the  I/O  signals  available  at  the  expansion  slots,  and 
gives  loading  precautions  and  programming  suggestions  for  the  slot  cards.  DMA  and 

interrupts  are  described  here  also. 

Chapter  9  briefly  describes  the  Apple  IlGS  power  supply  and  lists  its  specifications. 

Chapter  10  covers  the  65C816  microprocessor. 

Appendix  A  contains  a  roadmap  to  the  Apple  IlGS  technical  suite  of  manuals.  Read  this 

appendix  to  determine  which  books  will  help  you  to  learn  more  about  a  programming 

language,  the  Apple  IlGS  firmware,  or  other  aspect  of  the  computer. 

Appendix  B  has  eight  international  keyboard  layouts. 

Appendix  C  shows  you  the  contents  of  the  character  generator — all  the  characters  the 
Apple  IlGS  can  display. 

Appendix  D  has  tables  that  show  what  a  bit  and  a  byte  can  represent.  Conversion  tables 

between  hexadecimal,  decimal,  and  negative  decimal,  as  well  as  7-bit  ASCII,  are  provided. 

Appendix  E  contains  some  of  the  most  frequently  used  tables  taken  from  throughout  the 
manual. 

A  glossary  follows  the  appendixes. 

An  addendum,  after  the  index,  contains  schematic  diagrams  showing  all  of  the  electrical 

components  of  the  main  circuit  board. 
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Conventions  and  usage  in  this  manual 

The  Apple  II  and  Apple  II  Plus  are  standard  Apple  II  computers.  In  this  manual,  reference 

is  made  to  the  compatibility  of  the  Apple  IlGS  with  standard  Apple  II  computers.  This 

means  that  the  Apple  IlGS  will  run  software  written  for  an  Apple  II  or  Apple  II  Plus 

computer.  A  particular  function  that  the  Apple  IlGS  has  in  common  with  the  Apple  He  or 
Apple  lie,  for  instance,  will  be  mentioned  specifically  as  such. 

A  revised  Apple  IlGS,  the  1  MB  Apple  IlGS,  was  introduced  into  the  Apple  II  family  in  mid- 
1989.  This  new  main  logic  board  differs  from  the  original  main  logic  board  in  several  ways, 

but  primarily  in  the  amount  of  RAM  supplied  on  the  main  logic  board.  The  original  Apple 
IlGS  contains  256K  of  RAM,  and  the  1  MB  Apple  IlGS  contains  1  megabyte  of  RAM.  Other 

differences  between  the  computers  are  detailed  in  the  pertinent  sections  of  each  chapter. 

Information  throughout  this  manual  pertains  to  both  versions  of  the  main  logic  board 
unless  otherwise  indicated. 

Special  messages 

Some  text  in  this  manual  is  set  off  from  the  rest  in  special  ways: 

♦   Note:  A  note  usually  contains  information  that  is  interesting  but  not  necessary  for  an 
understanding  of  the  main  text. 

A    Important      Text  set  off  like  this  presents  especially  important  information.  -. 

A  Warning  The  warning  message  contains  information  that,  if  ignored,  could 

result  in  loss  of  data,  damage  to  equipment,  or  possibly  bodily 

injury.  ▲ 

Numbers  preceded  by  a  dollar  sign  are  liexadecimal  rather  than  decimal  representations 
of  values.  This  convention  is  used  throughout  this  manual. 

Words  that  appear  in  boldface  in  the  text  are  defined  in  the  glossary  located  at  the  back 
of  this  manual. 

xxii      Apple  IlGS  Hardware  Reference 



Memory  sizes 

Throughout  this  manual,  memory  is  given  in  kilobytes,  abbreviated  by  the  letter  K;  or  in 

megabytes,  abbreviated  by  the  letters  MB.  A  kilobyte  equals  1024  (2^0)  bytes,  and  a 
megabyte  equals  1024K,  or  1024  x  1024  bytes.  Therefore,  memory  sizes  in  kilobytes  and 

megabytes  are  not  in  even  thousands  and  millions.  For  example,  5  MB  is 

1024  X  1024  X  5  =  5,242,880  bytes,  not  5,000,000  bytes. 

Altering  register  contents 

when  programming  the  Apple  IlGS,  you  will  need  to  manipulate  certain  bits  within 
registers  and  soft  switch  locations  in  order  to  achieve  a  particular  result.  Some  bits  in 

these  registers  or  soft  switches  must  be  left  alone,  or  the  system  could  crash.  These  bits 
are  labeled  Reserved;  do  not  modify. 

A  Warning  In  order  to  manipulate  the  desired  bits  in  these  registers  and  leave 

those  reserved  ones  untouched,  you  must  use  a  read-modify-write 

technique.  Either  of  two  assembly-language  commands  can  be  used  to 
accomplish  this:  the  test-and-set-bit  (TSB)  command  or  the  test-and- 
reset-bit  (TRB)  command.  Both  of  these  commands  allow  you  to 
modify  any  one  bit  and  leave  the  others  untouched.  ▲ 

To  read  about  using  the  TSB  and  TRB  instructions,  refer  to  65816/65802  Assembly 

Language  Programming  by  Michael  Fischer,  published  by  Osborne/McGraw-Hill. 
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Chapter  1    Introduction  to  the  Apple  IIGS 

The  Apple  IlGS®  is  a  new  computer  in  the  Apple®  II  family.  While 
maintaining  its  roots  in  the  Apple  lie  and  Apple  lie,  this  computer  also 

provides  new  features  that  make  it  the  most  powerful  Apple  II  yet.  This 

first  chapter  describes  generally  how  the  Apple  IlGS  fits  into  the  Apple  II 

family  and  tells  what  sets  it  apart  from  previous  Apple  II  computers. 



Figure  1-1  shows  the  Apple  IlGS. 

Figure  1-1        The  Apple  IlGS 

Apple  II  compatibility 

The  Apple  IlGS  is  compatible  with  the  Apple  II  family  of  computers.  Some  of  the  features 
the  Apple  IlGS  shares  with  the  Apple  He  and  lie  are 

■  6502  processor  compatibility,  which  is  maintained  by  the  65C8I6  microprocessor 
used  by  the  Apple  IlGS 

■  standard  Apple  II  graphics,  which  include  Lo-Res  mode,  Hi-Res  mode,  and  Double 
Hi-Res  mode  color  video  graphics 

■  128KofmainRAM 

■  built-in  Applesoft  BASIC 

■  two  built-in  serial  ports 
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seven  peripheral  expansion  slots,  compatible  with  the  Apple  He 

a  built-in  disk  interface  port  like  the  Apple  lie  that  will  accept  either  5.25-inch  or  3.5- 
inch  disk  drives 

built-in  Apple  II  Monitor  program 

40-column  and  80-column  text  display  capability 

a  game  I/O  port  for  joysticks  and  hand  controls  like  the  Apple  lie  and  lie 

Apple  IIGS  features 

Although  the  Apple  IlGS  has  many  features  in  common  with  previous  Apple  II  products,  it 
has  several  new  features  that  enhance  its  performance.  Here  are  a  few  examples: 

■  The  l6-bit  CMOS  65C816  microprocessor,  which  uses  a  superset  of  the  6502 
instruction  set,  includes  11  new  address  modes  and  36  new  instructions,  and  is 

compatible  with  6502  code.  To  learn  more  about  the  6502  and  the  65C02 

microprocessors,  refer  to  the  Apple  lie  Technical  Reference  and  the  Apple  lie  Technical 

Reference,  respectively. 

■  High  processing  speed,  which  is  selectable  between  1.024  MHz  or  2.8  MHz. 

■  Super  Hi-Res  video  graphics  modes,  which  offer  either  320-  or  640-pixel  horizontal 
resolution,  displaying  16  colors  per  line;  these  colors  may  be  chosen  from  a  possible  4096. 

■  Analog  RGB  color  video  outputs. 

■  256k  of  RAM  built  onto  the  main  logic  board.  You  can  increase  this  RAM  to  over  4  MB 

by  using  an  optional  expansion  card  in  the  memory  expansion  slot;  896K  of  ROM  also 
can  be  added  by  using  a  memory  expansion  card. 

■  A  Control  Panel  screen,  which  provides  users  with  means  for  setting  system  parameters. 

■  Built-in  AppleTalk®  network  firmware. 

■  Built-in  real-time  clock  (RTC)  with  a  backup  battery,  which  is  accessible  through  the 
Control  Panel. 

■  Selectable  display  border,  text,  and  background  colors. 

■  A  sound  synthesizer  integrated  circuit  (IC)  with  32  independent  oscillators  and  64K 
of  dedicated  RAM. 

■  A  detachable,  international  keyboard  with  keypad. 

■  Apple  Desktop  Bus™,  whose  protocol  provides  for  input  devices  such  as  graphics 
pads,  mouse  devices,  and  keyboards. 

■  Enhanced  Monitor  firmware,  which  supports  the  65C816  microprocessor. 
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1  MB  Apple  IIGS  additional  features 

In  mid-1989,  Apple  introduced  the  1  MB  main  logic  board  for  the  Apple  IlGS.  This  logic 
board  incorporates  several  features  not  found  on  the  original  logic  board.  These  new 
functions  of  the  1  MB  Apple  IlGS  computer  are  as  follows: 

■  The  main  logic  board  RAM  has  been  expanded  to  1  MB.  A  memory  expansion  card 

containing  up  to  4  MB  may  be  added  to  expand  usable  memor)'. 

■  The  main  logic  board  ROM  has  been  expanded  to  256K.  The  ROM  now  includes  all  of 
the  toolbox  utilities,  previously  resident  on  disk.  (Refer  to  the  Apple  IlGS  Toolbox 

Reference  for  information  on  the  Apple  IlGS  Toolbox  utilities.)  With  a  ROM  expansion 
card,  an  additional  768K  of  ROM  can  be  addressed. 

■  A  new  version  of  the  Apple  Desktop  Bus  (ADB)  microcontroller  IC  provides  two 
new  features: 

n    Sticky  keys 

n    Keyboard  mouse 

Also,  the  new  board  revision  no  longer  supports  the  built-in  (Apple  He)  keyboard;  only 
the  ADB  keyboards  are  supported  by  the  1  MB  Apple  IlGS.  The  Apple  Desktop  Bus  is 
covered  in  Chapter  6. 

■  Shadowing  of  text  Page  2  memory  is  available  for  the  1  MB  Apple  IlGS.  A  bit  in  the 

Shadow  register  ($C035)  controls  whether  or  not  this  address  space  in  banks  $00  and 
$01  is  shadowed  into  banks  $E0  and  $E1.  Chapter  3  describes  memory  shadowing  in 

the  Apple  IlGS. 

■  The  new  Apple  IlGS  logic  board  provides  a  reliable  means  for  programs  to  determine 
under  what  circumstances  a  cold  boot  sequence  was  initiated:  a  bit  in  the  Speed 

register  is  set  when  the  power  switch  is  turned  on.  The  Speed  register  is  covered  in 

Chapter  2. 

■  Figure  1-2        Releasing  the  snap  locks  to  remove  the  cover 

Apple  IlGS  Hardware  Reference 



Removing  the  cover 

The  Apple  IIGS  has  a  molded  two-piece  case.  The  cover  is  hinged  at  the  front  and  is 
secured  at  the  rear  where  the  upper  and  lower  halves  meet.  A  snap  lock  is  located  at  each 

side  of  the  rear  panel,  as  shown  in  Figure  1-2.  To  remove  the  cover,  press  in  on  each  snap 
lock  while  lifting  up  at  the  rear  of  the  cover.  Pivot  the  cover  at  the  front  and  remove  it 

completely.  The  main  logic  board  is  now  exposed  for  access  to  the  expansion  slots. 

Figure  1-3  shows  the  major  components  of  the  Apple  IIGS. 

Figure  1-3        The  Apple  IlGS  with  the  cover  removed.  The  256K  machine  is  shown  at 
top  and  the  1  MB  machine  at  bottom. 

General-purpose 
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RAM  (256K) 

Memory  expansion  slot 
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BASIC  and  Control  Panel  Program 

65C816  microprocessor 

General-purpose 
slots 

RAM  (1MB) 

Memory  expansion  slot 

ROM  (256K)  includes  tools 

65C816  microprocessor 
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Peripheral  expansion  slots 

The  Apple  IIGS,  like  the  Apple  He,  has  seven  expansion  slots  at  the  rear  of  the  main  logic 

board.  These  slots  will  accept  most  Apple  Il-compatible  peripheral  cards  designed  for 
any  of  the  Apple  II  computers.  Note  that  the  Apple  IIGS  does  not  have  an  auxiliary  slot 
as  is  found  in  the  Apple  He.  For  more  information  on  the  peripheral  expansion  slots,  see 

Chapters,  "I/O  Expansion  Slots." 

Connectors 

At  the  rear  of  the  computer  are  several  connectors.  These  connectors  allow  the  computer 

to  be  connected  to  an  input  device  such  as  a  keyboard  or  a  mouse,  or  a  peripheral 

device  such  as  a  disk  drive,  a  printer,  a  modem,  a  network,  or  the  like.  Figure  1-4  shows 
the  connectors. 

Figure  1-4        Apple  IlGS  connectors 
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Serial  ports 

The  two  RS-232-C  and  RS-422  compatible  serial  ports  use  mini-DIN  (Deutsche  Industrie 

Normal)  8-pin  connectors.  To  transmit  and  receive  data  to  and  from  a  device  connected 
to  a  serial  port,  use  the  firmware  calls  in  the  system  read-only  memory  (ROM).  The  serial 

ports  are  described  in  Chapter?,  "Built-in  I/O  Ports  and  Clock."  (To  read  about  how  to 
use  the  firmware  in  the  Apple  IlGS  ROM,  refer  to  the  Apple  IlGS  Firmware  Reference.) 

Disk  drive  port 

This  connector  will  accept  either  5.25-inch  or  3.5-inch  Apple  disk  drives  made  for  the 

Apple  II.  This  19-pin  connector  is  similar  in  function  to  the  one  on  the  Apple  lie.  For  more 

information  on  the  disk  drive  port,  see  Chapter  7,  "Built-in  I/O  Ports  and  Clock." 

RGB  video  connector 

This  connector  provides  analog  red,  green,  and  blue  (RGB)  video  signals  for  an  analog- 

input  RGB  video  monitor.  Use  only  an  analog-input  RGB  monitor  with  this 

15-pin  connector.  See  Chapter  4,  "The  Video  Displays,"  for  more  information. 

Composite  video  connector 

Composite  video  is  available  at  this  connector.  A  standard  Apple  composite  color 

monitor  can  be  used  to  display  video.  A  television  may  be  used  to  display  40-column  text 
or  graphics:  This  requires  a  video  modulator  to  connect  the  Apple  IlGS  to  a  television.  See 

Chapter  4,  "The  Video  Displays,"  for  a  description  of  composite  video. 

Apple  Desktop  Bus 

Connect  Apple  Desktop  Bus  (ADB)  devices  to  this  connector.  These  devices  may  be 

ADB  keyboards,  ADB  mouse  devices,  ADB  graphics  tablets,  or  any  other  input  device 

designed  to  the  ADB  specification.  Do  not  attempt  to  adapt  input  devices  not  designed 

for  ADB  to  this  connector.  See  Chapter  6,  "The  Apple  Desktop  Bus,"  for  more  information 
on  using  this  connector. 

Game  connector 

Connect  a  standard  Apple  II  hand  control  or  joystick  to  this  connector.  Do  not  adapt  an 

ADB  device  to  this  connector.  ADB  devices  are  completely  different,  and  should  not  be 

used.  See  Chapter  7,  "Built-in  I/O  Ports  and  Clock,"  for  more  information  on  game 
connectors  and  signals. 
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A  closer  look 

You  can  think  of  the  Apple  IlGS  system  as  containing  two  separate  and  unique 

subsystems,  These  subsystems  are  not  mutually  exclusive;  on  the  contrary,  the 

subsystems  share  several  components  without  which  they  could  not  function.  In 

particular,  both  share  the  microprocessor,  input/output  (I/O),  memory,  video, 
and  expansion  support  circuitry. 

The  Mega  II  subsystem 

The  first  subsystem,  referred  to  as  the  Mega  II  portion  of  the  system  because  of  the 

controlling  device,  consists  of  the  parts  of  the  computer  that  make  the  Apple  IlGS 

compatible  with  other  Apple  II  products.  These  are 

■  the  65C816  microprocessor 

■  the  Mega  II  custom  integrated  circuit  (IC) 

■  128K  of  standard  Apple  II  memory 

■  the  Video  Graphics  Controller  (VGC)  and  video  generation  circuitry 

■  built-in  devices  and  external  I/O  slots 

Although  the  Digital  Oscillator  Chip  (DOC)  sound  synthesizer  and  support  circuitry  are 

new  to  the  Apple  II  family  of  computers,  they  also  fall  under  control  of  the  Mega  II  side  of 
the  computer. 

The  Fast  Processor  Interface  (FPI)  subsystem 

The  second  subsystem,  referred  to  as  the  FPI  portion  of  the  system  because  of  the 

controlling  device,  consists  of  components  of  the  computer  that  are  unique  to  the 

Apple  IlGS.  These  are 

■  the  65C816  microprocessor 

■  the  Fast  Processor  Interface  (FPI)  custom  IC 

■  128K  of  dynamic  random-access  memory  (RAM);  the  1  MB  Apple  IlGS  has 
1  MB  of  RAM 

■  128K  of  read-only  memory  (ROM);  the  1  MB  Apple  IlGS  has  256K  of  ROM 

Note  that  the  65C816  microprocessor  is  listed  as  a  component  of  both  subsystems.  Being 

a  new  microprocessor,  it  has  many  new  instructions  that  provide  this  computer  with  new 

capabilities.  Also,  the  65C816  emulates  the  6502  microprocessor  and  will  recognize  the 
6502  instruction  set,  which  means  it  will  run  most  existing  Apple  II  software. 
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Figure  1-5  shows  the  Apple  IIGS  computer  in  block  form.  Note  the  dashed  line  separating 
the  two  subsystems.  Although  this  is  a  logical  division,  it  is  not  absolute;  The  FPI  portion 

has  access  to  the  expansion  slots,  the  Video  Graphics  Controller,  and  other  components 
on  the  Mega  II  side. 

Figure  1-5        Block  diagram  of  the  Apple  IlGS 
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Chapter  2    The  Core  of  the  Apple  IIGS 

The  design  of  the  Apple  IlGS  is  radically  different  from  that  of  the 

standard  Apple  II.  The  difference  arises  primarily  from  three  major 

components: 

■  the  65C816  microprocessor 

■  the  Mega  II  custom  IC 

■  the  FPI  (Fast  Processor  Interface)  custom  IC 

The  most  obvious  of  these  is  the  65C816  microprocessor,  which  is  more 

powerful  than  the  6502  used  in  the  standard  Apple  II,  yet  maintains  the 

ability  to  execute  programs  written  for  the  6502.  The  65C816  micro- 
processor is  important  enough  to  have  an  entire  chapter,  Chapter  10, 

devoted  to  it. 

The  65C816  has  a  larger  address  space,  bigger  registers,  and  the  ability  to 

run  faster  than  the  standard  1.024-MHz  speed  of  an  Apple  II.  How  can 
the  Apple  IlGS  take  advantage  of  all  these  capabilities  and  still  be  able 

to  run  programs  written  for  a  standard  Apple  11?  The  answer  to  that 
question  is  two  custom  integrated  circuits:  the  Mega  II  and  the  FPI.  This 

chapter  describes  the  way  those  two  ICs  work  together  in  the 

Apple  IlGS. 
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Figure  2-1  is  a  simplified  block  diagram  of  the  Apple  IlGS,  showing  all  its  major 
components.  The  Mega  II  and  the  FPI  are  shaded  gray.  The  dashed  line  separates  the  part 

of  the  Apple  IlGS  controlled  primarily  by  the  Mega  II  from  the  part  controlled  primarily  by 
the  FPI. 

Figure  2-1        Mega  II  and  FPI  subsystems  in  the  Apple  IlGS 
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The  Mega  II  custom  IC 

The  Mega  II  custom  IC  combines  the  functions  of  several  circuits  found  in  the  Apple  lie. 
Those  circuits  are 

■  the  MMU  (Memory  Management  Unit)  custom  IC 

■  the  lOU  (input/output  unit)  custom  IC 

■  the  character  generator  ROMs 

■  the  video  display  circuitry 

Except  for  central  processor  and  memory,  the  Mega  II  incorporates  the  logic  circuitry  for 

all  the  major  functions  of  an  Apple  He  on  a  single  chip.  It  works  with  the  I/O  expansion 

slots  and  the  I/O  ports  built  into  the  Apple  IlGS  and  supports  the  part  of  memory  that 
contains  the  video  display  buffers.  The  Mega  II  side  of  the  machine  consists  of 

■  the  Mega  II 

■  128K  of  memory 

■  the  I/O  expansion  slots 

■  the  built-in  I/O  ports 

■  the  video  display  circuitry 

The  Mega  II  contains  the  circuitry  that  generates  video  display  signals  from  the  data  in  the 

display  buffers,  along  with  the  soft  switches  that  select  the  different  display  modes. 

All  I/O  in  the  Apple  IlGS  is  memory  mapped.  The  Mega  II  provides  the  address  decoding 

and  the  soft  switches  that  control  the  I/O  slots  and  the  built-in  ports.  The  Mega  II  also 
provides  the  refresh  cycles  for  the  128K  of  dynamic  RAM  under  its  control. 

Because  the  memory  controlled  by  the  Mega  II  contains  the  display  buffers,  it  always  runs 

at  the  1.024-MHz  speed.  It  is  sometimes  referred  to  as  Apple  II  standard  memory,  to 
distinguish  it  from  the  rest  of  the  memory  in  the  Apple  IlGS,  which  normally  runs  at 
2.8  MHz  and  hence  is  ca.\kd  fast  memory. 
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The  FPI  custom  IC 

The  FPI  (Fast  Processor  Interface)  custom  IC  supports  the  65C816  microprocessor  and  its 

large,  fast  memory.  Its  name  is  doubly  descriptive:  The  FPI  controls  the  fast  memory 
itself,  and  also  mediates  its  interaction  with  the  Mega  II  side  of  the  machine. 

Independent  control  of  the  two  sides  enables  the  Apple  IIGS  to  run  programs  at  2.8  MHz 

while  maintaining  the  1.024-MHz  operation  required  for  compatibility  with  the  standard 
video  and  I/O  circuitry. 

For  the  65C816  and  its  fast  memory,  the  FPI  provides  address  multiplexing  and  control 

signals.  Memory  under  the  control  of  the  FPI  includes  128K  of  built-in  RAM  (1  MB  on  the  1 

MB  Apple  IIGS  logic  board),  128K  of  built-in  ROM  (256K  on  the  1  MB  Apple  IIGS  logic 
board),  up  to  4  MB  of  expansion  RAM,  and  up  to  1  MB  of  expansion  ROM.  The  FPI  also 

generates  the  refresh  cycles  needed  by  the  fast  dynamic  RAM  devices.  The  time  required 
for  the  refresh  cycles  reduces  the  effective  processor  speed  for  programs  in  RAM  by  about 

8  percent.  Programs  in  ROM  am  at  the  full  2.8-MHz  speed. 

The  additional  128K  of  ROM  storage  on  the  1  MB  Apple  IlGS  logic  board  is  used  for 

storing  toolbox  utilities  as  well  as  enhancements  to  the  system  firmware.  For  complete 
information  on  the  Apple  IlGS  firmware,  refer  to  the  Apple  IlGS  Firmware  Reference  For 
information  on  the  toolbox  utilities,  see  the  Apple  IlGS  Toolbox  Reference. 

Synchronization 

whenever  data  have  to  be  transferred  between  the  FPI  side  and  the  Mega  II  side,  the  FPI 

IC  must  first  synchronize  itself  with  the  1.024-MHz  Mega  II.  Synchronization  may  consist 
of  a  single  Mega  II  cycle,  as  when  a  single  I/O  location  in  the  Mega  II  must  be  accessed,  or 

consecutive  Mega  II  cycles,  as  when  Apple  II  software  must  be  run  at  1.024  MHz  for 

compatibility.  For  a  single  Mega  II  cycle,  there  is  a  delay  of  up  to  1  microsecond  (average 
0.5  microsecond)  while  waiting  for  the  beginning  of  the  next  cycle.  For  consecutive 

Mega  II  cycles,  the  FPI  generates  one  processor  cycle  for  each  Mega  II  cycle,  thus  running 
the  processor  at  1.024  MHz. 

In  all  Apple  II  computers,  every  65th  processor  cycle  is  elongated,  or  stretched,  by  140 
nanoseconds.  This  practice  is  required  for  correct  colors  in  the  NTSC  (National  Television 

Standards  Committee)  video  display.  Figure  2-2  shows  how  every  65th  clock  cycle  in  all 
Apple  II  computers  is  stretched. 
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Figure  2-2        Stretched  0O  clock  cycle 

Cycle number 

0O 

65th  0O  cycle  stretched 

by  140  nanoseconds 

1 2 3 

63 

64 

65 

1 

mnn 
The  Mega  II  cycle 

A  Mega  II  cycle  is  needed  for  any  central  processor  or  direct  memory  access  (DMA) 

operation  that  requires  access  to  the  1.024-MHz  side  of  the  system.  (Refer  to  Chapter  8, 

"I/O  Expansion  Slots,"  for  more  information  about  direct  memory  access.)  These 
operations  are 

■  all  external  and  most  internal  I/O  operations 

■  shadowed  video-write  operations  (described  in  "Memory  Shadowing,"  later  in  this 
chapter) 

■  inhibited  memory  accesses 

■  Mega  II  memory  accesses  to  banks  $E0  and  $E1 

A  Mega  II  cycle  consists  of  these  steps: 

1 .  A  Mega  II  cycle  begins  when  the  FPI  recognizes  an  address  that  requires  access  to  the 

1.024-MHz  side  of  the  system — one  of  the  operations  just  listed. 

2.  Approximately  90  nanoseconds  after  the  processor  02  clock  signal  goes  low,  the 

location  address  and  bank  address  from  the  processor  become  valid.  The  FPI  decodes 
these  addresses  and  determines  the  type  of  cycle  to  be  executed  before  the  02  clock 
rises. 

3.  If  the  cycle  is  a  Mega  II  cycle,  the  FPI  holds  the  02  clock  high  until  it  synchronizes 

itself  with  the  Mega  II. 

4.  Memory'  or  I/O  access  begins. 
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Mega  II  auxiliary  memory  bank  access 

To  allow  direct  access  to  the  Mega  11  auxiliary  memory  bank,  the  FPI  passes  the  least 

significant  bit  (Isb)  of  the  bank  address  to  the  Mega  II  during  each  Mega  II  cycle.  If 

shadowing  is  enabled  (as  described  in  "Memory  Shadowing,"  later  in  this  chapter)  or  the 
software  is  addressing  bank  $E0  or  $E1,  an  odd-numbered  bank  address  will  access  the 

Mega  II  auxiliary  memory  automatically,  without  using  the  soft  switches.  (For  information 

on  the  soft  switches,  see  the  discussions  on  main  and  auxiliary  memory  in  Chapter  3).  For 

this  setup  to  work,  the  programmer  must  first  set  bit  0  in  the  New-Video  register  at  $C029 

to  1.  (See  Chapter  4  for  information  about  the  New-Video  register.)  Otherwise,  the 

Mega  II  ignores  the  bank  bit,  and  the  soft  switches  must  then  be  used  to  access  the 

auxiliary  64K  through  an  even-numbered,  shadowed  bank. 

Memory  allocation 

The  FPI  controller  can  access  a  minimum  of  128K  of  RAM  (1  MB  on  the  1  MB  Apple  IlGS 

logic  board),  which  is  expandable  to  4.3  MB,  and  to  5  MB  on  the  1  MB  Apple  IlGS  logic 

board.  This  RAM  is  separate  from  the  128K  of  RAM  supported  by  the  Mega  11.  The  FPI  also 

has  access  to  128K  of  ROM  (256K  on  the  1  MB  Apple  IlGS  logic  board),  expandable  to  1 

MB.  Figure  2-3  shows  a  simplified  system  memory  map. 

For  a  full  description  of  memory  in  the  Apple  IlGS,  refer  to  Chapter  3. 
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Figure  2-3        Apple  IlGS  memory  map 
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Memory  shadowing 

Memory  shadowing  is  the  process  of  reading  or  writing  at  one  memory  location  in  two 

different  banks.  Enabling  shadowing  duplicates  the  I/O  locations  and  portions  of  the 

video  buffers  you  select  (via  the  Shadow  register)  in  the  shadow-enabled  RAM  banks. 
Writing  into  those  locations  in  banks  for  which  shadowing  has  been  enabled  results  in 
duplicate  writes  to  those  locations  in  banks  $E0  or  $E1.  Direct  access  to  I/O  and  the 

video  buffers  is  not  inhibited  and  may  still  be  obtained  through  banks  $E0  and  $E1.  (See 

"I/O  Space  Addresses,"  later  in  this  chapter,  for  more  information  on  I/O  addresses.) 
Figure  2-4  shows  banks  $E0  and  $E1. 

■    Figure  2-4        Shadowed  areas  of  memory 
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The  purpose  of  shadowing  is  to  provide  optimum  system  speed.  By  shadowing  the  I/O 

and  video  buffer  locations  in  the  high-speed  FPI  address  space,  only  write  instructions  to 

the  video  locations  require  the  system  to  operate  at  1.024  MHz.  A  write  instruction 

actually  writes  to  an  address  in  both  banks,  the  Mega  II  bank,  $E0  or  $E1,  and  the  shadow- 

enabled  bank,  $00  or  $01.  Read  instructions  access  the  high-speed  shadowed  bank,  $00  or 

$01.  Shadowing,  therefore,  helps  minimize  the  impact  of  video  display  updates  on  the 

overall  system  speed.  (See  "I/O  Space  Addresses,"  later  in  this  chapter,  for  more 
information  on  the  impact  of  I/O  read  operations  and  write  operations  on  system 

speed.) 

The  shadowing  options  are 

■  Enable  shadowing  in  banks  $00  and  $01  only. 

■  Enable  shadowing  in  all  RAM  banks  (not  recommended). 

♦    Note:  Although  shadowing  is  possible  in  other  banks,  shadowing  in  banks  other  than 

$00  and  $01  should  not  be  attempted  under  normal  operating  circumstances;  firmware 

operating  in  other  banks  will  be  corrupted  if  shadowing  is  enabled  in  those  banks, 
resulting  in  a  system  crash. 

Note  that  slowing  of  the  system  for  each  write  operation  is  very  brief  and  won't  affect 
program  execution  speed  significantly.  Only  continuous  write  accesses  would  actually  be 
noticeable. 

The  Shadow  register 

The  Shadow  register,  located  at  $C035,  determines  which  address  ranges  of  each 

shadowed  1.024-MHz  RAM  bank  are  duplicated  in  the  FPI  RAM  display  areas.  The  Shadow 

register  also  determines  whether  or  not  the  I/O  space  and  language-card  (lOLC)  areas  for 
each  bank  are  activated.  Figure  2-5  shows  the  format  of  the  Shadow  register.  Table  2-1  is  a 
list  of  the  bits  and  their  functions. 

A  Warning  Be  careful  when  changing  bits  within  this  register.  Use  only  a  read- 
modify-write  instruction  sequence  when  manipulating  bits.  See  the 
warning  in  the  preface.  ▲ 
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Figure  2-5        Shadow  register  at  $C035 
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■    Table  2-1 Bits  in  the  Shadow  register 

Bit Value 

7 

6 

Description 

Reserved;  do  not  modify. 

The  I/O  and  language-card  (lOLC)  inhibit  bit:  This  bit 
controls  whether  the  4K  range  from  $C000  to  $CFFF  in 
banks  $00  and  $01  acts  as  RAM  or  as  I/O.  When  this  bit 

is  0,  I/O  is  enabled  in  the  $Cxxx  space  and  the  RAM  that 
would  normally  occupy  this  space  becomes  a  second 

$Dxxx  RAM  space  in  banks  $00  and  $01,  forming  a 

language  card.  Note  that  the  I/O  space  and  language 

card  in  banks  $E0  and  $E1  are  not  affected  by  this  bit; 

this  space  is  always  enabled. 

When  this  bit  is  1,  the  I/O  space  and  language  card  are 
inhibited,  and  contiguous  RAM  is  available  from  $0000 

through  $FFFF.  (For  more  information  on  I/O  and 

language-card  memory  spaces,  see 

Chapter  3,  "Memory.") 
Text  Page  2  inhibit  (available  only  on  the  1  MB  logic 

board):  When  this  bit  is  1,  shadowing  is  disabled  for 

text  Page  2  and  auxiliary  text  Page  2. 
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I 
Table  2-1  Bits  in  the  Shadow  register  (Continued) 

Bit  Value  Description 

0  when  this  bit  is  0,  shadowing  is  enabled  for  text  Page  2 
and  auxiliary  text  Page  2. 

1  Inhibit  shadowing  for  auxiliary  Hi-Res  graphics  pages: 

When  this  bit  is  1,  shadowing  is  disabled  for  Hi-Res 
graphics  pages  1  and  2  (as  determined  by  bits  0  through 
3  in  this  register)  in  all  auxiliary  (odd)  banks. 

Shadowing  of  Hi-Res  graphics  pages  in  the  main  bank 
remains  unaffected, 

0  When  this  bit  is  0,  shadowing  is  enabled  for  Hi-Res 
graphics  pages  (as  determined  by  bit  1). 

1  Super  Hi-Res  graphics  buffer  inhibit:  When  this  bit  is 

1,  shadowing  is  disabled  for  the  entire  32K  video 
buffer. 

0  When  this  bit  is  0,  shadowing  is  enabled  for  the  Super 

Hi-Res  graphics  buffer. 

1  Hi-Res  graphics  Page  2  inhibit:  When  this  bit  is  1, 

shadowing  is  disabled  for  Hi-Res  graphics  Page  2  and 
auxiliary  Hi-Res  graphics  Page  2. 

0  When  this  bit  is  0,  shadowing  is  enabled  for  Hi-Res 

video  Page  2  and  auxiliary  Hi-Res  video  Page  2,  unless 
auxiliary  Hi-Res  graphics  Page  2  shadowing  is 
prohibited  by  bit  4  of  this  register. 

1  Hi-Res  graphics  Page  1  inhibit:  When  this  bit  is  1, 

shadowing  is  disabled  for  Hi-Res  graphics  Page  1  and 
auxiliary  Hi-Res  graphics  Page  1. 

0  When  this  bit  is  0,  shadowing  is  enabled  for  Hi-Res 

graphics  Page  1  and  auxiliary  Hi-Res  graphics  Page  1, 
unless  auxiliary  Hi-Res  graphics  Page  1  shadowing  is 

prohibited  by  bit  4  of  this  register. 

1  Text  Page  1  inhibit:  When  this  bit  is  1,  shadowing  is 
disabled  for  text  Page  1  and  auxiliary  text  Page  1. 

0  When  this  bit  is  0,  shadowing  is  enabled  for  text  Page  1 

and  auxiliary  text  Page  1. 
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You  can  turn  shadowing  on  and  off  for  areas  within  each  shadow-enabled  64K  bank  by 
setting  the  corresponding  bit  or  bits  in  the  Shadow  register.  You  can  turn  off  shadowing 
(no  banks  shadowed)  by  setting  all  bits  in  the  Shadow  register.  When  the  Shadow  register 
is  cleared  on  reset,  it  defaults  to  shadowing  all  video  areas. 

Each  bit  in  the  Shadow  register  is  active  high,  which  means  that  the  shadowing  of  the 
selected  area  is  inhibited  if  the  corresponding  bit  is  set.  Programs  that  use  the  Shadow 
register  can  turn  off  shadowing  in  unused  video  areas  by  setting  the  appropriate  bits,  thus 
reclaiming  the  memory  space  in  the  unu,sed  video  buffers  in  Mega  II  banks  $00  and  $01. 

The  Speed  register 

The  Speed  register,  located  at  $C036,  contains  bits  that  control  the  speed  of  operation 
and  that  determine  whether  a  specific  area  within  a  bank  is  shadowed.  The  Speed  register 
is  cleared  on  reset  or  power  up,  except  for  bit  6,  which  on  power  up  is  set.  Figure  2-6  shows 

the  format  of  the  Speed  register.  Table  2-2  contains  a  description  of  the  bits. 

A  Warning  Be  careful  when  changing  bits  within  this  register.  Use  only  a  read- 

modify-write  instruction  sequence  when  manipulating  bits.  See  the 
warning  in  the  preface.  ▲ 

Figure  2-6        Speed  register  at  SC036 

3 

Centra!  processor  speed  ■ 

Power-on  status  - 

Reserved;  do  not  modify  — ' 

Shadowing  enable,  all  RAM  banks  — ' 

Slot  7  disk  motor-on  detect  - 

Slot  6  disk  motor-on  detect  — ' 

Slot  5  disk  motor-on  detect  — ' 

Slot  4  disk  motor-on  detect  ■ 

1 
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Table  2-2 Bits  in  the  Speed  register 

Bit Value Description 

7* 

0-3t 

System  operating  speed.  When  this  bit  is  1,  the  system 

operates  at  2.8  MHz. 
When  this  bit  is  0,  the  system  operates  at  1.024  MHz  (as 

in  other  Apple  II  computers). 

Power-on  status  (available  only  on  the  1  MB  logic 
board):  This  bit  is  set  to  1  when  the  system  is  turned  on 

using  the  power  switch.  A  boot  initiated  by  any  key 

combination  will  not  alter  this  bit.  This  is  a  read-write 

vbit. 

n/g- 

Reserved;  do  not  modify. 

Bank  shadowing  bit:  This  bit  determines  memory 

shadowing  in  the  RAM  banks.  Shadow  register  bits  0 

through  4  will  determine  which  portion,  if  any,  of  the 
banks  will  be  shadowed.  To  enable  shadowing  in  all 

RAM  banks,  $00  through  $7F,  set  this  bit  to  1. 

To  enable  shadowing  in  banks  $00  and  $01  only,  clear 

this  bit.  For  proper  operation  of  the  Apple  IIGS 

operating  system,  this  bit  must  always  be  set  to  0. 

Disk  II  motor-on  address  detectors:  To  retain  Apple  II 

peripheral  compatibility,  the  motor-on  detectors 
change  the  system  speed  to  1.024  MHz  whenever  a 
Disk  II  motor-on  address  is  detected.i:  When  the  disk 

motor-off  address  is  accessed,  the  system  speed 

increases  to  2.8  MHz  again.  For  example,  when  bit  1  is 

1,  the  FPI  switches  to  1.024  MHz  when  address  $C0D9  is 

accessed,  and  returns  to  2.8  MHz  following  a  $C0D8 
access.  (See  list  of  addresses  below.) 

Drives  designed  for  the  Apple  IIGS  system  should  use  the  speed  bit  (Speed  register  bit  7)  to  change  the 

processor  speed  when  accessing  disks,  rather  than  the  disk  motor-on  detectors  (Speed  register  bits  0 

through  3).  By  using  bit  7,  you  access  drives  in  slots  other  than  slots  4  through  7  by  changing  the  system 

speed  manually.  Be  aware  that  central  processor  speed  changes  for  drive  compatibility  may  affect 

application  program  timing;  avoid  using  the  motor  addresses  unless  they  are  used  in  a  fashion 

consistent  with  the  drive's  central  processor  speed  requirements. 
For  compatibility  with  future  Apple  products,  use  firmware  calls  only  to  manipulate  bits  0  to  3  of  the 

Speed  register. 

Drives  designed  for  previous  Apple  II  computers  will  function  as  Apple  IIGS  peripherals  only  if  the 

system  speed  is  changed  to  1.024  MHz  before  disk  access  is  attempted. 

(Continued) 
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Table  2-2 Bits  in  the  Speed  register  (Continued) 

Bit Value Description 

When  this  bit  is  0,  the  Disk  II  motor  detectors  are 
turned  off. 

Bits  0  through  3  detect  the  following  addresses: 
Bit Slot Motor  on Motor  off 

0 4 $C0C9 
$C0C8 1 5 $C0D9 
$C0D8 

2 6 $C0E9 
$C0E8 

3 7 $C0F9 
$C0F8 

RAM  control 

The  FPI  alone  controls  the  high-speed  RAM.  This  high-speed  memory  consists  of  a 
minimum  of  128K  of  RAM  (1  MB  in  the  1  MB  Apple  IlGS)  on  the  main  logic  board  and 
additional  expansion  RAM  on  the  extended  memory  card,  for  a  total  of  4.3  MB  in  the  256K 
logic  board,  and  5  MB  in  the  1  MB  version  of  the  board. 

The  FPI  provides  memory  refresh  for  the  high-speed  RAM,  which  incorporates  internal 
refresh-address  counters.  This  refresh  scheme  frees  the  address  bus  so  that  the  FPI  can 
execute  ROM  cycles  while  RAM  refresh  cycles  are  occurring,  thus  allowing  full-speed 
operation  in  the  ROM.  These  cycles  occur  approximately  every  3.5  microseconds  and 

reduce  the  2.8-MHz  processing  speed  by  approximately  8  percent  for  programs  that  run  in 
RAM.  When  running  at  1.024  MHz,  refresh  cycles  are  executed  during  an  unused  portion  of 
the  processor  cycle  and  do  not  affect  the  processor  speed. 

I/O  space  addresses 

The  I/O  space  in  the  Apple  IlGS  consists  of  all  the  addresses  from  $C000  through  $CFFF. 
All  internal  device  addresses,  register  addresses,  soft  switch  addresses,  and  slot  addresses 
fall  within  this  4K  address  range.  Any  of  these  addresses  can  be  accessed  through  banks 
$E0,  $E1,  $00,  and  $01.  Access  from  banks  $E0  and  $E1  is  always  enabled;  access  from 
banks  $00  and  $01  is  controlled  by  bit  6  of  the  Shadow  register,  and  must  always  be 
enabled  for  correct  system  operation. 
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When  estimating  the  performance  of  timing-critical  code,  you  must  consider  the  impact 

processor  speed  changes  have  on  execution  speed.  The  Apple  IIGS  can  operate  at  2.8 

MHz,  but  must  slow  down  to  1.024  MHz  when  accessing  certain  I/O  addresses.  These  I/O 

addresses  include  I/O  reads  and  writes,  and  instruction  reads  of  firmware  at  slot  addresses 

of  $C100  through  $CFFF.  Additionally,  all  reads  and  writes  to  soft  switches  and  slot  I/O 

devices  at  addresses  $C090  through  $COFF  also  occur  at  1.024  MHz. 

♦    Note:  In  order  to  guarantee  that  your  code  will  remain  compatible  with  future  Apple  II 

computers,  do  not  develop  timing-critical  code  that  will  not  function  at  system 

speeds  greater  than  2.8  MHz. 

A  microprocessor  instruction  consists  of  between  two  and  nine  individual  cycles.  For 

instructions  executed  from  fast  RAM  or  ROM,  only  the  specific  instruction  cycles  that 

read  from  or  write  to  I/O  addresses  will  slow  the  system  to  1.024  MHz.  All  other  cycles  of 

such  an  instruction  will  execute  as  fast  cycles.  The  result  is  that  the  majority  of  instruction 

cycles  occur  at  high  speed.  The  few  that  occur  at  low  speed  are  of  variable  length.  This 

length  can,  however,  be  estimated.  The  following  rules  provide  a  simple  method  of 

calculating  the  minimum  and  maximum  time  that  an  entire  instruction  will  require  to 
execute: 

1 .  If  a  single  (8-bit)  slow  I/O  read  or  write  cycle  is  perfectly  synchronized,  it  takes  nearly 

three  fast  cycles  to  complete.  A  double  (l6-bit)  slow  I/O  read  or  write  cycle  takes 

nearly  6  fast  cycles  to  complete.  Thus,  an  8-bit  read  or  write  instruction  that  would 
normally  take  four  fast  cycles  will  take  at  least  six  fast  cycles,  an  increase  of  two 

cycles.  A  l6-bit  read  or  write  instaiction  that  would  normally  take  five  fast  cycles  will 
take  at  least  nine  fast  cycles,  an  increase  of  four  cycles. 

2.  If  either  a  single  or  double  slow  cycle  is  not  synchronized,  the  maximum  delay  for 

synchronization  is  one  extra  slow  cycle,  adding  the  equivalent  of  three  fast  cycles  to 

the  count.  Thus,  the  worst-case  8-bit  access  becomes  2  +  3  or  5  extra  fast  cycles,  and 
the  1 6-bit  worst  case  becomes  4  +  3  or  7  extra  fast  cycles. 

These  rules  can  be  applied  to  the  cycle  times  for  any  instruction  executing  in  fast  RAM  or 

ROM  to  approximate  the  minimum  and  maximum  times  for  instructions  that  reference 
I/O  addresses.  Remember  to  allow  an  additional  10%  in  total  cycle  time  to  account  for 
RAM  refresh  delays. 

Certain  registers  internal  to  the  FPI  (the  DMA  register,  the  Speed  register,  and  the  Shadow 

register)  are  read  and  written  at  high  speed.  Similarly,  reading  the  intermpt  ROM 
addresses  ($C071  through  $C07F)  does  not  slow  the  system.  In  addition,  two  registers 

(the  State  register  and  the  Slot  ROM  Select  register)  that  exist  in  both  the  FPI  and  the 

Mega  II  ICs  are  written  at  1.024  MHz  and  read  at  2.8  MHz  in  the  FPI  address  space. 
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Chapter  3   Memory 

This  chapter  describes  the  internal  memory  of  the  Apple  IlGS,  and  shows 
the  RAM  and  ROM  memory  layout  and  how  the  memory  is  controlled. 

There  is  a  memory  map  for  the  entire  system,  and  there  are  individual 

maps  for  special  features  like  standard  Apple  II  compatibility  and 
memory  shadowing. 

The  memory  in  the  Apple  IlGS  is  divided  into  several  portions.  Figure  3-1 
is  a  block  diagram  showing  the  different  parts  of  memory  in  relation  to 

the  rest  of  the  hardware;  Figure  3-2  is  a  memory  map  showing  the 
addresses  of  the  different  parts  of  memory.  As  described  in  Chapter  2, 

the  greater  part  of  the  memory  is  controlled  by  the  FPI,  while  two  64K 
banks  ($E0  and  $E1)  are  controlled  by  the  Mega  II  so  that  the  Apple  IlGS 

may  function  like  a  standard  Apple  II. 
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Figure  3-1        Memory  in  the  Apple  IIGS 
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Built-in  memory 

The  original  Apple  IlGS  comes  with  256K  of  main  memory  mounted  on  the  circuit  board, 

and  the  1  MB  Apple  IlGS  has  1  MB.  Additional  memory  can  be  added  by  means  of  an 

optional  memory  expansion  card  you  can  plug  into  the  memory  expansion  slot,  which  is 
described  in  the  latter  part  of  this  chapter. 

As  you  can  see  by  looking  at  the  block  diagram  in  Figure  3-1,  memory  in  the  Apple  IlGS  is 

divided  into  several  portions.  The  original  Apple  IlGS  uses  ten  64K-by-4-bit  RAM  ICs  on 
the  main  logic  board.  Four  RAM  ICs  make  up  the  128K  controlled  by  the  Mega  II,  and  four 

more  are  the  128K  of  fast  system  memory  controlled  by  the  FPL  The  1  MB  Apple  IlGS 

varies  from  this  configuration  slightly,  using  eight  1 -megabit  RAM  ICs  for  fast  system 
memory.  Besides  the  main  memory,  there  are  also  two  RAM  ICs  for  the  64K  of  RAM 

dedicated  to  sound  generation.  The  sound  RAM  is  not  directly  addressable  by  application 

programs;  for  more  information  about  the  sound  memory,  refer  to  Chapter  5. 

Memory  map 

The  65C816  microprocessor  is  capable  of  addressing  up  to  l6  MB  of  memory,  but  only 

portions  of  this  memory  space  are  utilized  in  the  Apple  IlGS.  Figure  3-2  shows  how  that 

memory  space  is  allocated  in  the  Apple  IlGS.  A  portion  of  the  lower  memory  space — a 
maximum  of  5  MB— is  available  for  fast  RAM  under  the  control  of  the  FPL  The  first  128K  is 

built  into  the  original  Apple  IlGS,  1  MB  in  the  1  MB  Apple  IlGS;  the  rest  can  be  added  by 

means  of  a  memory  expansion  card. 

The  128K  of  RAM  controlled  by  the  Mega  II  occupies  banks  $E0  and  $E1.  No  further 

expansion  of  this  part  of  memory  is  possible. 

The  highest  16  banks  are  allocated  to  ROM  under  the  control  of  the  FPL  The  top  128K  of 

ROM  is  built  into  the  original  Apple  IlGS;  the  uppermost  256K  of  ROM  is  built  into  the  1 

MB  Apple  IlGS.  Additional  ROM  can  be  added  by  means  of  a  memory  expansion  card. 
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Figure  3-2        Memory  map  of  the  Apple  IlGS  (Solid  lines  indicate  built-in  memory; 
dashed  lines  indicate  expansion  memory.) 
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Memory  bank  allocation 

The  memory  in  the  Apple  IlGS  is  addressed  as  64K  banks,  as  shown  in  Figure  3-2.  Bank 
numbers  are  in  hexadecimal.  The  built-in  memory  banks  are  shown  with  solid  outlines: 
banks  $00  and  $01,  $E0  and  $E1,  and  $FE  and  $FF  in  the  256K  Apple  IlGS.  The  parts  of  the 

memory  space  from  bank  $02  to  bank  $7F  and  from  bank  $F0  to  bank  $FD  are  allocated 

for  memory  expansion;  banks  $F8  through  $FF  are  reserved  for  current  system  and  future 

expansion  of  system  firmware.  Memory  spaces  from  $80  through  $EF  are  not  available  in 

the  Apple  IlGS. 

The  memory  bank  distribution  in  the  1  MB  Apple  IlGS  is  similar  to  that  of  the  256K 

system,  with  a  few  variations.  The  built-in  banks  are  banks  $00  through  $0F,  $E0  and  $E1, 
and  $FC  through  $FF.  Banks  $10  through  $7F,  and  $F0  through  $FB  in  the  1  MB  system  are 
available  for  memory  expansion. 

Address  wrapping 

In  general,  the  65C816  microprocessor  used  in  the  Apple  IlGS  addresses  memory  as 
continuous  across  bank  boundaries,  but  there  are  exceptions.  One  kind  of  exception 

involves  the  65C8l6's  instructions  themselves.  For  data  at  the  highest  address  in  a  bank, 
the  next  byte  is  the  lowest  one  in  the  next  bank,  but  instructions  themselves  wrap  around 
on  bank  boundaries,  rather  than  advancing  to  the  next  bank.  That  means  that  the 

maximum  size  of  a  program  segment  is  normally  limited  to  64K.  For  more  information 

about  the  65C816,  refer  to  Chapter  10. 

Another  exception  to  the  continuity  of  memory  arises  from  the  way  certain  banks  are 

used  for  special  purposes.  For  example,  parts  of  banks  $E0  and  $E1  are  set  aside  as  video 

display  buffers  and  are  not  normally  used  for  program  code,  although  the  hardware  doesn't 
prevent  such  use.  The  Memory  Manager,  which  is  part  of  the  Apple  IlGS  Toolbox,  takes 
such  restrictions  into  account.  For  information  about  the  Memory  Manager,  refer  to  the 

Apple  IlGS  Toolbox  Reference. 

ROM  memory 

The  two  highest  banks  in  the  256K  system,  and  the  four  highest  banks  in  the  1  MB  system, 

are  used  for  built-in  ROM  that  contains  system  programs  and  part  of  the  Apple  IlGS 
Toolbox.  Additional  memory  in  banks  $F0  to  $FD  ($FB  in  the  1  MB  system)  is  available 

for  ROM  on  a  memory  expansion  card.  Of  that  memory,  part  is  available  for  application 

programs  stored  as  a  ROM  disk,  and  part  is  reserved  for  future  expansion  of  system 

programs.  For  information  about  ROM  disks,  refer  to  the  Apple  IlGS  ProDOS  16  Reference. 
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Bank  $00  memory  allocation 

Memory  bank  $00  preserves  many  features  found  in  the  64K  of  main  memory  in  the 

Apple  He  or  the  Apple  lie  that  make  it  possible  to  run  programs  originally  written  for 
those  machines  or  for  the  Apple  II  Plus. 

Reserved  memory  pages 

Most  of  bank  $00  is  available  for  storing  programs  and  data.  However,  a  few  pages  of 

bank  $00  are  reserved  for  the  use  of  the  Monitor  firmware  and  the  BASIC  interpreter.  The 
reserved  pages  are  described  in  the  following  sections. 

A    Important      The  system  does  not  prevent  your  using  these  pages,  but  if  you  do  use 
them,  you  must  be  careful  not  to  disturb  the  system  data  they 
contain,  or  you  will  cause  the  system  to  malfunction,  a 

♦   Apple  II  note:  Some  of  the  reserved  areas  described  in  the  sections  that  follow  are  used 

only  by  programs  written  for  models  of  the  Apple  II  that  preceded  the  Apple  IIGS. 
Programs  written  specifically  for  the  Apple  IlGS  normally  do  not  deal  with  hardware 

features  directly,  but  rely  on  routines  in  the  toolbox,  as  described  in  the  Apple  IlGS 

Toolbox  Reference  Some  reserved  areas  are  used  by  the  built-in  firmware:  Refer  to  the 
Apple  IlGS  Firmware  Reference. 

Direct  page:  Several  of  the  65C816  microprocessor's  addressing  modes  require  the  use  of 
addresses  in  a  specified  page  of  bank  $00  called  the  direct  page.  Like  the  zero  page  in  a 
6502  microprocessor,  the  direct  page  is  used  for  indirect  addressing. 

The  direct  page  works  differently  in  the  two  microprocessor  modes.  When  the  65C816  is 

in  emulation  mode,  the  direct  page  is  located  at  address  $0000  in  bank  $00,  like  the  zero 

page  in  a  6502  microprocessor's  64K  address  space.  When  the  65C816  is  in  native  mode, 
the  direct  page  can  be  located  anywhere  in  bank  $00,  making  it  possible  for  different 
programs  to  have  different  direct  page  locations.  (For  more  information  about  emulation 
mode  and  native  mode,  see  Chapter  10.) 

To  use  indirect  addressing  in  your  assembly-language  programs,  you  must  store  base 

addresses  in  a  direct  page.  At  the  same  time,  you  must  avoid  interfering  with  direct-page 
memory  used  by  other  programs  such  as  the  Monitor  program,  the  BASIC  interpreter,  and 
the  dislt  operating  systems.  The  best  way  to  avoid  conflicts  is  to  request  your  own 

direct-page  space  from  the  Memory  Manager:  Refer  to  the  Apple  IlGS  Toolbox  Reference 
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The  65C816  stack:  The  65C816  microprocessor  uses  a  stack  to  store  subroutine  return 

addresses  in  last-in,  first-out  sequence.  Many  programs  also  use  the  stack  for  temporary 
storage  of  the  registers  and  for  passing  parameters  to  subroutines. 

The  65C816  uses  the  stack  two  ways— in  emulation  mode  and  native  mode.  In  emulation 
mode,  the  stack  pointer  is  8  bits  long,  and  the  stack  is  located  in  page  1  (locations  $100 

through  $1FF,  hexadecimal)  and  can  hold  256  bytes  of  information.  When  you  store  the 

257th  byte  in  the  stack,  the  stack  pointer  repeats  itself,  or  wraps  around,  so  that  the  new 

byte  replaces  the  first  byte  stored,  which  is  then  lost.  This  writing  over  old  data  is  called 

stack  overflow.  The  program  continues  to  run  normally  until  the  lost  information  is  needed, 

whereupon  the  program  may  behave  unpredictably,  or,  possibly,  terminate 
catastrophically. 

▲  Warning  The  wrapping  around  of  the  stack  pointer  does  not  occur 
consistently;  in  some  addressing  modes  the  stack  will  continue  to 
page  2.  In  either  case,  a  system  crash  is  imminent.  ▲ 

In  native  mode,  the  stack  pointer  is  16  bits  long,  and  the  stack  can  hold  up  to  64K  of 
information  at  a  time.  To  read  more  about  using  the  65C816  stack,  see  Chapter  10. 

The  input  buffer:  The  GETLN  input  routine,  which  is  used  by  the  built-in  Monitor 

program  and  Applesoft  BASIC  interpreter,  uses  page  2  of  bank  $00  as  its  keyboard-input 
buffer.  The  size  of  this  buffer  sets  the  maximum  size  of  input  strings.  (Note  that  BASIC 

uses  only  the  first  237  bytes,  although  it  permits  you  to  type  in  256  characters.)  If  you 

know  that  you  won't  be  typing  any  long  input  strings,  you  can  store  temporary  data  at  the 
upper  end  of  page  2. 

♦  Note:  Routines  that  use  the  input  buffer  mn  in  emulation  mode;  programs  running  in 
native  mode  must  first  switch  to  emulation  mode  to  call  such  routines.  Refer  to  the 

Apple  IlGS  Firmware  Reference  for  more  information. 

Link-address  storage:  The  Monitor  program,  ProDOS®,  and  DOS  3.3  all  use  the  upper 
part  of  page  3  for  link  addresses  or  vectors.  BASIC  programs  sometimes  need  short 

assembly-language  routines.  These  routines  are  usually  stored  in  the  lower  part  of  page  3. 

Shadowed  display  spaces:  The  display  buffers  in  the  Apple  IlGS  are  actually  located  in 
banks  $E0  and  $E1,  but  programs  written  for  the  Apple  II  Plus,  the  Apple  He,  and  the 

Apple  lie  put  display  information  into  the  corresponding  locations  in  bank  $00  and 

require  display  shadowing  to  be  on.  Figure  3-3  shows  the  shadowed  display  spaces.  For 
more  information  about  shadowing,  refer  to  Chapter  2. 
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♦   Note:  Display  buffers  in  bank  $00  are  normally  used  only  by  programs  written  for  earlier 

models  of  the  Apple  II,  except  for  text  Page  1,  which  is  also  used  by  the  Control  Panel 
desk  accessory.  Shadowing  of  the  display  buffers  is  enabled  by  a  switch  in  the  Shadow 

register,  described  in  Chapter  2. 

Figure  3-3        Shadowed  display  spaces  in  banks  $00  and  $01  (Shading  indicates 
shadowed  memory  locations.) 
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The  primary  text  and  Lo-Res  graphics  display  buffer  uses  memory  locations  $0400  through 

$07FF.  This  1024-byte  area  is  called  text  Page  1,  and  it  is  not  usable  for  program  and  data 
storage  when  shadowing  is  on.  There  are  64  locations  in  this  area  that  are  not  displayed  on 

the  screen;  these  locations,  called  screen  holes,  are  reserved  for  use  by  the  peripheral 

cards  and  the  built-in  ports.  See  the  section  "Peripheral-Card  RAM  Space,"  in  Chapter  8, 
for  the  locations  of  the  screen  holes. 
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♦  Text  Page  2:  The  original  Apple  IIGS  doesn't  shadow  text  Page  2.  To  make  it  possible 
to  ain  Apple  II  programs  that  use  text  Page  2  for  their  displays,  the  firmware  includes  a 

desk  accessory,  Alternate  Display  Mode,  that  automatically  transfers  data  from  text 

Page  2  of  bank  $00  into  text  Page  2  of  bank  SEO,  where  it  can  be  displayed.  Refer  to 

the  Apple  IlGS  Firmware  Reference  for  more  information.  Note  that  the  1  MB  Apple 
IlGS  has  available  a  Shadow  register  bit  that  allows  you  to  shadow  Text  Page  2. 

When  the  primary  Hi-Res  graphics  display  buffer.  Hi- Res  graphics  Page  1,  is  shadowed,  it 

uses  memory  locations  $2000  through  $3FFF.  If  your  program  doesn't  use  Hi-Res  graphics, 
this  area  is  usable  for  programs  or  data. 

Hi-Res  graphics  Page  2  uses  memory  locations  $4000  through  $5FFF.  Most  programs  do 

not  use  Hi-Res  graphics  Page  2,  so  they  can  use  this  area  for  program  or  data  storage. 

The  primary  Double  Hi-Res  graphics  display  buffer,  called  Double  Hi-Res  graphics  Page  1, 
uses  memory  locations  $2000  through  $3FFF  in  both  main  and  auxiliary  memory  (banks  $00 

and  $01).  If  your  program  doesn't  use  Hi-Res  or  Double  Hi-Res  graphics,  this  area  of 
memory  is  usable  for  programs  or  data. 

Language-card  memory  space 

♦  Apple  II  note:  The  language-card  space  is  a  carryover  from  earlier  models  of  the  Apple  II 
and  is  normally  used  only  by  programs  written  for  those  machines  and  running  in 
emulation  mode.  Like  the  bank  $00  shadowing  of  the  display  buffers,  the  peculiar 

features  of  the  language-card  space  are  enabled  by  a  switch  in  the  Shadow  register, 
which  is  described  in  Chapter  2. 

♦  Memory  banks:  The  language-card  space  is  a  feature  both  of  bank  $00  and  of  bank 

$01.  Refer  to  the  section  "Bank  $01  (Auxiliary  Memory),"  later  in  this  chapter,  for  more 
information. 

When  the  language-card  feature  is  enabled,  the  memory  address  space  from  $D000  through 
$FFFF  is  doubly  allocated:  It  is  used  for  both  ROM  and  RAM.  The  12K  of  ROM  in  this 

address  space  contains  the  Monitor  program  and  the  Applesoft  BASIC  interpreter. 
Alternatively,  there  are  16K  of  RAM  in  this  space.  The  RAM  is  normally  used  by  the  disk 

operating  system. 

You  may  be  wondering  why  this  part  of  memory  has  such  a  split  personality.  Some  of  the 
reasons  are  historical:  The  Apple  IlGS  is  able  to  run  software  written  for  a  standard 

Apple  II  because  it  uses  this  part  of  memory  in  the  same  way  a  standard  Apple  II  does.  It's 
convenient  to  have  the  Applesoft  BASIC  interpreter  in  ROM,  but  the  Apple  IlGS  is  also 
able  to  use  that  address  space  for  other  things  when  Applesoft  is  not  needed. 

You  may  also  be  wondering  how  16K  of  RAM  are  mapped  into  only  12K  of  address  space. 

The  usual  answer  is  that  it's  done  with  mirrors,  and  that  isn't  a  bad  analogy:  The  4K  address 
space  from  $D000  through  $DFFF  is  used  twice. 
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Switching  different  blocks  of  memory  into  the  same  address  space  is  called  bank 

switching.  There  are  actually  two  examples  of  bank  switching  going  on  here:  First,  the 

entire  address  space  from  SDOOO  through  $FFFF  is  switched  between  ROM  and  RAM,  and 

second,  the  address  space  from  $D000  to  $DFFF  is  switched  between  two  different 
blocks  of  RAM.  If  the  language  card  is  not  enabled,  the  first  of  these  blocks  of  RAM, 

block  1,  occupies  address  space  from  SCOOO  to  $CFFF,  as  shown  in  Figure  3-4.  (Note  that 
the  banks  involved  here  are  not  the  same  as  the  64K  memory  banks.) 

Figure  3-4        Language-card  memory  map 
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Setting  language-card  bank  switches:  You  switch  banks  in  the  language-card  space  in 
the  same  way  you  switch  other  functions  in  a  standard  Apple  II:  by  using  soft  switches. 

Read  operations  to  the  soft-switch  locations  do  three  things:  select  either  RAM  or  ROM  in 
this  memory  space,  enable  or  inhibit  writing  to  the  RAM,  and  select  the  first  or  second  4K 

bank  of  RAM  in  the  address  space  SDOOO  to  $DFFF. 

A  Warning  Do  not  use  these  switches  without  careful  planning.  Careless  switching 

between  RAM  and  ROM  is  almost  certain  to  have  catastrophic  effects 

on  your  program.  ▲ 

Table  3-1  shows  the  addresses  of  the  soft  switches  for  enabling  all  combinations  of 
reading  and  writing  in  this  memory  space.  All  the  hexadecimal  values  of  the  addresses  are 
of  the  form  $C08x.  Notice  that  several  addresses  perform  the  same  function:  This  is 

because  the  functions  are  activated  by  single  address  bits.  For  example,  any  address  of 

the  form  $C08x  with  a  1  in  the  low-order  bit  enables  the  RAM  for  writing.  Similarly,  bit  3 
of  the  address  selects  which  4K  block  of  RAM  to  use  for  the  address  space  $D000  to 

$DFFF;  if  bit  3  is  0,  the  first  bank  of  RAM  is  used,  and  if  bit  3  is  1,  the  second  bank  is  used. 
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When  RAM  is  not  enabled  for  reading,  the  ROM  in  this  address  space  is  enabled.  Even 

when  RAM  is  not  enabled  for  reading,  it  can  still  be  written  to  if  it  is  write-enabled. 

Table  3-1  Language-card  bank-select  switches 

Name Action Location Function 

R 
$C080 

ROMIN RR 
$C081 

R 
$C082 

LCBANK2 
RR 

$C083 

R 
$C088 

RR $C089 

R 
$C08A 

RR 
$C08B 

RDLCBNK2 

R7 

$C011 

RDLCRAM 
R7 

$C012 

SETSTDZP W 
$C008 

SETALTZP W $C009 

RDALTZP 
R7 

$C016 

Read  this  location  to  read  RAM,  write- 
protect  RAM,  and  use  $D000  bank  2. 

Read  this  location  twice  to  read  ROM, 

write-enable  RAM,  and  use  $D000 
bank  2. 

Read  this  location  to  read  ROM,  write- 
protect  RAM,  and  use  $D000  bank  2. 

Read  this  location  twice  to  read  RAM, 

write-enable  RAM,  and  use  $D000 
bank  2. 

Read  this  location  to  read  RAM,  write- 
protect  MM,  and  use  $D000  bank  1. 
Read  this  location  twice  to  read  ROM, 

write-enable  RAM,  and  use  $D000 
bank  1. 

Read  this  location  to  read  ROM,  write- 
protect  RAM,  and  use  $D000  bank  1. 
Read  this  switch  twice  to  read  RAM, 

write-enable  RAM,  and  use  $D000 
bank  1. 

Read  this  location  and  test  bit  7  for 

switch  status:  $D000  bank  2  (1)  or 
bank  1  (0). 

Read  this  location  and  test  bit  7  for 

switch  status:  RAM  (1)  or  ROM  (0). 

Write  this  location  to  use  main  bank, 

pageO  and  page  1. 
Write  this  location  to  use  auxiliary 

bank,  page  0  and  page  1. 
Read  this  location  and  test  bit  7  for 

switch  status:  auxiliary  (1)  or  main  (0) 
bank. 

Chapter  3  Memory         37 



When  you  turn  power  on  or  reset  the  Apple  IlGS,  the  bank  switches  are  initialized  for 

reading  from  the  ROM  and  writing  to  the  RAM,  using  the  second  bank  of  RAM.  Note  that 

this  is  different  from  the  reset  on  the  Apple  II  Plus,  which  doesn't  affect  the  bank- 

switched  memory  (the  language  card).  On  the  Apple  IlGS,  you  can't  use  the  reset  key 
sequence  to  return  control  to  a  program  in  bank-switched  memory,  as  you  can  on  the 

Apple  II  Plus. 

♦  Reading  and  writing  to  RAM  banks:  You  can't  read  one  RAM  bank  and  write  to  the 
other;  if  you  select  either  RAM  bank  for  reading,  you  get  that  one  for  writing  as  well. 

♦  Reading  RAM  and  ROM:  You  can't  read  from  ROM  in  part  of  the  bank-switched 
memory  and  read  from  RAM  in  the  rest.  Specifically,  you  can't  read  the  Monitor 
program  in  ROM  while  reading  bank-switched  RAM.  If  you  want  to  use  the  Monitor 

firmware  with  a  program  in  bank-switched  RAM,  copy  the  Monitor  program  from  ROM 

(locations  $F800  through  $FFFF)  into  bank-switched  RAM.  You  can't  do  this  from Pascal  or  ProDOS. 

To  see  how  to  use  these  switches,  look  at  the  following  section  of  an  assembly-language 

program: 

*SELECT  2ND  4K  BANK  &  READ/WRITE 
*BY  TWO  CONSECUTIVE  READS 
*SET  UP . . . 
* . . .NEW. . . 

* . . .MAIN-MEMORY. . . 
*. . .POINTERS. . . 

*.  .  .FOR  12K  BANK 
*SELECT  1ST  4K  BANK 
*USE  ABOVE  POINTERS 

*SELECT  1ST  BANK  &  WRITE  PROTECT 

*  SELECT  2ND  BANK  &  WRITE  PROTECT 

*SELECT  1ST  BANK  &  READ/WRITE 
*BY  TWO  CONSECUTIVE  READS 
*FLAG  RAM  IN  READ/WRITE 

LDA $C083 
LDA $C083 
LDA #$D0 
STA BEGIN 
LDA #$FF 
STA END 

JSR YOURPRG 

LDA $C08B 
JSR YOURPRG 

LDA $C088 
LDA #$80 
INC SUM 
JSR YOURSUB 
LDA $C080 
INC SUM 
LDA #PAT12K 
JSR YOURSUB 
LDA $C08B 
LDA $C08B 
INC NUM 
INC SUM 

The  LDA  instruction,  which  performs  a  read  operation  to  the  specified  memory  location, 

is  used  for  setting  the  soft  switches.  The  unusual  sequence  of  two  consecutive  LDA 

instructions  performs  the  two  consecutive  reads  that  write-enable  this  area  of  RAM;  in  this 
case,  the  data  that  are  read  are  not  used. 
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Reading  bank  switches:  You  can  find  out  which  language-card  bank  is  currently 
switched  in  by  reading  the  soft  switch  at  $C011.  You  can  find  out  whether  the  language 

card  or  ROM  is  switched  in  by  reading  $C012.  The  only  way  that  you  can  find  out  whether 

or  not  the  language-card  RAM  is  write-enabled  is  by  trying  to  write  some  data  to  the  card's 
RAM  space. 

The  State  register 

The  State  register  is  a  read/write  register  containing  eight  commonly  used  standard 

Apple  II  soft  switches.  Compared  to  the  use  of  separate  soft  switches,  the  single-byte 
format  of  the  State  register  simplifies  the  process  of  interrupt  handling.  Reading  and 

storing  this  byte  before  executing  interrupt  routines  allows  you  to  restore  the  system  soft 

switches  to  the  previous  state  in  minimum  time  after  returning  from  the  interrupt  routine. 

Write  operations  to  the  State  register  will  slow  the  system  momentarily.  (See  Figure  3-5 
and  Table  3-2.) 

Warning  Be  careful  when  changing  bits  within  this  register.  Use  only  a  read- 
modify-write  instruction  sequence  when  manipulating  bits.  See  the 
warning  in  the  preface.  ▲ 

Figure  3-5        State  register  at  $C068 
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Table  3-2  Bits  in  the  State  register 

Bit  Value  Description 

6 1 

0 

5 1 

0 

4 1 

0 

3 1 

0 

2 1 

0 

ALTZP:  If  this  bit  is  1,  then  bank-switched 
memory,  stack,  and  direct  page  are  in  main memory. 

If  this  bit  is  0,  then  bank-switched  memory, 
stack,  and  direct  page  are  in  auxiliary  memory. 

PAGE2:  If  this  bit  is  1,  text  Page  2  is  selected. 

If  this  bit  is  0,  text  Page  1  is  selected. 

RAMRD:  If  this  bit  is  1,  auxiliary  RAM  bank  is 
read-enabled. 

If  this  bit  is  0,  main  RAM  bank  is  read-enabled. 

RAMWRT:  If  this  bit  is  1,  auxiliary  RAM  bank  is 
write-enabled. 

If  this  bit  is  0,  main  RAM  bank  is  write-enabled. 

RDROM:  If  this  bit  is  1,  the  selected  language- 
card  ROM  is  read-enabled. 

If  this  bit  is  0,  the  selected  language-card  RAM 
bank  is  read-enabled. 

LCBNK2:  If  this  bit  is  1,  language-card  RAM  bank 
1  is  selected. 

If  this  bit  is  0,  language-card  RAM  bank  2  is 
selected. 

ROMBANK:  The  ROM  bank  select  switch  must 

always  be  0.  To  maintain  system  integrity,  do 
not  modify  this  bit. 

1  INTCXROM:  If  this  bit  is  1,  the  internal  ROM  at 
$CxOO  is  selected. 

0  If  this  bit  is  0,  the  peripheral-card  ROM  at  CxOO  is 
selected. 
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Bank  $01  (auxiliary  memory) 

♦   Apple  II  note:  The  following  sections  describe  the  operation  of  the  auxiliary  memory 
(bank  $01)  as  it  applies  to  programs  originally  written  for  the  Apple  lie  or  for  128K 

versions  of  the  Apple  He.  Programs  written  specifically  for  the  Apple  IlGS  don't 
normally  use  bank  $01  in  this  fashion,  but  use  the  Memory  Manager  to  obtain  whatever 
memory  space  they  need,  without  specifying  whether  it  is  in  bank  $00,  bank  $01,  or 
expansion  memory  in  higher  banks. 

When  display  shadowing  is  on,  some  of  the  display  modes  use  memory  in  auxiliary 

memory  (bank  $01).  Specifically,  half  of  the  80-column  text  display  page  is  there,  along 
with  half  of  each  of  the  Double  Hi-Res  graphics  display  pages  and  all  of  the  Super  Hi-Res 
display  buffer,  if  those  displays  are  shadowed.  For  descriptions  and  memory  maps  of 
those  display  pages,  refer  to  Chapter  4.  Apple  II  programs  that  use  one  of  those  display 
modes  cannot  use  the  corresponding  pages  of  bank  $01  for  program  and  data  storage. 

▲  Warning  Do  not  attempt  to  switch  in  the  auxiliary  memory  from  a  BASIC 
program.  The  BASIC  interpreter  uses  several  areas  in  main  RAM, 
including  the  stack  and  the  direct  page.  If  you  switch  to  alternate 
memory  in  these  areas,  the  BASIC  interpreter  fails  and  you  must  reset 
the  system  and  start  over.  ▲ 

As  you  can  see  by  studying  the  memory  map  in  Figure  3-6,  the  auxiliaiy  memory  is  divided 
into  two  large  sections  and  one  small  one.  The  largest  section  is  switched  into  the  memory 
address  space  from  512  to  49151  ($0200  through  $BFFF).  This  space  includes  the  display 

buffer  pages:  Space  in  auxiliary  memory  is  used  for  one-half  of  the  80-column  text  display 
and  the  Double  Hi-Res  graphics  display.  You  can  switch  to  the  auxiliary  memory  for  this 

entire  memory  space,  or  you  can  switch  just  the  display  pages:  See  the  section  "Bank 
Switching  for  Auxiliary  Memory,"  later  in  this  chapter. 

A    Important      A  program  that  uses  auxiliary  memory  only  for  the  80-column  display 
can  write  into  the  display  page  in  auxiliary  memory  by  using  the 
SET80COL  and  TXTPAGE2  soft  switches  described  in  the  section 

"Display  Mode  Switching"  in  Chapter  4.  _., 
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The  other  large  section  of  auxiliary  memory  is  the  language-card  space,  which  is  switched 
into  the  memory  address  space  from  52K  to  64K  ($D000  through  $FFFF).  This  memory 

space  and  the  switches  that  control  it  are  described  eariier  in  this  chapter  in  the  section 

"Language-Card  Memory  Space."  The  language-card  soft  switches  have  the  same  effect  on 
the  auxiliary  RAM  that  they  do  on  the  main  RAM:  The  language-card  bank  switching  is 
independent  of  the  auxiliary  RAM  switching. 

Figure  3-6        Memory  map  of  main  and  auxiliary  memory 
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♦   Note:  The  soft  switches  for  the  language-card  memory,  described  in  the  previous 
section,  do  not  change  when  you  switch  to  auxiliary  RAM.  In  particular,  if  ROM  is 

enabled  in  the  language-card  space  before  you  switch  to  auxiliary  memory,  the  ROM 
will  still  be  enabled  after  you  switch.  Any  time  you  switch  the  language-card  section  of 
auxiliary  memory  in  and  out,  you  must  also  make  sure  that  the  bank  switches  are  set 

properly. 

When  you  switch  in  the  auxiliary  RAM  in  the  language-card  space,  you  also  switch  in  the 
first  two  pages,  from  0  to  511  ($0000  through  $01FF).  This  part  of  memory  contains  the 
direct  page  and  the  65C816  stack  when  running  in  6502  emulation  mode.  The  stack  and 
direct  page  are  switched  this  way  so  that  standard  Apple  II  system  software  running  in 

the  language-card  space  can  maintain  its  own  stack  and  direct  page  while  it  manipulates 
the  48K  address  space  (from  $0200  to  $BFFF)  in  either  main  memory  or  auxiliary  memory. 

Bank  switching  for  auxiliary  memory 

Switching  the  48K  section  of  memory  is  performed  by  two  soft  switches:  The  switches 
named  RDMAINRAM  and  RDCARDRAM  select  main  or  auxiliary  memory  for  reading,  and 
the  switches  named  WRMAINRAM  and  WRCARDRAM  select  main  or  auxiliary  memory  for 

writing.  As  shown  in  Table  3-3,  there  are  two  switches  for  each  function:  one  to  select  main 
memory,  and  the  other  to  select  auxiliary  memory.  Enabling  the  read  and  write  functions 
independently  makes  it  possible  for  a  program  whose  instructions  are  being  fetched  from 
one  memory  space  to  store  data  into  the  other  memory  space. 

▲  Warning  Do  not  use  these  switches  without  careful  planning.  Careless  switching 
between  main  and  auxiliary  memories  is  almost  certain  to  have 
catastrophic  effects  on  the  operation  of  your  program,  ▲ 

Writing  to  the  soft  switch  at  location  $C003  turns  RDCARDRAM  on  and  enables  auxiliary 
memory  for  reading;  writing  to  location  $C002  turns  RDMAINRAM  on  and  enables  main 
memory  for  reading.  Writing  to  the  soft  switch  at  location  $C005  turns  WRCARDRAM  on 
and  enables  the  auxiliary  memory  for  writing;  writing  to  location  $C004  turns 
WRMAINRAM  on  and  enables  main  memory  for  writing.  By  setting  these  switches 
independently,  you  can  use  any  of  the  four  combinations  of  reading  and  writing  in  main  or 
auxiliary  memory. 

You  can  use  auxiliary  memory  corresponding  to  text  Page  1  and  Hi-Res  graphics  Page  1  as 
part  of  the  address  space  from  $0200  to  $BFFF  by  using  RAM  read  and  RAM  write  soft 
switches  as  described  above.  You  can  also  control  these  areas  in  auxiliary  RAM  separately 
by  using  the  switches  named  SET80COL,  TXTPAGE2,  and  HIRES. 
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Table  3-3         Auxiliary-memory  select  switches 

Name Function 
Location 

Hex  Dec Notes 

RDCARDRAM Read  auxiliary  memory 
$C003 49155 

Write 

RDMAINRAM Read  main  memory 
$C002 

49154 Write 

RDRAMRD Read  switch  status $C013 
49171 Read  and  test  bit  7 

(l=auxiliary,  0=main) 

WRCARDRAM Write  auxiliary  memory $C005 49157 Write 

WRMAINRAM Write  main  memory 
$C004 

49156 Write 

RDRAMWRT Read  switch  status 
$C014 

49172 Read  and  test  bit  7 

(l=auxiliary,  0=main) 

SET80COL Access  display  page SCOOl 
49153 

Write 

CLR80COL Use  RAM  switches  ($C002-5,13,14) scooo 49152 
Write 

RD80COL Read  switch  status 
$C018 

49176 Read  and  test  bit  7 

(l=80-column  access  on, 
0=80-coiumn  access  ofO 

TXTPAGE2 
Text  Page  2  on  (auxiliary  memory)* 

$C055 49237 Read  or  write 

TXTPAGEl 
Text  Page  1  on  (main  memory)* $C054 49236 Read  or  write 

RDPAGE2 Read  switch  status 
$C01C 

49180 
Read  and  test  bit  7 

(l=Page  2,  0=Page  1) 

HIRES Access  Hi-Res  pagesf $C057 
49239 

Read  or  write 
LORES Use  RAM  switches  ($C002-5,13,l4)t $C056 

49238 Read  or  write 
RDHIRES Read  switch  status SCOID 

49181 
Read  and  test  bit  7 

(1=HIRES  on,  0=ofO 

SETALTZP Auxiliary  stack  and  direct  page $C009 49161 
Write 

SETSTDZP Main  stack  and  direct  page 
$C008 49160 

Write 

RDALTZP Read  switch  status SC016 49174 
Read  and  test  bit  7 

(l=auxiliary,  0=main) 

*      When  SET80COL  is  enabled,  TXTPAGE2  and  TXTPAGEl  select  main  or  auxiliar>'  display  memory. 

t      When  SET80COL  is  enabled,  HIRES  and  LORES  enable  you  to  use  TXTPAGE2  and  TXTPAGEl  to  switch 

between  the  Hi-Res  Page  1  area  in  main  memory  or  auxiliary  memory. 

As  shown  in  Table  3-3,  the  SET80COL  switch  functions  as  an  enabling  switch:  With  it  on, 

you  can  select  main  memory  or  auxiliary  memory  by  writing  to  either  TXTPAGEl  or 

TXTPAGE2.  With  the  HIRES  switch  off,  the  memory  space  switched  by  TXTPAGE2  is  text 

Page  1  ($0400  to  $07FF);  with  HIRES  on,  TXTPAGE2  switches  both  text  Page  1  and  Hi-Res 
graphics  Page  1  ($2000  to  $3FFF). 
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If  you  are  using  both  the  auxiliary  RAM  control  switches  (SET80COL,  CLR80COL, 
TXTPAGEl,  TXTPAGE2,  and  HIRES)  and  the  auxiliary  display  page  control  switches 
(RDMAINRAM,  RDCARDRAM,  WRMAINRAM,  and  WRCARDRAM),  the  display  page 
control  switches  take  priority.  That  is,  if  CLR80COL  is  on,  the  RAM  read  and  write 
switches  toggle  the  entire  auxiliary  and  main  memory  space  from  $0200  to  $BFFF. 

If  SET80COL  is  on,  the  RAM  switches  have  no  effect  on  the  display  page;  if  SET80COL  is 
on  and  LORES  is  on,  the  TXTPAGEl  and  TXTPAGE2  switches  control  text  Page  1, 
regardless  of  the  settings  of  the  RAM  read  and  write  switches.  Likewise,  if  SET80COL  and 

HIRES  are  both  on,  TXTPAGEl  and  'rXTPAGE2  control  both  text  Page  1  and  Hi-Res graphics  Page  1,  again  regardless  of  the  RAM  read  and  RAM  write  switches. 

A  single  soft  switch  named  ALTZP  (for  alternate  zero  page)  switches  the  bank-switched 
memory  and  the  associated  stack  and  direct-page  area  between  main  and  auxiliary 
memory.  As  shown  in  Table  3-3,  writing  to  location  $C009  turns  ALTZP  on  and  selects 
auxiliary  memory  stack  and  direct  page;  writing  to  the  soft  switch  at  location  $C008  turns 
ALTZP  off  and  selects  main  memory  stack  and  direct  page  for  both  reading  and  writing. 

There  is  a  third  soft  switch  (RDRAMRD  and  RDRAMWRT)  associated  with  each  pair  of 
auxiliary  memory  switches  listed  above.  The  high-order  bits  of  the  byte  you  read  at  this 
location  tell  you  the  setting  of  the  associated  soft  switches.  For  example,  the  byte  you 
read  at  location  $C013  has  its  high  bit  set  to  1  if  the  auxiliary  memory  is  read-enabled,  or 
to  0  if  the  48K  block  of  main  memory  is  read-enabled. 

♦   Sharing  memory:  In  order  to  have  enough  memory  locations  for  all  the  soft  switches 
and  to  remain  compatible  with  the  Apple  II  and  Apple  II  Plus,  the  soft  switches  listed 
in  Table  3-3  share  their  memory  locations  with  the  keyboard  functions  listed  in 
Table  6-2.  The  read  or  other  operations  shown  in  Table  3-3  for  controlling  the  auxiliary 
memory  are  just  the  ones  that  are  not  used  for  reading  the  keyboard  and  clearing  the strobe. 

Banks  $E0  and  $E1 

Banks  $E0  and  $E1  are  the  memory  banks  controlled  by  the  Mega  II.  These  banks  have 
special  characteristics  that  make  it  appropriate  to  use  them  in  special  ways.  First,  they 
contain  the  display  buffers,  so  they  have  to  nin  at  the  standard  1.024-MHz  speed!  Second, 

because  these  banks  are  broken  up  by  the  special  allocations  shown  in  Figure  3-7,  they  are ' the  logical  place  for  working  storage  used  by  the  toolbox  and  other  firmware  programs. 
Using  banks  $E0  and  $E1  for  such  purposes  leaves  all  the  higher-speed  memory  in  the  low- 
numbered  banks  for  application  programs  and  data. 
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♦    Note:  In  banks  $E0  and  $E1,  language-card  mapping,  I/O  space,  and  display  buffers 
are  always  active. 

Figure  3-7        Memory  map  of  banks  $E0  and  $E1 
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The  display  buffers 

The  display  buffers  are  permanently  assigned  to  locations  in  banks  $E0  and  $E1  because 

they  are  tied  directly  to  the  hardware — the  Mega  II  IC— that  reads  the  data  stored  there 

and  generates  the  display  signals.  Display-memory  shadowing  makes  it  possible  to  run  old- 
style  Apple  II  programs  that  store  display  data  in  banks  $00  and  $01,  as  described  earlier 

in  this  chapter  in  the  section  "Shadowed  Display  Spaces,"  and  in  Chapter  2. 

The  primary  text  and  Lo-Res  graphics  display  buffers  occupy  memory  locations  $0400 
through  $07FF  in  banks  $E0  and  $E1.  The  1024-byte  area  in  bank  $E0  is  text  Page  1,  the 

display  buffer  for  40-column  text  mode.  The  80-column  text  display  uses  text  Page  1 
locations  in  both  bank  $E0  and  bank  $E1.  The  Control  Panel  and  other  firmware  programs 

use  these  display  buffers,  so  applications  must  not  use  them  for  program  or  data  storage. 
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Text  Page  2,  the  alternate  text  and  Lo-Res  graphics  display  buffer,  occupies  memory 
locations  $0800  through  $OBFF.  Most  programs  do  not  use  text  Page  2  for  displays,  and 

the  original  Apple  IlGS  doesn't  shadow  it.  The  1  MB  Apple  IlGS  has  a  bit  in  the  Shadow 
register  that  allows  you  to  enable  shadowing  of  text  Page  2. 

There  are  two  Hi-Res  graphics  buffers,  each  of  which  requires  8192  bytes  (8K)  of  memory. 

Hi-Res  graphics  Page  1  occupies  memory  locations  $2000  through  S3FFF  in  bank  $E0.  Hi- 
Res  graphics  Page  2  occupies  memory  locations  $4000  through  $5FFF  in  bank  $E0. 

The  Double  Hi-Res  graphics  buffers  require  a  total  of  16384  bytes  each,  8192  in  each  bank. 

Double  Hi-Res  graphics  Page  1  occupies  memory  locations  $2000  through  $3FFF  in  banks 
$E0  and  $E1.  Double  Hi-Res  graphics  Page  2  occupies  memory  locations  $4000  through 
$5FFF  in  banks  $E0  and  $E1. 

The  Super  Hi-Res  graphics  display  buffer,  with  its  associated  palette  and  scan-line  control 
data  storage,  occupies  32K  of  memory  at  locations  $2000  through  $9FFF  in  bank  $E1. 

Note  that,  unlike  the  other  Hi-Res  graphics  displays,  it  doesn't  use  any  space  in  bank  $E0. 

In  principle,  programs  that  don't  use  specific  displays  can  use  the  corresponding  display 
buffers  for  data  storage.  In  practice,  programs  call  on  the  Memory  Manager  to  allocate 

space  for  data  storage,  and  the  Memory  Manager  keeps  track  of  which  display  spaces  are 

available.  If  you  try  to  load  your  programs  and  data  directly  into  display  memory  in  banks 

$E0  and  $E1,  you  risk  interference  from  desk  accessories  or  other  programs  that  may  be 
resident  in  memory  along  with  your  programs. 

Firmware  workspace 

As  described  in  the  previous  section,  banks  $E0  and  $E1  are  always  broken  up  by  display 
buffers,  so  they  are  the  logical  place  for  working  storage  used  by  the  toolbox  and  other 

system  programs.  Figure  3-7  shows  the  memory  areas  reserved  for  those  programs. 

Several  different  system  programs  use  RAM  space  in  banks  $E0  and  $E1,  including 

■  the  Monitor  program 

■  desk  accessories 

■  the  Memory  Manager 

■  the  Tool  Locator 

■  the  Apple  Desktop  Bus  tool  set 

■  the  AppleTalk  driver 

In  addition,  portions  of  banks  $E0  and  $E1  are  reserved  for  future  use.  For  specific  uses 
of  these  programs  and  utilities,  refer  to  the  Apple  IlGS  Firmware  Reference. 
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▲  Warning  Several  of  the  built-in  programs  use  RAM  areas  in  banks  $E0  and  $E1. 
To  avoid  conflicts  with  those  programs,  applications  must  not  use 
these  areas;  instead,  applications  should  request  memory  from  the 
Memory  Manager.  Refer  to  the  Apple  IlGS  Toolbox  Reference  for 
information  about  the  Memory  Manager.  ▲ 

Apple  II  program  memory  use 

Eadier  models  of  the  Apple  II  use  a  microprocessor,  the  6502,  that  can  address  only  65536 
bytes  (64K)  of  memory.  The  Apple  He  and  the  Apple  lie  double  this,  to  128K,  by 
switching  to  an  auxiliary  64K  bank.  In  order  for  programs  written  for  these  machines  to  run 
on  an  Apple  IlGS,  all  of  the  Apple  II  features  must  be  present  in  the  part  of  memory  that 

corresponds  to  main  and  auxiliary  memory— banks  $00  and  $01.  This  section  describes 
those  features. 

Banks  $00  and  $01 

For  standard  Apple  II  programs,  banks  $00  and  $01  take  on  the  features  of  the  main  and 
auxiliary  banks.  With  the  65C816  microprocessor  nmning  in  emulation  mode  and 
shadowing  set  appropriately,  all  of  the  standard  features  are  present,  including 

■  direct  (zero)  page,  from  $0000  to  $OOFF  of  bank  $00 

■  stack,  from  $0100  to  $01FF  of  bank  SOO 

■  text  Page  1,  from  $0400  to  $07FF  of  both  banks 

■  text  Page  2,  from  $0800  to  $OBFF  of  both  banks  (available  in  the  1  MB  Apple  IlGS only) 

■  Hi-Res  graphics  Page  1,  from  $2000  to  $3FFF  of  bank  $00 

■  Hi-Res  graphics  Page  2,  from  $4000  to  $5FFF  of  bank  $00 

■  Double  Hi-Res  graphics  Page  1,  from  $2000  to  $3FFF  of  both  banks 

■  Double  Hi-Res  graphics  Page  2,  from  $4000  to  $5FFF  of  both  banks 

■  I/O  space,  from  $C000  to  $CFFF  of  either  bank 

■  language-card  space,  from  $D000  to  $FFFF  of  both  banks 

Figure  3-3  is  a  memory  map  of  banks  $00  and  $01  showing  these  features. 
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shadowing 

The  display  buffers  in  tfie  Apple  IlGS  are  located  in  banks  $E0  and  SEl,  as  described  eariier 

in  this  chapter.  For  compatibility  with  standard  Apple  II  programs,  shadowing  must  be 

switched  on  for  the  display  buffers  needed  by  those  programs.  For  more  information 

about  shadowing,  refer  to  Chapter  2  and  to  the  section  "Shadowed  Display  Spaces"  eariier 
in  this  chapter. 

Screen  holes 

When  shadowing  is  on  for  text  Page  1,  programs  and  peripheral  cards  that  use  the  text 

Page  1  locations  known  as  the  screen  holes  run  normally.  For  more  information  about  the 

screen  holes,  refer  to  the  section  "Peripheral-Card  RAM  Space"  in  Chapter  8. 

Memory  expansion 

The  original  Apple  IlGS  has  256K  of  RAM  and  128K  of  ROM  built  in,  and  the  1  MB  Apple 
IlGS  has  1  MB  RAM  and  256K  of  ROM.  This  memory  can  be  expanded  to  a  total  of  5  MB  of 

RAM  (4  MB  RAM  on  a  memory  expansion  card),  and  1  MB  total  ROM  (768K  ROM  on  a 

memory  expansion  card).  Memory  expansion  up  to  8  MB  of  RAM  is  possible  by  using  the 

memory  expansion  slot,  but  complications  requiring  memory  support  logic  keep  this 

expansion  from  being  practical.  The  hardware  and  firmware  in  the  Apple  IlGS  are  designed 

to  support  only  a  5  MB  maximum  memory  space.  Addresses  above  8  MB  are  not  available 

to  applications  programs. 

The  memory  expansion  slot 

The  extended  memory-card  slot  enables  you  to  expand  the  niemoiy  of  your  Apple  IlGS  by 
adding  a  memory  card  holding  up  to  4  MB  of  RAM  and  786K  of  ROM  memory.  The  slot 

supports  additional  memory  only  and  is  not  to  be  used  for  any  other  purpose.  RAM  cards 
of  1  MB  or  4  MB  can  be  constructed  by  using  256K  rows  or  1  MB  rows  of  RAM  ICs. 
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Memory  expansion  signals 

The  memory  expansion  slot  provides  a  group  of  signals  to  support  dynamic  RAM  and 
additional  general  purpose  signals  to  support  ROM  decoding  and  selection. 

Figure  3-8  shows  these  signals  available  at  the  pins  of  the  memory  expansion  slot.  Table  3-4 
describes  each  of  the  signals. 

Figure  3-8        Memory  expansion  slot 
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Table  3-4  Memory-card  interface  signals 

Fin 
Signal Description 

FRAO-9 

12 FR/W 

17 
/CCAS 

18-19 
CROWO-1 20 
/CROMSEL 

26 
/CSEL 

27 
MSIZE 

D0-D7 

31 02CLK 

AlO-15 

32 

ABOR 

35 /CRAS +5V 

10  bits  of  multiplexed  RAM  address  for  RAM  cycles— 
the  10  least  significant  bits  of  the  ROM  address 

Write  enable  to  RAMs;  R/W  from  microprocessor  or 

DMA 
RAM  column  address  strobe 

2  bits  select  one  of  four  RAM  rows 

Card  ROM  select;  low  for  accesses  to  banks  $F0-$FD 
Card  data  buffer  direction  control;  signal  goes  high 

when  reading  card  data 

Output  from  card;  indicates  RAM  row  size 

8  bits  of  bidirectional  data— microprocessor  data  bus 

Microprocessor  clock;  rising  edge  indicates  valid  bank 

address  on  D0-D7 

The  6  high-order  address  bits;  used  to  decode  ROM 
address 

Connects  to  65C816  ABORT  pin 

RAM  row  address  strobe 

+5  volts  ±  5  percent;  600  mA  maximum 

Extended  RAM 

Using  dynamic  RAM  ICs  available  when  the  Apple  IIGS  was  introduced,  up  to  4  MB  of  RAM 
can  be  installed  in  the  extended  memory  card.  That  much  memory  corresponds  to  64 

banks  of  64K  each.  The  memory  on  the  card  is  organized  as  4  rows  of  8  ICs  each.  With  256- 
kilobit-by-1-bit  RAMs,  each  row  would  hold  256K  for  a  total  of  1  MB;  with  1  megabit  by  1 
bit  RAMs,  each  row  would  hold  1  MB  for  a  total  of  4  MB. 

While  the  memory  expansion  slot  has  sufficient  address  lines  available  to  decode 

addresses  up  to  8  MB,  memory  expansion  cards  of  greater  than  4  MB  are  not 
recommended.  This  is  because  memory  expansion  locations  beyond  4  MB  cannot  be 

accessed  via  direct  memory  access  (DMA),  and  also  must  provide  on-board  memory 
refresh  support  circuitry  for  the  additional  memory  chips. 

To  control  and  select  individual  rows  of  RAM,  the  FPI  provides  /CRAS  (card  row  address 
strobe),  /CCAS  (card  column  address  strobe),  CROWO  (card  row  select  0),  and  CROWl 

(card  row  select  1)  signals.  Signals  /CRAS  and  /CCAS  are  the  basic  memory  timing  signals 
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common  to  most  dynamic  RAMs.  Signals  CROWD  and  CROWl  are  row  selects  that,  when 

taken  as  a  pair,  indicate  the  row  number  to  be  accessed.  Typically,  CROWD  and  CROWl 

are  used  as  the  select  signals  for  a  dual  l-of-4  decoder  (74F139  or  equivalent)  that 

demultiplexes  /CRAS  and  /CCAS  into  a  separate  /RAS  and  /CAS  for  each  8-chip  segment. 

Extended  RAM  mapping 

Figure  3-9  depicts  a  1  MB  extended  RAM  card  using  four  rows  of  256K  per  row,  totaling  1 
MB.  The  RAM  banks  above  bank  $11  are  ghosts  (repeated  images)  of  the  RAM  in  banks  $2 

through  $11.  A  partially  populated  card  causes  holes  in  the  memory  map  unless  there  is  an 
option  on  the  card  to  alter  the  address  decoding.  Therefore,  contiguous  memory  for 

banks  $2  through  $11  is  available  only  for  256K,  512K,  and  1  MB  expansion  cards  used  with 

the  256k  Apple  IlGS.  Memory  expansion  cards  using  256K,  512K,  768K,  and  1D24K  may  be 
used  with  the  1  MB  system. 

The  MSIZE  signal:  A  signal  on  the  memory  expansion  slot,  MSIZE,  flags  the  type  of 

memory  chips  being  used  on  the  memory  expansion  card.  If  the  MSIZE  pin  is  not 

connected  (when  using  256-kilobit  RAMs),  the  FPI  multiplexes  18  address  bits  onto  RAD 
through  RA8  and  generates  the  CROWD  through  CROWl  row  selects  for  rows  of  256K.  If  the 

MSIZE  pin  is  tied  to  ground  (for  1-megabit  RAMs),  the  FPI  multiplexes  2D  address  bits 
onto  RAD  through  RA9  and  generates  the  CROWD  and  CROWl  row  selects  for  rows  of  1  MB. 

Ghost  addresses:  A  1  MB  expansion  card  is  enabled  for  accesses  in  banks  $2  through  $8D 

in  the  256K  system,  and  banks  $1D  through  $80  in  the  1  MB  system.  The  card  provides  only 

1  MB  of  actual  RAM  (banks  $2  through  $11  in  the  256K  system,  and  banks  $10  through  $19 
in  the  1  MB  system).  CROW  0  and  CROWl  individually  select  four  rows  of  RAMs  on  the 

card.  For  a  1  MB  card  with  256K  rows  (MSIZE  =1),  the  selected  RAM  row  number  is  given 
by  the  bank  number  modulo  4.  For  banks  $00  and  $01  (banks  $00  through  $0F  in  the  1  MB 

Apple  IlGS  system),  the  extended  memory  card  is  not  accessed.  This  method  of  card  and 
row  selection  causes  multiple  images  or  ghosts  of  the  RAM  areas  on  the  card;  whenever 

accessing  addresses  beyond  the  RAM  expansion-card  limit  (hexadecimal  address  $FFFFF 
with  a  1  MB  card,  and  $3FFFFF  with  a  4  MB  card),  locations  in  a  corresponding  low  bank 
are  accessed. 

Extended  ROM 

Additional  ROM  space  (up  to  896K  in  the  256K  Apple  IlGS,  and  up  to  786K  in  the  1MB 

Apple  IlGS)  is  available  in  banks  $FD  through  $FD  ($FD  through  $FB  on  the  1MB  logic 

board).  To  obtain  this  additional  space,  an  additional  bank-address  latch-decoder  is 
required  on  the  memory  card.  The  FPI  provides  a  signal  (CROMSEL)  that  selects  one  bank; 

however,  the  card  must  provide  the  additional  decoding  to  select  individual  ROMs  within 
the  selected  bank. 
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Figure  3-9        Extended  RAM  mapping 

Memory  bank  mapping  of  a 

1  MB  expansion  card  in  a  1  MB 

Apple  IIGS  system 

Memory  bank  mapping  of  a 

1  MB  expansion  card  in  a  256K 

Apple  IIGS  system 

Main  board  - 
RAM 

Expansion  — card  RAM 

$0 SI 
S2 
$3 

$4 

$5 

$6 $7 
S8 
$9 

$A 

$B $C 
$D 

$E $F 
$10 

^^^S^SI Sll 

.   ..  . 

S12 $13 

$14 
V-   '•"•-   

S15 

$16 sr 
S18 

^ 
$19 L 
SIA 
SIB L 

$1C 
$1D 
$1E : 

SIF ^                         ^ 

Main  lioard- RAM 

Bank  SO 

SI 

Expansion  ■ 
card  RAM 

Ghost  addresses: 

$20,  $30,  $40,  $50,  $60.  $70 

S21,$31,  $4l,$51,  $61,$71 

S22,  $32,  $42,  $52.  $62,  $72 

S2D,$3D,$4D,$5D,S6D 

S2E,$3E,$4E,$5E,$6E 

S2F,$3F,$4F,$5F,$6F 

Ghost  addresses: 

$12,$22,$32,$42,$52,$62,$72 

$13,$23,$33,$43,$53,$63,$73 

$14,$24,$34,$44,$54,$64,$74 

$1E,$2E.$3E,S4E,$5E,$6E,$7E 

$1F,$2F,$3F,$4F,$5F,$6F,$7F 

$20,$30,$40,$50,$60,$70 

$21,$31,$41,$51,S6l,$71 

Chapter  3  Memory 53 



Address  multiplexing 

The  FPI  multiplexes  the  RAM  addresses  onto  either  eight,  nine,  or  ten  RAM  address  lines  to 
provide  support  for  RAM  with  64-kilobit,  256-kilobit,  or  1-megabit  RAM  ICs.  On  the  256K 
Apple  IIGS,  the  main  logic  board  RAMs  (banks  $00  and  $01)  are  64-kilobit  chips,  requiring 
eight  address  lines.  On  the  1  MB  Apple  IlGS,  the  main  logic  board  RAMs  (banks  $00 

through  $0F)  are  1-megabit  chips  requiring  ten  address  lines.  The  RAM  expansion  slot  can 
support  cards  using  256-kilobit-by-l-bit,  256-kilobit-by-4-bit,  1-megabit-by-l-bit,  or 
l-megabit-by-4-bit  RAMs.  The  expansion-card  manufacturer  indicates  word  size  of  the 
RAMs  on  the  memory  card  by  the  MSIZE  signal  from  the  card.  (See  "The  MSIZE  Signal," 
eariier  in  this  chapter.) 
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Chapter  4   The  Video  Displays 

The  Apple  IlGS  can  display  several  video  modes.  These  include  display 

modes  that  are  compatible  with  the  rest  of  the  Apple  II  family  (but  with 
some  enhancements  to  these  existing  modes)  and  some  completely  new 

display  modes.  These  new  video  modes  provide  higher  resolution, 

greater  color  flexibility,  and  greater  programming  ease  than  was 

previously  available  in  the  Apple  II  product  line.  This  chapter  describes 

■  enhancements  to  the  standard  Apple  II  video  modes 

■  new  video  features  including  the  new  video  display  modes 
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Apple  IIGS  display  features 

The  Apple  IlGS  brings  new  features  to  the  existing  Apple  11  video  modes.  These  include 
■  selectable  screen  border  color 

■  selectable  background  color 

■  selectable  text  color 

■  selectable  color  or  black-and-white  composite  video 

These  enhancements  are  described  in  this  chapter.  The  new  graphics  modes— Super 
Hi-Res  graphics  and  Color  Fill  mode— are  also  described  in  this  chapter. 

Video  from  the  Mega  II IC 

The  Mega  II  generates  all  video  information  in  standard  Apple  II  video  modes.  The  Mega 
11  outputs  a  4-bit  linear-weighted  binary  code,  which  represents  one  of  the  16  possible 
standard  Apple  II  colors.  This  digital  value  is  input  into  the  Video  Graphics  Controller 
(VGC)  and  is  used  as  a  look-up  address  for  an  equivalent  12-bit  resolution  RGB  color 
output  value. 

A  digital-to-analog  converter  changes  the  12-bit  color  code  into  three  analog  RGB  video 
signals.  The  RGB  output  signals  drive  the  video  amplifiers  and  the  NTSC  video  generator 
chip.  The  output  of  the  video  amplifier  boosts  the  the  RGB  signals,  while  the  NTSC  chip 
mixes  the  RGB  and  sync  signals,  resulting  in  a  composite  video  signal. 

The  Video  Graphics  Controller 

The  Video  Graphics  Controller  (VGC)  custom  IC  is  responsible  for  generating  all  video 
output.  The  VGC  provides  these  functions: 

■  takes  standard  Apple  II  video  information  from  the  Mega  II  and  generates  the  video 
output 

■  adds  enhancements  to  existing  Apple  II  video  modes 

■  supports  the  new  video  modes 

■  provides  interrupt  handling  for  two  interrupt  sources 
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The  VGC  generates  all  video  output  in  all  video  modes,  whereas  the  Mega  II  is  responsible 

for  maintaining  the  video  RAM.  All  write  operations  to  the  video  display  buffers  in  bank 

$E0  and  bank  $E1  are  done  via  the  Mega  II.  Figure  4-1  shows  the  relationships  of  the  VGC, 
Mega  II,  main  RAM,  and  auxiliary  RAM. 

I 

Figure  4-1        Video  components  in  the  Apple  IlGS 
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VGC  interrupts 

Video  display  in  the  Apple  IIGS  is  enhanced  by  VGC-generated  interrupts.  The  VGC 

generates  two  internal  interrupts:  the  one-second  interrupt  and  the  scan-line  interrupt. 

A  1-Hz  input  signal  from  the  real-time  clock  (RTC)  chip  sets  the  one-second  interrupt 
status  bit.  The  scan-line  interrupt  occurs  at  the  beginning  of  a  video  display  scan  line  that 
has  the  generate-interrupt  bit  set  in  the  corresponding  scan-line  control  byte.  Scan-line 
interrupts  are  generated  when  the  computer  is  operating  in  the  Super  Hi-Res  video 
graphics  modes  only,  and  are  not  available  in  other  video  modes. 

Figure  4-2  depicts  the  video  screen,  consisting  of  the  text  display  area  and  the  display 
border.  The  scan-line  interrupt  occurs  at  the  beginning  of  the  scan  line,  which  is  defined  as 
the  beginning  of  the  right-hand  border  area. 

Figure  4-2        Scan-line  interrupt 
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The  VGC  Interrupt  register 

The  VGC  Interrupt  register  ($C023)  contains  a  status  bit  and  an  enable  bit  for  each  of  the 

two  interrupts.  When  an  interrupt  occurs,  the  interrupt  status  bit  for  that  interrupt  is  set. 

The  VGC  interrupt  bit  (bit  7)  is  set  and  the  interrupt  request  (IRQ)  line  is  asserted  if  the 

interrupt  status  bit  and  interrupt  enable  bit  are  set  for  one  or  more  interrupts. 

You  enable  an  interrupt  by  writing  to  the  appropriate  positions  in  the  VGC  Interrupt 

register;  the  interrupt  source  hardware  sets  the  status  bits.  Software  can  directly 

manipulate  only  the  enable  bits  in  the  VGC  Interrupt  register;  writing  to  the  other  bit 

positions  has  no  effect.  Figure  4-3  shows  the  format  of  the  VGC  Interrupt  register. 
Table  4-1  gives  a  description  of  each  register  bit. 

A  Warning  Be  careful  when  changing  bits  within  this  register.  Use  only  a  read- 
modify-write  instruction  sequence  when  manipulating  bits.  See  the 
warning  in  the  preface.  ▲ 

I 

I 

Figure  4-3        VGC  Interrupt  register  at  $C023 
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Table  4-1  Bits  in  the  VGC  Interrupt  register 

Bit Value Description 

0 

6 1 

0 

5 1 

0 
4-3 - 

2 1 

0 

1 1 

0 

0 _ 

VGC  interrupt  status:  This  bit  is  set  when  the  interrupt 
bit  and  the  status  bit  are  set  for  one  or  more  of  the 
interrupts. 

This  bit  is  0  when  all  interrupts  have  been  cleared. 

One-second  interrupt  status:  1  =  interrupt  has  occurred. 

0  =  interrupt  is  cleared. 

A  scan-line  interrupt  status:  1  =  interrupt  has  occurred. 
0  =  interrupt  is  cleared. 
Reserved;  do  not  modify. 

One-second  interrupt  is  enabled. 

Interrupt  is  disabled. 

Scan-line  interrupt  is  enabled. 
Interrupt  is  disabled. 

Reserved;  do  not  modify. 

The  VGC  Interrupt-Clear  register 

Once  an  interrupt  has  occurred,  the  interrupt  routine  must  proceed  to  clear  the  interrupt 

and  take  some  predetermined  interrupt-handling  action.  To  clear  the  scan-line  and  one- 
second  status  bits,  write  a  0  into  the  corresponding  bit  position  in  the  VGC  Interrupt- 
Clear  register  at  $C032.  Bit  5  clears  the  scan-line  interrupt,  and  bit  6  clears  the  one-second 
interrupt  in  the  VGC  Interrupt-Clear  register.  Writing  a  1  into  these  positions  or  writing 
into  the  other  bit  positions  has  no  effect.  Figure  4-4  shows  the  format  of  the  VGC 
Interrupt-Clear  register.  Table  4-2  gives  a  description  of  each  bit. 

▲  Warning  Be  careful  when  changing  bits  within  this  register.  Use  only  a  read- 
modify-write  instruction  sequence  when  manipulating  bits.  See  the 
warning  in  the  preface.  ▲ 
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Figure  4-4        VGC  Interrupt-Clear  register  at  $C032 
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Table  4-2 Bits  in  the  VGC  Interrupt-Clear  register 

Bit Value Description 

7 - Reserved;  do  not  modify. 

6 1 Undefined  result. 

0 Write  a  0  here  to  clear  the  one-second  intermpt 
5 1 Undefined  result. 

0 Write  a  0  here  to  clear  the  scan-line  interrupt. 
4-0 - Reserved;  do  not  modify. 

Video  outputs 

The  Apple  IlGS  shares  several  display  modes  with  previous  Apple  II  computers.  The 

Apple  IlGS  supports  and  enhances  these  existing  Apple  II  video  modes: 

■  40-column  and  80-column  text  modes 

■  mixed  text/graphics  mode 

■  Lo-Res  graphics  mode 

■  Hi-Res  graphics  mode 

■  Double  Hi-Res  graphics  mode 
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Enhancements  to  the  existing  Apple  II  video  modes  include  the  following: 

■  The  ability  to  select  unique  text  and  background  colors  from  the  list  in  Table  4-3. 

■  The  ability  to  select  the  border  color  for  the  perimeter  of  the  video  image  on  an  RGB 

monitor;  you  can  choose  this  color  from  the  list  in  Table  4-3. 

■  The  ability  to  display  gray-scale  video;  you  can  display  color  video  output  on 
monochrome  monitors  in  shades  of  gray  rather  than  in  dot  patterns  that  represent 
color,  which  increases  contrast  between  graphics  colors  on  a  monochrome  monitor. 

■  Table  4-3  Text  and  background  colors 

Color 
value Color 

Color 

value Color 

$0 
Black 

$8 

Brown 

$1 
Deep  red 

$9 Orange 

$2 
Dark  blue 

$A 

Light  gray 

$3 Purple 

$B 

Pink 

$4 

Dark  green 

$C 

Green 
$5 Dark  gray 

$D 

Yellow 

$6 
Medium  blue 

$E 

Aquamarine 

$7 Light  blue 

$F 

White 

Removing  color  from  the  composite  video  signal  in  40-column  and  80-column  text  modes 
makes  text  more  readable.  Color  is  not  removed  when  the  computer  is  running  in  mixed 

text/graphics  modes,  and  the  four  lines  of  text  at  the  bottom  of  the  display  will  exhibit 
color  fringing  on  composite  color  monitors. 

Apple  II  video 

All  Apple  II  computers  can  display  video  in  several  different  ways,  displaying  text  as  well 
as  color  graphics.  The  standard  Apple  II  text  and  graphics  modes  are  discussed  here,  while 

the  new  Super  Hi-Res  graphics  modes  are  discussed  later  in  this  chapter. 
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The  primary  output  device  is  the  video  display.  You  can  use  any  ordinary  video  monitor, 

either  color  or  black-and-white,  to  display  video  information  from  the 
Apple  IlGS.  An  ordinary  monitor  is  one  that  accepts  composite  video  compatible  with  the 
standard  set  by  the  National  Television  Standards  Committee  (NTSC).  If  you  use  standard 

Apple  II  color  graphics  with  a  monochrome  (single-color)  monitor,  the  display  will  appear 
as  that  color  (black,  for  example)  and  various  patterns  made  up  of  shades  of  that  color. 

If  you  are  using  only  40-column  text  and  Lo-Res  graphics  modes,  you  can  use  a  television 
set  for  your  video  display.  If  the  television  set  has  an  input  connector  for  composite 

video,  you  can  connect  it  directly  to  your  computer;  if  it  does  not,  you'll  need  to  attach  a 
radio-frequenqr  (RF)  video  modulator  between  the  Apple  IlGS  and  the  television  set. 

♦   Note:  The  Apple  IlGS  can  produce  an  80-column  text  display.  However,  if  you  use  an 
ordinary  color  or  black-and-white  television  set,  80-column  text  will  be  too  blurry  to 

read.  For  a  clear  80-column  display,  you  must  use  a  high-resolution  video  monitor  with 
a  bandwidth  of  7  MHz  or  greater. 

The  specifications  for  the  video  display  are  summarized  in  Table  4-4. 

The  video  signal  produced  by  the  Apple  IlGS  is  NTSC-compatible  composite  color  video. 
It  is  available  at  two  places:  at  the  RCA-type  phono  jack  and  at  the  RGB  video  connector, 

both  on  the  back  of  the  computer.  Use  the  RCA-type  phono  jack  to  connect  a  composite 
video  monitor  or  an  external  video  modulator;  use  the  RGB  video  connector  to  connect 

an  analog-input  RGB  monitor. 

The  Apple  IlGS  can  also  display  Super  Hi-Res  graphics,  although  it  is  not  a  standard 

Apple  II  video  display  mode.  Super  Hi-Res  graphics  are  discussed  more  fully  later  in  this 
chapter. 
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Table  4-4  Standard  Apple  II  video  display  specifications 

Display  modes 

Text  capacity 

Character  set 

Display  formats 

Lo-Res  color  graphics 

Hi-Res  color  graphics 

Double  Hi-Res  color  graphics 

40-column  text;  map:  Figure  4-5. 

80-column  text;  map:  Figure  4-6. 

Lo-Res  color  graphics;  map:  Figure  4-7. 

Hi-Res  color  graphics;  map:  Figure  4-8. 

Double  Hi-Res  color  graphics;  map:  Figure  4-9. 

24  lines  by  80  columns  (character  positions). 

128  ASCII  characters.  (See  Appendix  C  for  a  list  of 

display  characters.) 

Normal,  inverse,  flashing,  MouseText  (Table  4-10). 

16  colors  (Table  4-14):  40  horizontal  by  48  vertical; 

map:  Figure  4-7. 
6  colors  (Table  4-15):  140  horizontal  by  192  vertical 

(restricted).  Black-and-white:  280  horizontal  by 

192  vertical;  map:  Figure  4-8. 

l6  colors  (Table  4-16):  140  horizontal  by  192  vertical  (no 

restrictions).  Black-and-white:  560  horizontal  by 

192  vertical;  map:  Figure  4-9. 

The  40-column  and  80-column  text  modes  can  display  all  128  ASCII  (American  Standard 
Code  for  Information  Interchange)  characters:  uppercase  and  lowercase  letters,  numbers, 

and  symbols.  (See  the  display  maps  in  Figures  4-5  and  4-6.)  The  Apple  IIGS  can  also  display 
MouseText  characters. 

Any  of  the  graphics  displays  can  have  four  lines  of  text  at  the  bottom  of  the  screen.  The 

text  may  be  either  40-column  or  80-column,  except  that  Double  Hi-Res  graphics  may  have 

only  80-column  text  at  the  bottom  of  the  screen.  Graphics  displays  with  text  at  the 
bottom  are  called  mixed-mode  displays. 

The  Lo-Res  graphics  display  is  an  array  of  colored  blocks,  40  wide  by  48  high,  in  any  of  l6 
colors.  (See  the  map  in  Figure  4-7.)  In  mixed  mode,  4  lines  of  text  replace  the  bottom  8 
rows  of  blocks,  leaving  40  rows  of  40  blocks  each. 

The  Hi-Res  graphics  display  is  an  array  of  pixels,  280  wide  by  192  high.  (See  the  map  in 
Figure  4-8.)  There  are  six  colors  available  in  Hi-Res  displays,  but  a  given  pixel  can  use  only 
four  of  the  six  colors.  If  color  is  used,  the  display  is  140  pixels  wide  by  192  high.  If 

monochrome  video  is  desired,  the  display  is  280  pixels  wide  by  192  high,  In  mixed  mode, 

the  four  lines  of  text  replace  the  bottom  32  rows  of  pixels,  leaving  l60  rows  of  140  (or  280) 

pixels  each. 
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The  Double  Hi-Res  graphics  display  uses  main  and  auxiliary  memory  to  display  an  array  of 
pixels,  560  wide  by  192  high.  (See  the  map  in  Figure  4-9.)  All  the  pixels  are  visible  in  black 
and  white.  If  color  is  used,  the  display  is  140  pixels  wide  by  192  high  with  16  colors 

available.  If  monochrome  video  is  desired,  the  display  is  560  pixels  wide  by  192  high.  In 

mixed  mode,  the  four  lines  of  text  replace  the  bottom  32  rows  of  pixels,  leaving  I60  rows 

of  140  (or  560)  pixels  each.  In  mixed  mode,  the  text  lines  can  be  80  columns  wide  only. 

Figure  4-5        Map  of  40-coiumn  text  Page  1  display  (Add  1024  [$400]  to  get  Page  2 
addresses.) 
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Figure  4-6        Map  of  80-column  text  display 
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Figure  4-7        Map  of  Lo-Res  graphics  Page  1  display  (Add  1024  [$400]  to  get 
Page  2  addresses.) 
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Figure  4-8        Map  of  Hi-Res  graphics  Page  1  display  (Add  8192  [$2000]  to  get 
Page  2  addresses.) 
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Figure  4-9        Map  of  Double  Hi-Res  graphics  display 
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NTSC  versus  RGB  video 

The  composite  video  signal,  available  at  the  composite  video  connector  at  the 

rear  of  the  Apple  IIGS  case,  will  drive  a  standard  NTSC  composite  color  video 
monitor. 

The  RGB  video  signals  are  three  separate  color  signals,  which  individually 

control  the  three  colors  (red,  green,  and  blue)  within  an  RGB  color  video 

monitor.  The  RGB  video  connector  is  located  at  the  rear  of  the  computer. 

Connect  only  an  RGB  video  monitor  with  analog  inputs  to  this  connector. 

Figure  4-10  shows  the  pin  diagram  of  this  connector,  and  Table  4-5  lists  the  signal 
associated  with  each  pin. 

■    Figure  4-10      RGB  video  connector 

©0©©©®©© 

Table  4-5 RGB  video  signals 

Fin 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 

11 

12 
13 

14 

Signal 
Description 

GND  Ground  reference  and  supply 

RED  Red  analog  video  signal 

COMP  Composite  sync  signal 

N.C.  No  connection 

GREEN  Green  analog  video  signal 

GND  Ground  reference  and  supply 

-5V  -5-volt  supply 

+12V  +12-volt  supply 

BLUE  Blue  analog  video  signal 

N.C.  No  connection 

SOUND  Analog  sound  output 

NTSC/PAL  Composite  video  output 

GND  Ground  reference  and  supply 

N.C.  No  connection 
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Video  display  pages 

The  Apple  IlGS  generates  its  video  displays  by  using  data  stored  in  specific  areas  in 

memory.  These  areas,  called  display  pages,  serve  as  buffers  where  your  programs  can  put 

data  to  be  displayed.  Each  byte  in  a  display  buffer  controls  an  object  at  a  certain  location 

on  the  display.  In  text  mode,  the  object  is  a  single  character;  in  Lo-Res  graphics  mode,  the 
object  is  two  stacked  colored  blocks;  and  in  Hi-Res  and  Double  Hi-Res  modes,  it  is  a  line 
of  seven  adjacent  pixels. 

The  40-column  text  and  Lo-Res  graphics  modes  use  two  display  pages  of  1024  bytes  each. 
These  are  called  text  Page  1  and  text  Page  2,  and  they  are  located  at  1024  through  2047 

($0400  through  $07FF)  and  2048  through  3071  ($0800  through  $0BFF)  in  main  memory. 

Normally,  only  text  Page  1  is  used,  but  you  can  put  text  or  graphics  data  into  text  Page  2 

and  switch  displays  instantly.  Either  page  can  be  displayed  as  40-column  text,  Lo-Res 
graphics,  or  mixed  mode  (four  rows  of  text  at  the  bottom  of  a  graphics  display). 

The  80-column  text  mode  displays  twice  as  much  data  as  the  40-column  mode— 1920 

bytes — but  it  cannot  switch  pages.  The  80-column  text  display  uses  a  combination  page 
made  up  of  text  Page  1  in  main  memory  plus  another  page  in  auxiliary  memory.  This 

additional  memory  is  not  the  same  as  text  Page  2 — in  fact,  it  occupies  the  same  address 
space  as  text  Page  1,  and  there  is  a  special  soft  switch  that  enables  you  to  store  data  into 

it.  (See  the  next  section,  "Display  Mode  Switching.'")  The  built-in  firmware  I/O  routines, 
described  in  the  Apple  IlGS  Firmware  Reference,  take  care  of  this  extra  addressing 

automatically;  that  is  one  reason  to  use  these  routines  for  all  your  normal  text  output. 

The  Hi-Res  graphics  mode  also  has  two  display  pages,  but  each  page  is  8192  bytes  long.  In 
the  40-column  text  and  Lo-Res  graphics  modes,  each  byte  controls  a  display  area  7  pixels 

wide  by  8  pixels  high.  In  Hi-Res  graphics  mode  each  byte  controls  an  area  7  pixels  wide  by 
1  pixel  high.  Thus,  a  Hi-Res  display  requires  8  times  as  much  data  storage,  as  shown  in 
Table  4-6. 

The  Double  Hi-Res  graphics  mode  uses  Hi-Res  graphics  Page  1  in  both  main  and  auxiliary 
memory.  Each  byte  in  those  pages  of  memory  controls  a  display  area  7  pixels  wide  by  1 

pixel  high.  This  gives  you  560  pixels  per  line  in  black  and  white,  and  140  pixels  per  line  in 

color.  A  Double  Hi-Res  display  requires  twice  the  total  memoiy  of  Hi-Res  graphics,  and  l6 
times  as  much  as  a  Lo-Res  display. 
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Table  4-6  Video  display  locations 

Display 

page 

Lowest  address 
Highest  address 

Display  mode Hex Dec Hex          Dec 

40-column  text, 

Lo-Res  graphics 

1 

2*
 

S0400 

$0800 

1024 
2048 

$07FF    2047 
$0BFF  3071 

80-column  text 1 

2*
 

$0400 

$0800 

1024 
2048 

$07FF    2047 
$OBFF  3071 

Hi-Res  graphics 1 

2 
$2000 

$4000 

8192 

16384 

$3FFF    16383 

$5FFF    24575 

Double  High-Res 

graphics 

It 
2t 

$2000 

$4000 

8192 

16384 

$3FFF    16383 

$5FFF    24575 

'      Lo-Res  graphics  on  Page  2  is  not  supported  by  firmware;  for  instructions  on  how  to  switch 

pages,  refer  to  the  next  section,  "Display  Mode  Switching." 

t      See  the  section  "Double  Hi-Res  Graphics"  later  in  this  chapter. 

Display  mode  switching 

You  select  the  display  mode  that  is  appropriate  for  your  application  by  reading  or  writing 

to  a  reserved  memory  location  called  a  soft  switch.  In  the  Apple  IlGS,  most  soft  switches 

have  three  memory  locations  reserved  for  them:  one  for  turning  the  switch  on,  one  for 

turning  it  off,  and  one  for  reading  the  current  state  of  the  switch. 

Table  4-7  shows  the  reserved  locations  for  the  soft  switches  that  control  the  display 

modes.  For  example,  to  switch  from  mixed  mode  to  full-screen  graphics  in  an  assembly- 

language  program,  you  could  use  the  instruction 
STA         $C052 

To  do  this  in  a  BASIC  program,  you  could  use  the  instruction 
POKE      49234,0 

Some  of  the  soft  switches  in  Table  4-7  must  be  read,  some  must  be  written  to,  and  for 

some  you  can  use  either  action.  When  writing  to  a  soft  switch,  it  doesn't  matter  what 
value  you  write;  the  action  occurs  when  you  address  the  location,  and  the  value  is  ignored. 
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Table  4-7  Display  soft  switches 

Name 

Action' 

Location Function 

CLR80COL  W 

SET80COL  W 

CLR80VID  W 

SET80VID  W 

CLRALTCHAR  W 

SETALTCHAR  W 

RD80COL  R7 

RDVBL  BAR  R7 

RDTEXT  R7 

RDMIX 

RD80VID 

R7 

RDPAGE2  R7 

RDHIRES  R7 

ALTCHARSET     R7 

R7 

RDDHIRES         R5 

$C000  (49152) 

SCOOl  (49153) 

$COOC  (49164) 

$COOD  (49165) 

$COOE  (49166) 

$COOF  (49167) 

SC018  (49176) 

$C019  (49177) 

$C01A  (49178) 

$C01B  (49179) 

SCOIC  (49180) 

$C01D  (49181) 

$C01E  (49182) 

$C01F  (49183) 

$C046  (49222) 

Disable  80-column  store. 

Enable  80-colurnn  store. 

Disable  80-column  hardware. 

Enable  80-colurnn  hardware. 

Normal  lowercase  character 

set;  flashing  uppercase 
character  set. 

Normal,  inverse  character  set; 
no  flashing. 

Read  CLR/SET80COL  switch: 

1  =  80-column  store  enabled. 

Read  vertical  blanking 

(VBL):  1  =  not  VBL. 
Read  TXTCLR/TXTSET 

switch:  1  =  text  mode 
enabled. 

Read  MIXCLR/MIXSET 

.switch:  1  =  mixed  mode 

enabled. 

Read  TXTPAGE1/TXTPAGE2 

switch:  1  =  text  Page  2 
selected. 

Read  HIRES  switch: 

1  =  Hi-Res  mode  enabled. 

Read 

CLRALTCHAR/SETALTCHAR 

switch:  1  =  alternate 
character  set  in  use. 

Read  CLR80VID/SET80VID 

switch:  1  =  80-column 
hardware  in  use. 

Read  SETAN3/CLRAN3 

switch:  0  =  Double  Hi-Res 

graphics  mode  selected. 

(Continued) 
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Table  4-7  Display  soft  switches  (Continued) 

Name 

CLRAN3 

SETAN3 

Action' 

Location 

TXTCLR R/W $C050 (49232) 

TXTSET R/W $C051 
(49233) 

MIXCLR R/W 
$C052 (49234) 

MIXSET R/W 
$C053 (49235) 

TXTPAGEl R/W $C054 (49236) 

TXTPAGE2 R/W $C055 (49237) 

LORES R/W $C056 (49238) 

HIRES R/W $C057 (49239) 

R/W 

R/W 

$C05E    (49246) 

SC05F    (49247) 

Function 

Select  standard  Apple  II 

graphics  mode,  or,  if  MIXSET 
on,  mixed  mode. 
Select  text  mode  only. 

Clear  mixed  mode. 

Select  mixed  mode. 

Select  text  Page  1. 

Select  text  Page  2,  or,  if 

SET80COL  on,  text  Page  1  in 
auxiliary  memory. 

Select  Lo-Res  graphics  mode. 

Select  Hi-Res  graphics  mode, 

or,  if  SETAN3  is  on,  select 
Double  Hi-Res  graphics 
mode. 

See  Table  4-8. 

See  Table  4-8. 

W  means  write  anything  to  the  location,  R  means  read  the  location,  RJW means  read  or  write,  Rl  means 

read  the  location  and  then  check  bit  7,  and  R5  means  read  the  location  and  then  check  bit  5. 

♦    Note:  You  may  not  need  to  deal  with  these  functions  by  reading  and  writing  directly  to 

the  memory  locations  in  Table  4-7.  Many  of  the  functions  shown  here  are  selected 

automatically  if  you  use  the  display  routines  in  the  various  high-level  languages  on 

the  Apple  IIGS. 

Any  time  you  read  a  soft  switch,  you  get  a  byte  of  data.  However,  the  only  information 

the  byte  contains  is  the  state  of  the  switch,  and  this  occupies  only  one  bit— bit  7,  the 
high-order  bit.  The  other  bits  in  the  byte  are  always  0. 

If  you  read  a  soft  switch  from  a  BASIC  program,  you  get  a  value  between  0  and  255.  Bit  7 

has  a  value  of  128,  so  if  the  switch  is  on,  the  value  will  be  equal  to  or  greater  than  128;  if  the 

switch  is  off,  the  value  will  be  less  than  128. 
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Mixing  address  modes 

It  is  possible  to  display  combinations  of  modes  on  the  video  display.   The  combination 

can  be  any  mode  of  graphics  combined  with  either  40-column  or  80-column  text,  graphics 
only,  or  text-only  modes.  Table  4-8  lists  the  possible  combinations,  and  the  state  of  the 
soft  switches  to  achieve  the  display  modes. 

Table  4-8 Video  display  mode  combinations 

New-Video  reg. 
($C029)  bit  5 

AN3 

($C046) 

TEXT 

($C01C) 

HIRES 

(SCOID) 

80COL 

($C018) 
Video  mode 

- - 1 _ 0 40-column  text 

- - 1 - 1 80-column  text 

- 1 0 0 0 Lo-Res  graphics  and  40-column  text 
- 1 0 0 1 Lo-Res  graphics  and  80-column  text 
- 0 0 0 1 Medium-Res  (80-column)  graphics 
- 1 0 1 0 Hi-Res  graphics  and  40-column  text 
- 1 0 1 1 Hi-Res  graphics  and  80-column  text 
0 0 0 1 1 Double-Hi-Res,  l6-color 
1 0 0 1 1 Double-Hi-Res,  black-and-white 

Addressing  display  pages  directly 

Before  you  decide  to  use  the  display  pages  directly,  consider  the  alternatives.  Most  high- 
level  languages  enable  you  to  write  statements  that  control  the  text  and  graphics  displays. 
Similarly,  if  you  are  programming  in  assembly  language,  you  may  be  able  to  use  the  display 
features  of  the  built-in  I/O  firmware.  You  should  store  directly  into  display  memory  only  if 

the  existing  programs  can't  meet  your  requirements. 

The  display  memory  maps  are  shown  in  Figures  4-5,  4-6,  4-7,  4-8,  and  4-9.  All  the  different 
display  modes  use  the  same  basic  addressing  scheme:  Characters  or  graphics  bytes  are 
stored  as  rows  of  40  contiguous  bytes,  but  the  rows  themselves  are  not  stored  at  locations 
corresponding  to  their  locations  on  the  display.  Instead,  the  display  address  is 
transformed  so  that  three  rows  that  are  eight  rows  apart  on  the  display  are  grouped 
together  and  stored  in  the  first  120  locations  of  each  block  of  128  bytes  ($80 
hexadecimal).  By  folding  the  display  data  into  memory  this  way,  the  Apple  IlGS  stores  all 
960  characters  of  displayed  text  within  IK  of  memory. 
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The  Hi-Res  graphics  display  is  stored  in  much  the  same  way  as  text,  but  there  are  eight 
times  as  many  bytes  to  store,  because  eight  rows  of  pixels  occupy  the  same  space  on  the 

display  as  one  row  of  characters.  The  subset  consisting  of  all  the  first  rows  from  the  groups 

of  eight  is  stored  in  the  first  1024  bytes  of  the  Hi-Res  display  page.  The  subset  consisting 
of  all  the  second  rows  from  the  groups  of  eight  is  stored  in  the  second  1024  bytes,  and  so 

on  for  a  total  of  eight  times  1024,  or  8192  bytes.  In  other  words,  each  1024  bytes  of  Hi- 
Res  video  memory  contains  one  row  of  pixels  from  every  group  of  eight  rows.  The 

individual  rows  are  stored  in  sets  of  three  40-byte  rows,  the  same  as  the  text  display. 

All  of  the  display  modes  except  80-column  text  mode  and  Double  Hi-Res  and  Super  Hi-Res 
graphics  modes  can  use  either  of  two  display  pages.  The  display  maps  show  addresses  for 

each  mode's  Page  1  only.  To  obtain  addresses  for  text  or  Lo-Res  graphics  Page  2,  add  1024 
($400)  to  the  Page  1  addresses;  to  obtain  addresses  for  Hi-Res  graphics  Page  2,  add  8192 
($2000)  to  the  Page  1  addresses. 

The  80-column  text  display  and  Double  Hi-Res  graphics  modes  work  a  little  differently. 
Half  of  the  data  are  stored  in  the  normal  text  Page  1  main  memory,  and  the  other  half  are 

stored  in  auxiliary  memory  using  the  same  addresses  as  for  text  Page  1.  The  display 

circuitry  fetches  bytes  from  these  two  memory  areas  simultaneously  and  displays  them 

sequentially:  first  the  byte  from  the  auxiliary  memory,  then  the  byte  from  the  main 
memory.  The  main  memory  stores  the  characters  in  the  odd  columns  of  the  display,  and 

the  auxiliary  memory  stores  the  characters  in  the  even  columns. 

To  store  display  data  in  the  80-column  text  display,  first  turn  on  the  SET80COL  soft  switch 

by  writing  to  location  $C001.  With  SET80COL  on,  the  page-select  switch,  TXTPAGE2,  selects 
between  the  portion  of  the  80-column  display  memory  in  Page  1  of  main  memoiy  and  the 

portion  stored  in  the  80-column  text  display  memory.  To  enable  the  80-column  text  display, 
turn  the  TXTPAGE2  soft  switch  on  by  reading  or  writing  at  location  $C055. 

The  text  window 

After  you  have  started  up  the  computer  or  after  a  reset,  the  firmware  uses  the  entire  video 

display.  However,  you  can  restrict  video  activity  to  any  rectangular  portion  of  the  display 
you  wish.  The  active  portion  of  the  display  is  called  the  text  window.  You  can  set  the 

top,  bottom,  left  side,  and  width  of  the  text  window  by  storing  the  appropriate  values 
into  four  locations  in  memory.  Using  these  memory  locations  allows  you  to  control  the 

placement  of  text  in  the  display  and  to  protect  other  portions  of  the  screen  from  being 
written  over  by  new  text. 

Memory  location  $20  contains  the  number  of  the  leftmost  column  in  the  text  window.  This 

number  is  normally  0,  the  number  of  the  leftmost  column  in  the  display.  In  a  40-column 

display,  the  maximum  value  for  this  number  is  $27;  in  an  80-column  display,  the  maximum 
value  is  $4F. 
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Memory  location  $21  holds  the  width  of  the  text  window.  For  a  40-column  display,  it  is 
normally  $28;  for  an  80-column  display,  it  is  normally  $50. 

▲  Warning  Be  careful  not  to  let  the  sum  of  the  window  width  and  the  leftmost 
position  in  the  window  exceed  the  width  of  the  display  you  are  using 
(40  or  80).  If  this  happens,  it  is  possible  to  put  characters  into 
memory  locations  outside  the  display  page,  which  might  destroy 

programs  or  data.  ▲ 

Memory  location  $22  contains  the  number  of  the  top  line  of  the  text  window.  This  is 
normally  0,  the  topmost  line  in  the  display.  Its  maximum  value  is  $17. 

Memory  location  $23  contains  the  number  of  the  bottom  line  of  the  screen,  plus  1.  It  is 
normally  $18  for  the  bottom  line  of  the  display.  Its  minimum  value  is  $01. 

After  you  have  changed  the  text  window  boundaries,  nothing  is  affected  until  you  send  a 
character  to  the  screen. 

A  Warning  Any  time  you  change  the  boundaries  of  the  text  window,  you  should 
make  sure  that  the  current  cursor  horizontal  position  (CH,  stored  at 
$24)  and  cursor  vertical  position  (CV,  stored  at  $25)  are  within  the  new 
window  values.  If  they  are  outside,  it  is  possible  to  put  characters  into 
memory  locations  outside  the  display  page,  which  might  destroy 

programs  or  data.  ▲ 

Table  4-9  summarizes  the  memory  locations  and  the  possible  values  for  the  window 
parameters. 

■    Table  4-9  Text  window  memory  locations 

Location 

Mimmum 
value 

Normal  values Maximimi  values 

Window 
40-colunin 80-column 40-column 80-column 

parameter 
Dec Hex Dec 

Hex Dec Hex Dec Hex 
Dec 

Hex Dec      Hex 

Left  edge 

32 
$20 

00 

$00 

00 

$00 

00 

$00 

39 $27 
79      $4F Width 33 

$21 
00 

$00 

40 

$28 

80 

$50 

40 

$28 

80      $50 

Top  edge 

34 
$22 

00 
$00 

00 

$00 

00 

$00 

23 

$17 

23       $17 
Bottom  edge 

35 

$23 
01 

$01 

24 

$18 

24 

$18 

24 

$18 

24      $18 
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Text  displays 

The  Apple  IlGS,  like  all  standard  Apple  II  computers,  can  display  text  in  two  ways:  40 
columns  wide  by  24  rows,  or  80  columns  wide  by  24  rows.  Many  character  sets  are 

available,  including  standard  alphanumeric  characters,  special  characters,  and  MouseText 
characters. 

Text  on  the  Apple  IlGS  can  also  be  displayed  in  color:  The  text,  background,  and  border 
each  can  be  a  different  color.  The  following  sections  give  details  about  the  text  displays. 

Text  modes 

The  text  characters  displayed  include  the  uppercase  and  lowercase  letters,  the  ten 

numerical  digits,  punctuation  marks,  and  special  characters.  Each  character  is  displayed  in 
an  area  of  the  screen  that  is  seven  pixels  wide  by  eight  pixels  high.  The  characters  are 

formed  by  a  pixel  matrix  five  pixels  wide,  leaving  two  blank  columns  of  pixels  between 

characters  in  a  row,  except  for  MouseText  characters,  some  of  which  are  seven  pixels 

wide.  Except  for  lowercase  letters  with  descenders  and  some  MouseText  characters,  the 

characters  are  only  seven  pixels  high,  leaving  one  blank  line  of  pixels  between  rows  of 
characters. 

The  normal  display  has  white  pixels  on  a  medium  blue  background.  (Other  color  text  on 
other  color  backgrounds  is  also  possible,  as  described  later  in  this  chapter.)  Characters 

can  also  be  displayed  in  inverse  format  with  blue  pixels  on  a  white  background. 

Text  character  sets 

The  Apple  IlGS  can  display  either  of  two  selected  text  character  sets:  the  primaiy  set  or  an 
alternate  set.  The  forms  of  the  characters  in  the  two  sets  are  actually  the  same,  but  the 

available  display  formats  are  different.  The  display  formats  are 

■  normal 

■  inverse 

■  flashing,  alternating  between  normal  and  inverse 

With  the  primary  character  set,  the  Apple  IlGS  can  display  uppercase  and  special 
characters  in  all  three  formats:  normal,  inverse,  and  flashing.  Lowercase  letters  can  be 

displayed  in  normal  format  only.  The  primary  character  set  is  compatible  with  most 
software  written  for  other  Apple  II  models,  which  can  display  text  in  flashing  format  but 

which  don't  have  lowercase  characters. 
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The  alternate  character  set  displays  characters  in  either  normal  or  inverse  format.  In  normal 
format,  you  can  get 

■  uppercase  letters 

■  lowercase  letters 

■  numbers 

■  special  characters 

In  inverse  format,  you  can  get 

■  MouseText  characters 

■  uppercase  letters 

■  lowercase  letters 

■  numbers 

■  special  characters 

You  select  the  character  sets  by  means  of  the  alternate-text  soft  switch,  SETALTCHAR, 

described  earlier  in  this  chapter  in  the  section  "Display  Mode  Switching."  Table  4-10  shows 
the  character  codes  in  hexadecimal  for  the  primary  and  alternate  character  sets  in  normal, 
inverse,  and  flashing  formats. 

Each  character  on  the  screen  is  stored  as  one  byte  of  display  data.  The  low-order  six  bits 

make  up  the  ASCII  code  of  the  character  being  displayed.  The  remaining  two  (high-order) 
bits  select  inverse  or  flashing  format  and  uppercase  or  lowercase  characters.  In  the  primary 

character  set,  bit  7  selects  inverse  or  normal  format  and  bit  6  controls  character  flashing. 

In  the  alternate  character  set,  bit  6  selects  between  uppercase  and  lowercase,  according 
to  the  ASCII  character  codes,  and  flashing  format  is  not  available. 

■    Table  4-10 Display  character sets 

Hex 
Primary  character  set Alternate  character  set 

values Character  type Format 
Character  type Format 

$00-$ IF Uppercase  letters 
Inverse 

Uppercase  letters 

Inverse 

$20-$3F Special  characters 
Inverse 

Special  characters 
Inverse 

$40-$5F Uppercase  letters 

Flashing 
MouseText Inverse 

$60-$7F Special  characters 

Flashing 
Lowercase  letters Inverse 

$80-$9F Uppercase  letters Normal 
Uppercase  letters 

Normal 

$AO-$BF Special  characters 
Normal 

Special  characters Normal 

$CO-$DF Uppercase  letters 
Normal 

Uppercase  letters 
Normal 

$EO-$FF Lowercase  letters Normal Lowercase  letters Normal 

Chapter  4  The  Video  Displays 

79 



40-column  versus  80-column  text:  The  Apple  IIGS  has  two  modes  of  text  display: 

40-column  and  80-column.  The  number  of  pixels  in  each  character  does  not  change,  but  the 

characters  in  80-column  mode  are  only  half  as  wide  as  the  characters  in  40-column  mode. 

Compare  Figures  4-11  and  4-12.  On  an  ordinary  color  or  black-and-white  television  set,  the 

narrow  characters  in  the  80-column  display  blur  together;  you  must  use  the  40-column 
mode  to  display  text  on  a  television  set. 

Figure  4-11      40-column  text  display 

.^  ux  I  L  I  -r  I  E  s 

M*=»ME 

"T  Y  P  E 

CREi^XED 

BLOCKS  MODIFIED 

ENDFILE      SUBTYPE 

*STi=iiRTUP  BrtS 

0:00  <MO  Df=>"rE> *SI  B*^S 
O  :  O  O  <  N  O  D«^"r  E  > *SU2C  Bi^S 
O  :  O  O  <  M  O  D<=^"r  E  > 
*SU2E  Bf^S 
O  :  O  O  <  M  O  Di^T  E  > 

*SU 1 . OBJ  B IM 
O   :  O  O  <  M  O      Dii^T  E  > 
♦SUS.OBJ  BIM 
0:00  <MO      D.=tTE> 
*SU3.0BJ  BIN 
0:00  <MO      D.=^XE> 

*  S  U  4  .  O  B  a  'v^(=i|  R 
O   :  O  O            <  M  O      D(^X  E  > 

*SU5 . OBJ  BIM 

0:00  <MO      D<^"rE> 
*SLI6  .  OBJ  '..^AR 

O   :00  <MO      Di^XE> 

*  P  R O D O  S  sr  S 
0:00            <NO      Df^XE> 

*  B(=t  SIC.  S  Y  SX  EM  S  r  S 
0:00            <MO      DKi»XE> 

BLOCKS   FREE:   132S 
"TOXf^L      BLOCKS:        1<600 

3  31— JUL  —  35 
1  005 

3  31 -JUL— S5 
1  005 

3S  3 1 -aUL-S5 
1  SSS<S 

34  31— JUL— S5 
1  <i4<65 

31  31 -aUL— S5 
15  2  11       (=*=*  3  2  O  O 
9  31 -aUL-85 
3.5.5'<6     |isi=*2OO0 

<£.2  3  1  -  uJUL-S5 
31152     (i=»=*OEOO 
IS  3  1  - JUL  — S5 S535 

1  31 -JUL— 85 
9  5     «=^=*8<irtC 

15  31-JUL-35 
<6S4S 

30  1  S-SEP-S'* 1  -4848 

2  1  1  S  —  J  UM  —  8  4 
1  02-40 

BLOCKS      USED : 272 

Figure  4-12      80-column  text  display 

/UTILITIES 

NAME TYPE BLOCKS MODIFIED CREATED ENDFILE SUBTYPE 

•STARTUP BAS 3 31-JUL-85 0 :00 
<N0 

DATE) 1005 »SI 
BAS 3 31-JUL-85 0 :00 <N0 DATE) 

1005 
•  SU2C BAS 38 31-JUL-85 0 iOO <N0 DATE) 1888(5 
»SU2E BAS 34 31-JUL-85 0 :00 

<N0 

DATE) 16465 
»SU1 .OBJ BIN 31 31-JUL-85 0 ;00 

<N0 

DATE) 15211 

A=*32Q0 

»SU2.0BJ 
BIN 

9 31-JUL-85 0 :00 
<N0 

DATE) 3696 
A=«2000 

»SU3.0BJ BIN 61 31-JUL-85 0 ;00 <N0 DATE) 31152 
A=«OEO0 

«SU4.0BJ WAR 18 31-JUL-85 0 :00 <N0 DATE) 
8535 »SU5.0BJ BIN 1 31-JUL-85 0 :00 <N0 DATE) 95 

A=«86AC 

»SUii.OBJ WiR 15 31-JUL-85 0 
:00 <N0 

DATE) 6848 
«PRODOS SYS 30 18-SEP-84 0 :00 

<N0 
DATE) 

14848 

»BAS I C. SYSTEM SYS 21 18-JUN-84 0 :00 <N0 DATE) 
10240 

BLOCKS  FREE:  1328 BLOCKS  USED:   272 TOTAL  BLOCKS:  1600 
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Color  text 

New  to  the  Apple  IlGS  is  the  abihty  to  display  the  text,  background,  and  border  in  color. 

These  colors  may  be  set  manually  through  the  Control  Panel,  or  under  program  control,  via 
control  registers. 

Text  and  background  color 

The  Apple  IlGS  provides  the  capability  of  colored  text  on  a  colored  background  on  an 

RGB  monitor.  To  select  colors  for  text  and  background,  write  the  appropriate  color 
values  to  the  Screen  Color  register  located  at  $C022. 

The  Screen  Color  register  is  an  8-bit  dual-function  register.  First,  the  most  significant  4  bits 
determine  the  text  color.  Second,  the  least  significant  4  bits  determine  the  background 

color.  You  can  choose  these  colors  from  the  16  available  Apple  II  colors  given  in  Table  4-3. 

The  user  can  also  select  these  colors  from  the  Control  Panel.  Figure  4-13  shows  the  format 

of  the  Screen  Color  register.  Table  4-11  gives  a  description  of  each  bit  in  the  register. 

I 

I 

Figure  4-13       Screen  Color  register  at  $C022 

Text color Background  color 
r 

  ^^   '   N 

7 6 5 4 3 2 1 0 

Table  4-11         Bits  in  the  Screen  Color  register 

Bit Value Description 

7-4 

3.-0 

Text  color 

Background  color 

Border  color 

The  colored  border  area  surrounds  the  video  display  text  area.  You  may  select  a  color  for 

the  border  by  writing  the  appropriate  color  value  to  the  Border  Color  register  located  at 

$C034.  You  can  choose  this  color  from  the  16  Apple  II  colors  listed  in  Table  4-3. 
Alternately,  the  user  can  select  the  border  color  from  the  Control  Panel. 
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The  Border  Color  register  is  an  8-bit  read/write  register  serving  two  functions.  First,  the 
least  significant  4  bits  determine  the  border  color.  Second,  the  most  significant  4  bits  are 

the  control  bits  for  the  real-time  clock  chip  interface  logic.  See  the  section  on  the  real- 

time clock  interface  in  Chapter  7,  "Built-in  I/O  Ports  and  Clock,"  for  more  information  on 
the  RTC.  Figure  4-14  shows  the  Border  Color  register  format.  Table  4-12  gives  a  description 
of  each  bit. 

A  Warning  Be  careful  when  changing  bits  within  this  register.  Use  only  a  read- 
modify-write  instruction  sequence  when  manipulating  bits.  See  the 
warning  in  the  preface,  a 

Figure  4-14      Border  Color  register  at  $C034 

Real-time  clock            Border  color 
  I      I   ^r 

7 6 5 4 3 2 1 0 

Table  4-12        Bits  in  the  Border  Color  register 

Bit Value Description 

7-4 

3-0 

Real-time  clock  control  bits; 

do  not  modify  bits  7-4 
when  changing  bits  3-0 
Border  color 

Monochrome/Color  register 

The  Apple  IlGS  video  is  displayed  in  either  color  or  black-and-white.  Located  at  $C021, 
the  Monochrome/Color  register  controls  whether  the  composite  video  signal  consists  of 

color  or  gradations  of  gray.  If  bit  7  is  a  1,  video  displays  in  black-and-white;  if  it  is  a  0, 
video  displays  in  color. 
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If  you  are  using  a  monochrome  monitor,  set  bit  7  to  1.  Displaying  text  in  black-and-white 
results  in  a  better-looking,  more  readable  display.  In  text  mode,  all  color  information  is 
removed  from  the  composite  video  signal,  resulting  in  a  monochrome  text  display.  The 

exception  to  this  is  the  mixed  text  and  graphics  mode,  which  results  in  color  text  and 
color  fringing. 

The  remaining  bits  in  the  Monochrome/Color  register  are  reserved;  do  not  modify  them 

when  writing  to  this  location.  You  can  also  select  color  or  monochrome  video  from  the 

Control  Panel.  Figure  4-15  shows  the  format  of  the  Monochrome/Color  register.  Table  4-13 
gives  a  description  of  each  bit  in  the  register. 

A  Warning  Be  careful  when  changing  bit  7  in  this  register.  Use  only  a  read-modify- 
write  instaiction  sequence  when  manipulating  bit  7.  See  the  warning  in 

the  preface.  ▲ 

Figure  4-15       Monochrome/Color  register  at  $C021 

Reserved;  do  not  modify 

Color  or  monochrome  video  select  — ' 

1 
f N 

7 6 5 4 3 2 1 0 

Table  4-13        Bits  in  the  Monochrome/Color  register 

Bit Value Description 

7* 6-0 

Composite  gray-scale  video  output 
Composite  color  video  output 

Reserved;  do  not  modify 

*  Changing  bit  7  does  not  affect  the  RGB  outputs, 

♦  Note:  Reading  the  Monochrome/Color  register  returns  a  meaningless  value.  Bit  7, 

therefore,  can  be  referred  to  as  write-only. 
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Graphics  displays 

The  Apple  IlGS  can  produce  standard  Apple  II  video  graphics  in  three  different  modes,  as 
well  as  two  new  graphics  resolutions.  All  the  graphics  modes  treat  the  screen  as  a 

rectangular  array  of  spots.  Normally,  your  programs  will  use  the  features  of  some  high-level 
language  to  draw  graphics  dots,  lines,  and  shapes  in  these  arrays;  this  section  describes  the 
way  the  resulting  graphics  data  are  stored  in  memory. 

Standard  Apple  II  graphics  modes 

Apple  IlGS  graphics  can  be  displayed  in  several  different  resolutions.  All  standard  Apple  II 
graphics  modes  are  supported: 

■  Lo-Res  graphics  mode 

■  Hi-Res  graphics  mode 

■  Double  Hi-Res  graphics  mode 

Each  of  these  graphics  modes  is  described  in  the  following  sections. 

Lo-Res  graphics 

In  the  Lo-Res  graphics  mode,  the  Apple  IlGS  displays  an  array  of  48  rows  by  40  columns  of 
colored  blocks.  Each  block  can  be  any  of  16  colors,  including  black-and-white.  On  a 

black-and-white  monitor  or  television  set,  these  colors  appear  as  black,  white,  and  three 
shades  of  gray.  There  are  no  blank  pixels  between  blocks;  adjacent  blocks  of  the  same 
color  merge  to  make  a  larger  shape. 

Data  for  the  Lo-Res  graphics  display  are  stored  in  the  same  part  of  memory  as  the  data  for 

the  40-column  text  display.  Each  byte  contains  data  for  two  Lo-Res  graphics  blocks.  The 
two  blocks  are  displayed  one  atop  the  other  in  a  display  space  the  same  size  as  a  40- 
column  text  character,  7  pixels  wide  by  8  pixels  high. 

Half  a  byte— 4  bits,  or  1  nibble— is  assigned  to  each  graphics  block.  Each  nibble  can  have 
a  value  from  0  to  15,  and  this  value  determines  which  one  of  16  colors  appears  on  the 

screen.  The  colors  and  their  corresponding  nibble  values  are  shown  in  Table  4-14.  In  each 

byte,  the  low-order  nibble  sets  the  color  for  the  top  block  of  the  pair,  and  the  high-order 
nibble  sets  the  color  for  the  bottom  block.  Thus,  a  byte  containing  the  hexadecimal  value 
$D8  produces  a  brown  block  atop  a  yellow  block  on  the  screen. 
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1 

Table  4-14        Lo-Res  graphics  colors 

Nibble  value 

Color 

Nibble  V alue 

Dec Hex 
Dec 

Hex Color 

0 
$00 

Black 8 
$08 

Brown 
1 

$01 Deep  red 9 $09 
Orange 

2 
$02 

Dark  blue 
10 

$0A 

Light  gray 

3 
$03 

Purple 11 

$0B 

Pink 

4 
$04 

Dark  green 12 $0C 
Light  green 

5 $05 
Dark  gray 

13 

$0D 
Yellow 

6 $06 Medium  blue 14 

$0E 
Aquamarine 

7 $07 Light  blue 

15 

$0F 

White 

Note:  Colors  may  vary,  depending  on  tiie  controls  on  the  monitor  or  television  set. 

As  explained  eariier  in  this  chapter  in  the  section  "Video  Display  Pages,"  the  text  display 
and  the  Lo-Res  graphics  display  use  the  same  area  in  memory.  Most  programs  that 
generate  text  and  graphics  clear  this  part  of  memory  when  they  change  display  modes,  but 

it  is  possible  to  store  data  as  text  and  display  them  as  graphics,  or  vice  versa.  All  you  have 

to  do  is  change  the  mode  switch,  described  eariier  in  this  chapter  in  the  section  "Display 
Mode  Switching,"  without  changing  the  display  data.  This  usually  produces  meaningless 
jumbles  on  the  display,  but  some  programs  have  used  this  technique  to  good  advantage 

for  producing  complex  Lo-Res  graphics  displays  quickly. 

Hi-Res  graphics 

In  the  Hi-Res  graphics  mode,  the  Apple  IlGS  displays  an  array  of  192  rows  of  280 
monochrome  pixels,  or  140  colored  pixels.  The  smaller  number  of  pixels  in  color  is  due  to 
the  fact  that  it  takes  two  bits  in  display  memory  to  make  one  color  pixel  on  the  screen;  in 

monochrome,  one  bit  makes  one  pixel.  The  colors  available  are  black,  white,  purple, 

green,  orange,  and  blue. 

Data  for  the  Hi-Res  graphics  displays  are  stored  in  either  of  two  8192-byte  areas  in 
memory.  These  areas  are  called  Hi-Res  graphics  Page  1  and  Page  2.  It  is  in  these  buffer 

areas  that  your  high-level  language  program  creates  and  manipulates  the  bit  images  that 
will  appear  on  the  screen.  This  section  describes  the  way  the  graphics  data  bits  are 
converted  to  pixels  on  the  screen. 
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The  Hi-Res  graphics  display  is  bit-mapped:  Each  pixel  on  the  screen  corresponds  to  a  bit 
(or,  in  color,  2  bits)  in  memory.  The  7  low-order  bits  of  each  display  memory  byte  control 
a  row  of  7  adjacent  pixels  on  the  screen,  and  40  adjacent  bytes  in  memory  control  a  row  of 

280  (7  times  40)  pixels.  The  least  significant  bit  of  each  byte  is  displayed  as  the  leftmost 
pixel  in  a  row  of  7,  followed  by  the  second  least  significant  bit,  and  so  on,  as  shown  in 

Figure  4-16.  The  eighth  bit  (the  most  significant)  of  each  byte  is  not  displayed;  it  selects 
one  of  two  color  sets,  as  described  later  in  this  chapter. 

Figure  4-l6      Hi-Res  graphics  display  bits 

m 
Bits  in  data 

byte 

6 5 4 3 2 1 0 

\=-^ 
0 1 2 3 4 5 6 

Dots  on  graphics  screen 

On  a  black-and-white  monitor,  there  is  a  simple  correspondence  between  bits  in  memory 
and  pixels  on  the  screen.  A  pixel  is  white  if  the  bit  controlling  it  is  on  (1),  and  the  pixel  is 

black  if  the  bit  is  off  (0).  On  a  black-and-white  television  set,  pairs  of  pixels  blur 

together;  alternating  black-and-white  pixels  merge  to  a  continuous  gray. 

On  an  NTSC  color  monitor  or  a  color  television  set,  a  pixel  whose  controlling  bit  is  off  (0) 
is  black.  If  the  bit  is  on,  the  pixel  will  be  white  or  a  color,  depending  on  its  position,  the 

pixels  on  either  side,  and  the  setting  of  the  high-order  bit  of  the  byte. 

Call  the  leftmost  column  of  pixels  column  0  and  assume  (for  the  moment)  that  the  high- 

order  bits  of  all  the  data  bytes  are  off  (0).  If  the  bits  that  control  pixels  in  even-numbered 
columns  (0,  2,  4,  and  so  forth)  are  on,  the  pixels  are  purple;  if  the  bits  that  control  odd- 

numbered  columns  are  on,  the  pixels  are  green— but  only  if  the  pixels  on  both  sides  of  a 
given  pixel  are  black.  If  two  adjacent  pixels  are  both  on,  they  are  both  white. 

You  can  select  the  other  two  colors,  blue  and  orange,  by  turning  the  high-order  bit  (bit  7) 

of  a  data  byte  on  (1).  The  colored  pixels  controlled  by  a  byte  with  the  high-order  bit  on 

are  either  blue  or  orange:  The  pixels  in  even-numbered  columns  are  blue,  and  the  pixels  in 

odd-numbered  columns  are  orange— again,  only  if  the  pixels  on  both  sides  are  black. 
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Within  each  horizontal  line  of  seven  pixels  controlled  by  a  single  byte,  you  can  have  black, 

white,  and  one  pair  of  colors.  To  change  the  color  of  any  pixel  to  one  of  the  other  pair  of 

colors,  you  must  change  the  high-order  bit  of  its  byte,  which  affects  the  colors  of  all  seven 
pixels  controlled  by  the  byte. 

In  other  words,  Hi-Res  graphics  displayed  on  a  color  monitor  or  television  set  are  made  up 
of  colored  pixels,  according  to  the  following  rules: 

■  Pixels  in  even  columns  can  be  black,  purple,  or  blue. 

■  Pixels  in  odd  columns  can  be  black,  green,  or  orange. 

■  If  adjacent  pixels  in  a  row  are  both  on,  they  are  both  white. 

■  The  colors  in  each  row  of  seven  pixels  controlled  by  a  single  byte  are  either  purple  and 

green,  or  blue  and  orange,  depending  on  whether  the  high-order  bit  is  off  (0)  or  on  (1). 

These  rules  are  summarized  in  Table  4-15.  The  blacks  and  whites  are  numbered  to  remind 

you  that  the  high-order  bit  is  different. 

■  Table  4-15        Hi-Res  graphics  colors 

Bits  0-6  Bit  7  off  Bit  7  on 

Adjacent  columns  off Black  1 Black  2 

Even  columns  on Purple Blue 

Odd  columns  on Green 
Orange 

Miacent  co\\amns  on 
While  \ \^V\iVe  2 

Note:  Colors  may  var>',  depending  on  the  controls  on  the  monitor  or  television  set. 

The  peculiar  behavior  of  the  Hi-Res  colors  reflects  the  way  NTSC  color  television  works. 
The  pixels  that  make  up  the  Apple  IIGS  video  signal  are  spaced  to  coincide  with  the 

frequency  of  the  color  subcarrier  used  in  the  NTSC  system.  Alternating  black-and-white 
pixels  at  this  spacing  causes  a  color  monitor  or  TV  set  to  produce  color,  but  2  or  more 

white  pixels  together  do  not.  Effective  horizontal  resolution  with  color  is  140  pixels  per 
line  (280  divided  by  2). 

Double  Hi-Res  graphics 

In  the  Double  Hi-Res  graphics  mode,  the  Apple  IlGS  displays  an  array  of  140  colored  pixels 
or  560  monochrome  pixels  wide  and  192  rows  deep.  There  are  l6  colors  available  for  use 

with  Double  Hi-Res  graphics.  (See  Table  4-16.) 
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■    Table  4-l6 Double  Hi-Res  graphics colors 

Repeated 
color 

pattern 
abO 

fibl ab2 

inb3 

Bit 

Black $00 
$00 $00 

$00 

0000 

Deep  red 
$08 

$11 $22 $44 

0001 
Brown 

$44 $08 
$11 $22 

0010 
Orange 

$4C 
$19 

$33 

$66 
0011 

Dark  green 
$22 

$44 
$08 

$11 

0100 

Dark  gray 
$2A 

$55 

$2A 

$55 0101 
Green 

$66 $4C 
$19 

$33 
Olio 

Yellow 

$6e $5D $3B 
$77 

0111 
Dark  blue 

$11 
$22 $44 $08 

1000 

Purple $19 
$33 

$66 $4C 

1001 
Light  gray $55 

$2A 
$55 

$2A 

1010 

Pink 
$5D 

$3B 
$77 

$6E 

1011 
Medium  blue $33 

$66 $4C 

$19 
1100 

Light  blue 
$3B $77 

$6E $5D 

1101 

Aquamarine $77 
$6e 

$5D 
$3B 

1110 

White 
$7F $7F $7F $7F 

1111 

Double  Hi-Res  graphics  is  a  bit-mapping  of  the  low-order  7  bits  of  the  bytes  in  the  main- 
memory  and  auxiliary-memory  pages  at  $2000  through  $3FFF.  The  bytes  in  the  main- 

memory  and  auxiliary-memory  pages  are  interieaved  in  exactly  the  same  manner  as  the 
characters  in  80-column  text:  Of  each  pair  of  identical  addresses,  the  auxiliary-memory 
byte  is  displayed  first,  and  the  main-memory  byte  is  displayed  second.  Horizontal 
resolution  is  560  pixels  when  displayed  on  a  monochrome  monitor. 

Unlike  Hi-Res  color,  Double  Hi-Res  color  has  no  restrictions  on  which  colors  can  be 

adjacent.  Color  is  determined  by  any  4  adjacent  pixels  along  a  line.  Think  of  a  4-pixel-wide 
window  moving  across  the  screen:  At  any  given  time,  the  color  displayed  will  correspond 

to  the  4-bit  value  from  Table  4-16  that  corresponds  to  the  window's  position  (Figure  4-9). 
Effective  horizontal  resolution  with  color  is  140  (560  divided  by  4)  pixels  per  line. 

To  use  Table  4-16,  divide  the  display  column  number  by  4,  and  use  the  remainder  to  find 
the  correct  column  in  the  table:  abO  is  a  byte  residing  in  auxiliary  memory,  corresponding 
to  a  remainder  of  zero  (byte  0,  4,  8,  and  so  on);  mbl  is  a  byte  residing  in  main  memory, 
corresponding  to  a  remainder  of  one  (byte  1,  5,  9  and  so  on),  and  similarly  for  ab3 
and  mb4. 

II 
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Super  Hi-Res  graphics 

The  Apple  IlGS  has  two  graphics  modes  that  are  new  to  the  Apple  II  family.  These  are  the 

320-pixel  and  640-pixel  Super  Hi-Res  graphics  modes,  which  increase  horizontal  resolution 
to  either  320  or  640  pixels  and  increase  vertical  resolution  to  200  lines.  The  VGC  is  primarily 

responsible  for  implementing  the  Super  Hi-Res  video  graphics,  which  provide  these 
capabilities: 

■  320-  or  640-pixel  horizontal  resolution 

■  200-line  vertical  resolution 

■  12-bit  color  resolution  that  allows  choices  from  4096  available  colors 

■  16  colors  for  each  of  the  200  lines— up  to  256  colors  per  frame 
■  Color  Fill  mode 

■  scan-line  interrupts 

■  all  new  video  mode  features,  programmable  for  each  scan  line 

■  linear  display  buffer 

■  pixels  contained  within  byte  boundaries 

The  New- Video  register 

When  a  standard  Apple  II  video  mode  (Lo-Res,  Hi-Res,  or  Double  Hi-Res  graphics)  is 
enabled,  the  Mega  II  accesses  the  video  memory  buffers  and  generates  video.  When  Super 

Hi-Res  graphics  is  enabled,  the  Video  Graphics  Controller  has  sole  access  to  the  video 
buffers.  The  bit  to  enable  this  access,  along  with  the  memory  map  configuration  switch,  is 

in  the  New- Video  register  located  at  $C029.  The  bit  descriptions  for  this  register  are 

shown  in  Figure  4-17.  Table  4-17  gives  a  description  of  each  bit. 

A  Warning  Be  careful  when  changing  bits  within  this  register.  Use  only  a  read- 
modify-write  instruction  sequence  when  manipulating  bits.  See  the 
warning  in  the  preface.  ▲ 
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Table  4-17        Bits  in  the  New- Video  register 

Bit Value Description 

6*
 

4-1 
0 

1 

Selects  Apple  II  video  mode.  If  this  bit  is  0,  all  existing 

Apple  Il-compatible  video  modes  are  enabled.  The 
Mega  II  alone  reads  the  video  memory  during  the  video 

cycles  and  generates  the  video. 

Selects  Super  Hi-Res  graphics  video  modes.  If  this  bit  is 
1,  all  standard  Apple  II  video  modes  are  disabled;  either 

320-pixel  resolution  (and  Color  Fill  mode)  or  640-pixel 
resolution  graphics  are  enabled.  (The  selection  of  320  or 

640  is  made  in  the  scan-line  control  byte  for  each  line.) 
Also,  when  this  bit  is  1,  bit  6  is  overridden,  and  the 

memory  map  is  changed  to  support  the  Super  Hi-Res 
graphics  video  buffer,  as  described  below.  (See  the 
description  of  bit  6.) 

If  this  bit  is  0,  the  128K  memory  map  is  the  same  as  the 

Apple  He. 
If  this  bit  is  1,  the  memory  map  is  reconfigured  for  use 

with  Super  Hi-Res  graphics  video  mode:  The  video 
buffer  becomes  one  contiguous,  linear  address  space 

from  $2000  through  S9D00.  (Figure  4-18  shows  the  Super 
Hi-Res  graphics  buffer.) 

If  this  bit  is  0,  Double  Hi-Res  graphics  is  displayed  in 
color  (140  by  192,  16  colors). 

If  this  bit  is  1,  Double  Hi-Res  graphics  is  displayed  in 
black-and-white  (560  by  192). 

Reserved;  do  not  modify. 

Enable  bank  latch.  If  this  bit  is  1,  the  17th  address  bit  is 

used  to  select  either  the  main  or  auxiliary  memory  bank. 

If  the  address  bit  is  1,  then  the  auxiliary  bank  is 
enabled.  (Actually  data  bit  0  is  used  as  the  17th  address 

bit).  If  the  address  bit  is  0,  the  state  of  the  memory 

configuration  soft  switches  determines  which  memory 
bank  is  enabled.  See  Chapter  3  for  descriptions  of  the 

memory  configuration  soft  switches.  Table  4-18  shows 
how  to  use  this  bit  to  select  a  memory  bank. 

The  17th  address  bit  is  ignored. 

■  Set  bit  6  to  0  whenever  u,sing  Double  Hi-Re,s  graphics  mode.  This  is  n(;cessar\'  to  ensure  that  the  video 
display  will  function  properly. 
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Figure  4-17       New- Video  register 

Enable  Super  Hi-Res  graphics  mode  — ' 

Linearize  Super  Hi-Res  graphics  video  memory  — ' 

Color  or  black-and-white  Double  Hi-Res  graphics  - 

Reserved;  do  not  modify 

7      6      5      4      3      2       10 

Enable  bank  latch  - 

Table  4-18        Memory  bank  selection  using  bit  0  of  the  New- Video  register 

New-Video  register 
Bit  0  Data  bit  0 Memory  bank  enabled 

1 

0 

Ignored 

Auxiliary 

Determined  by  state  of  memory  configuration  soft 
switches 

The  Super  Hi-Res  graphics  buffer 

The  Super  Hi-Res  graphics  display  buffer  contains  three  types  of  data:  scan-line  control 

bytes,  color  palettes,  and  pixel  data.  Figure  4-18  shows  a  memory  map  of  the  display 
buffer.  This  buffer  resides  in  contiguous  bytes  of  the  auxiliary  64K  bank  of  the  slow  RAM 

($E1)  from  $2000  through  $9FFF.  Note  that  this  display  buffer  uses  memory  space  used  for 

the  Apple  II  Double  Hi-Res  graphics  buffers,  but  leaves  the  other  graphics  and  text  display 
buffers  untouched. 

The  next  three  sections  describe  the  scan-line  control  bytes,  color  palettes,  and  pixel  data 

bytes  used  in  Super  Hi-Res  graphics  mode. 
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Figure  4-18      Super  Hi-Res  graphics  display  buffer 

Memory  bank  $E1 

Color 

palettes 

Scan-line 
control  bytes 

Pixel 
data 

$9FFF 

$9E00 

$9D00 

$2000 

Scan-line  control  bytes  ($9D00-$9DC7) 

An  added  advantage  of  tfie  new  Apple  IlGS  video  graphics  is  the  ability  to  select  the  Super 

Hi-Res  graphics  horizontal  resolution  for  each  video  scan  line.  The  200  scan-line  control 

bytes  (located  from  $9D00  through  $9DC7  as  shown  in  Figure  4-18)  control  the  features  for 

each  scan  line,  There  is  one  8-bit  control  byte  for  each  of  the  200  scan  lines.  For  each  line, 
you  can  select 

■  the  palette  (l6  colors)  to  be  used  on  the  scan  line 

■  Color  Fill  mode  on  the  scan  line 

■  an  interrupt  to  be  generated  on  the  scan  line 

■  either  320-pixel  or  640-pixel  resolution  for  the  scan  line 
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The  scan-line  control  byte  bits  and  their  functions  are  listed  in  Figure  4-19.  Table  4-19  gives 
a  description  of  each  bit. 

▲  Warning  Be  careful  when  changing  bits  within  this  byte.  Use  only  a  read- 
modify-write  instruction  sequence  when  manipulating  bits.  See  the 
warning  in  the  preface.  ▲ 

Figure  4-19      Scan-line  control  byte  format 

320  or  640  mode 

Generate  interrupt 

Color  Fill  mode  —^ 

Reserved;  do  not  modify  — ' 

Palette  select  code 
  I   

7      6      5      4      3      2       10 

Table  4-19        Bits  in  a  scan-line  control  byte 

Bit Value Description 

7 

6 

4 
0-3 

1 

0 

1 

Horizontal  resolution  =  640  pixels. 

Horizontal  resolution  =  320  pixels. 

Interrupt  enabled  for  this  scan  line.  (When  this  bit  is  a  1, 
the  scan-line  interrupt  status  bit  is  set  at  the  beginning 
of  the  scan  line.) 

Scan-line  interrupts  disabled  for  this  scan  line. 
Color  Fill  mode  enabled.  (This  mode  is  available  in  Super 

Hi-Res  graphics  320-pixel  resolution  mode  only;  in  640- 
pixel  mode,  Color  Fill  mode  is  disabled.) 
Color  Fill  mode  disabled. 

Reserved;  write  0. 
Palette  chosen  for  this  scan  line. 
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The  location  of  the  scan-line  control  byte  for  each  scan  line  is  $9Dxx,  where  xx  is  the 
hexadecimal  value  of  the  line.  For  example,  the  control  byte  for  the  first  scan  line  (line  0)  is 

located  in  memory  location  $9D00;  the  control  byte  for  the  second  scan  line  (line  1)  is  in 
location  $9D01,  and  so  forth. 

♦  Note:  The  first  200  bytes  of  the  256  bytes  in  the  memory  page  beginning  at  $9D00  are 

scan-line  control  bytes,  and  the  remaining  56  bytes  are  reserved  for  future  expansion. 
For  compatibility  with  future  Apple  products,  do  not  modify  these  56  bytes. 

Color  palettes  ($9E00-$9FFF) 

A  color  palette  is  a  group  of  16  colors  to  be  displayed  on  the  scan  line.  Each  scan  line  can 

have  one  of  16  color  palettes  assigned  to  it.  You  can  choose  the  16  colors  in  each  palette 

from  any  of  the  4096  possible  colors.  You  can  draw  each  pixel  on  the  scan  line  in  any  of 
these  l6  colors. 

These  colors  are  determined  by  a  12-bit  value  made  up  of  three  separate  4-bit  values.  (12 

bits  allows  2^^  or  4096  possible  combinations  for  each  palette  color.)  Each  4-bit  quantity 
represents  the  intensity  of  each  red,  green,  and  blue.  The  combination  of  the  magnitudes 

of  each  of  the  three  primary  colors  determines  the  resulting  color.  Figure  4-20  shows  the 
format  of  each  of  these  4-bit  values  that  make  up  a  palette  color. 

Figure  4-20      Color  palette  format 

Even  byte 

Green 

~\r 

Blue 

7 6 5 4 3 2 1 0 

Reserved;  do  not  modify 

Odd  byte 

Red 
I 

7 6 5 4 3 2 1 0 
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The  color  palettes  are  located  in  video  buffer  locations  $9E00  through  $9FFF  in  bank  $E0. 

There  are  16  color  palettes  in  this  space,  with  32  bytes  per  palette.  Each  color  palette 

represents  l6  colors,  with  2  bytes  per  color.  The  palette  indicated  in  the  scan-line  control 
byte  is  used  to  display  the  pixels  in  color  on  the  scan  line.  The  starting  address  for  each  of 

the  color  palettes  and  the  colors  within  them  are  listed  in  Table  4-20.  The  16  colors  within  a 
palette  have  numbers  $0  through  $F.  Note  that  each  color  begins  on  an  even  address. 

Once  you  have  filled  the  palettes  with  the  colors  to  be  used  and  selected  the  display 

modes  within  each  of  the  scan-line  control  bytes,  you  must  choose  which  of  the  16  colors 
you  are  going  to  display  for  each  pixel. 

Table  4-20        Palette  and  color  starting  addresses 

Palette 
immber Color$0 Color  $1 Color  $E Color  $F 

$0 

$1 

$2 

$9E00-01 

$9E20-21 

$9E40-4l 

$9E02-03 

$9E22-23 

$9E42-43 

$9E1C-1D 
$9E3C-3D 

$9E5C-5D 

$9E1E-1F 
$9E3E-3F 

$9E5E-5F 

$F 
$9FE0-E1 $9FE2-E3 

$9FFC-FD $9FFE-FF 

Pixels 

The  Super  Hi-Res  graphics  color  information  for  each  pixel  is  different  for  each  of  the  two 
resolution  modes:  4  bits  represent  each  pixel  color  in  320-pixel  mode;  2  bits  represent  the 

pixel  color  in  640-pixel  mode.  Higher  resolution  comes  with  a  slight  penalty,  however: 
Although  in  320  mode  a  pixel  may  be  any  of  16  colors  chosen  from  the  palette,  a  pixel  may 
be  one  of  only  4  colors  in  640  mode. 

The  pixel  data  are  located  in  the  display  buffer  in  a  linear  and  contiguous  manner;  $2000 

corresponds  to  the  upper-left  corner  of  the  display,  and  $9CFF  corresponds  to  the  lower- 
right  comer.  Each  scan  line  uses  160  ($A0)  bytes.  Figure  4-21  shows  the  format  in  which  the 

pixel  color  data  are  stored  in  both  the  320-pixel  and  640-pixel  modes. 
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Figure  4-21       Pixel  data  byte  format 

Bits  in  byte 

640  mode 

320  mode 

7 6 5 4 3 2 1 0 

1 
1 

Pixel  1 Pixel  2 
Pixel  3 

Pixel  4 

I  I  I  I  I 
I  I  I  I  I 

Pixel  1 Pixel  2 

In  320-pixel  mode,  four  bits  determine  each  pixel  color,  and  data  are  stored  two  pixels  to 
a  byte  of  the  display  buffer.  Since  four  bits  determine  the  pkel  color,  in  320  mode  each 

pixel  can  be  any  of  the  16  colors  from  that  palette. 

In  640-pixel  mode,  color  selection  is  more  complicated.  The  640  pixels  in  each  horizontal 
line  occupy  160  adjacent  bytes  of  memory,  each  byte  representing  4  pixels  that  appear 

side-by-side  on  the  screen.  The  16  colors  in  the  palette  are  divided  into  four  groups  of  4 
colors  each.  The  first  pixel  in  each  horizontal  line  can  select  one  of  4  colors  from  the  third 

group  of  4  in  the  palette.  The  second  pixel  selects  from  the  fourth  group  of  4  colors  in  the 

palette.  The  third  pixel  selects  from  the  first  group  of  4  colors,  and  the  fourth  pixel  selects 

from  the  second  group,  as  shown  in  Table  4-21.  The  process  repeats  for  each  successive 
group  of  4  pixels  in  a  horizontal  line.  Thus,  even  though  a  given  pixel  can  be  one  of  4 

colors,  different  pixels  in  a  line  can  take  on  any  of  the  16  colors  in  a  palette. 

Table  4-21 Color  selection  in  640  mode 

Pixel Value 
Palette 
color Pixel Value 

Palette 

color 

0 

$0 1 

$1 2 

$2 

3 $3 
0 

$4 

1 $5 

2 

$6 

3 

$7 

0 

$8 

1 

$9 

2 

$A 

3 

$B 

0 

$C 

1 

$D 

2 

$E 

3 

$F 
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Figure  4-22  shows  the  display  screen  and  the  pixels  that  make  up  each  scan  line.  Also  shown 

are  the  pixel  data  bytes  for  both  640-  and  320-pixel  Super  Hi-Res  graphics  mode.  The  scan- 
line  control  bytes,  one  for  each  scan  line,  are  shown  at  the  nght, 

Figure  4-22       Drawing  pixels  on  the  screen 

320-pixel  mode 

640-pixel  mode 

Scan-line control  bytes 

S9D00 

$9DC7 

Video  display  screen 
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Dithering 

In  Super  Hi-Res  graphics  mode  using  640-pixel  resolution,  colors  other  than  the  available  4 
palette  colors  may  be  displayed  by  a  means  called  dithering.  By  choosing  2  adjacent 
pixel  colors  that  mix  to  obtain  a  third  desired  color,  you  can  increase  the  number  of  hues 

available.  For  example,  in  Figure  4-23,  when  red  is  selected  from  the  available  colors,  the 
scan  line  appears  as  red.  Alternating  red  and  yellow  results  in  orange,  and  so  on.  Through 
the  use  of  dithering,  as  many  as  l6  colors  can  be  generated. 

Color  Fill  mode 

Another  feature  of  Apple  IlGS  video  graphics  is  Color  Fill,  an  option  that  simplifies  the 

task  of  painting  continuous  color  on  any  one  line.  Color  Fill,  which  is  available  in  320-pixel 
mode  only,  is  used  to  fill  rapidly  a  large  area  of  the  video  display  with  a  single  color.  In  this 

mode,  color  $0  in  the  palette  takes  on  a  unique  definition.  Any  pixel  data  byte  containing 
the  color  value  $0  causes  that  pixel  to  take  on  the  color  of  the  previous  pixel  instead  of 

displaying  a  palette  color.  This  means  that  only  15  unique  palette  colors  ($1  through  $F) 

are  available  for  each  scan  line,  rather  than  16  colors.  For  example,  assume  that  A,  B,  and  C 

represent  3  different  palette  colors,  4  bits  per  pixel.  These  colors  do  not  include  color  $0. 

The  desired  color  pattern  for  a  series  of  pixels  on  a  line  might  be  as  follows  without  Color 
Fill  mode: 

AAAAAAAAAAAABBBBBBBBBBBBCCCCCCCCCCCC 

The  same  color  pattern  would  be  created  by  using  Color  Fill  mode  as  follows: 
AOOOOOOOOOOOBOOOOOOOOOOOCOOOOOOOOOOO 

Method  2  would  save  time:  The  program  only  needs  to  fill  the  pixel  area  of  the  scan  line 

once  with  0,  and  then  to  write  a  color  value  into  those  locations  where  a  color  should  begin 

or  change.  In  the  example  just  given,  only  one  byte  needs  to  be  written  to  implement  each 

new  color  on  the  scan  line  using  the  Color  Fill  method,  as  opposed  to  six  bytes  per  color 
without  Color  Fill. 

The  only  restriction  of  the  Color  Fill  mode  is  that  the  first  pixel  value  on  a  scan  line  must 
not  be  0;  if  the  first  pixel  value  is  0,  then  an  undetermined  color  results. 
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Figure  4-23      Examples  of  dithering 
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Chapter  5    Apple  IIGS  Sound 

One  of  the  Apple  IlGS  computer's  outstanding  features  is  its  sound 
capability.  By  programming  the  Apple  IlGS,  you  can  utilize  this  powerful 

sound-synthesizing  ability;  your  ability  to  generate  sounds  is  limited 
only  by  your  imagination.  This  chapter  covers  the  Digital  Oscillator  Chip 
(DOC),  the  individual  oscillators,  and  the  many  registers  associated  with 
these  oscillators.  Also  covered  is  the  Sound  General  Logic  Unit  (GLU)  and 

its  associated  registers.  Figure  5-1  shows  the  relationship  of  the  sound 
components  to  the  rest  of  the  computer. 
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Figure  5-1        Sound  components  in  the  Apple  IlGS 
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The  built-in  speaker 

The  built-in  speaker  is  located  on  the  left  side  of  the  baseplate  directly  below  the  keyboard. 
This  sound  output  device  is  used  as  the  primary  device  for  standard  Apple  II  sound  output, 
and  also  for  the  output  of  the  Digital  Oscillator  Chip. 

102 Apple  IIGS  Hardware  Reference 



One-bit  sound 

Quite  complex  sounds  can  be  created  simply  by  toggling  a  bit  whose  output  is  connected  to 

the  speaker.  This  bit  can  be  set  and  cleared  by  accessing  (either  reading  or  writing  to) 

location  $C030.  The  faster  you  access  this  location,  the  faster  the  sound  bit  toggles  and  the 

higher  the  pitch  of  the  sound.  Using  timing  loops  in  the  application  program  will  allow  you  to 

toggle  the  speaker  at  any  frequency  starting  at  about  400  cycles  per  second.  Below  this 
frequency,  the  speaker  clicks  on  every  other  access  to  $C030. 

If  you  switch  the  speaker  once,  it  emits  a  click;  to  make  longer  sounds,  you  access  the 

speaker  repeatedly. 

♦    Note:  If  you  access  this  soft  switch  by  using  an  assembly-language  indexed-mode 
command,  it  switches  twice  in  rapid  succession.  The  resulting  pulse  is  so  short  that  the 

speaker  doesn't  have  time  to  respond;  it  doesn't  make  a  sound. 

With  the  inclusion  of  the  DOC  into  the  Apple  IlGS,  sound  generation  becomes  much  more 

sophisticated.  The  following  sections  describe  the  DOC  and  this  computer's  powerful 
sound-making  ability. 

Sound  synthesis 

Sound  is  synthesized  by  programming  digital  oscillators  to  produce  waveforms  that  simulate 

ordinary  sounds  (musical,  human,  or  other)  or  generate  unique  ones.  These  waveforms  can  be 

programmed  manually  (values  placed  in  memory  individually)  or  through  digitization  of  an 

external  analog-input  signal.  As  stated  eariier,  the  Apple  IlGS  uses  a  toolbox  of  utilities  to 
perform  many  different  functions:  graphics,  disk  access,  and  sound.  The  following 

description  of  the  DOC  is  meant  to  familiarize  you  with  the  general  principles  of  Apple  IlGS 

sound  generation.  When  you  program  this  computer  for  sound,  using  the  toolbox  utilities  will 

result  in  the  proper  use  of  the  DOC  and  ensure  software  compatibility  with  future  Apple  II 

products.  (To  find  out  how  to  use  the  sound  tools,  refer  to  the  Apple  IlGS  Toolbox  Reference.) 
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The  Sound  GLU 

To  program  the  DOC  or  build  a  wavetable  in  the  Sound  RAM,  you  must  write  command  and 

data  bytes  to  registers  within  the  chip.  This  process  is  facilitated  by  the  GLU,  which  serves  as 

an  interface  between  the  microprocessor,  the  DOC,  and  the  dedicated  64K-by-8-bit 
dynamic  RAM.  This  interface  allows  the  DOC  chip  to  ain  independently  of  the  rest  of  the 

system. 

The  Sound  GLU  contains 

■  a  Sound  Control  register 

■  a  data  register 

■  a  pair  of  Address  Pointer  (high  and  low  address)  registers 

These  registers  and  their  addresses  are  listed  in  Table  5-1  and  described  in  detail  in  the 
sections  that  follow. 

Table  5-1  GLU  registers 

GLU  registers Address Type 

Sound  Control  register $C03C R/W 
Data  register $C03D R/W 
Address  Pointer  register,  low  byte $C03E 

R/W 
Address  Pointer  register,  high  byte $C03F R/W 

The  Sound  Control  register 

The  Sound  Control  register  controls  whether  the  microprocessor  accesses  the  DOC  internal 

registers  or  the  Sound  RAM.  This  register  also  controls  whether  or  not  the  Address  Pointer 

registers  auto-increment,  that  is,  increment  automatically  after  every  RAM  read  or  write, 
thereby  avoiding  the  necessity  of  reloading  the  pointers  with  addresses  after  each  access. 

Figure  5-2  shows  the  format  of  the  Sound  Control  register.  Table  5-2  gives  a  description  of 
each  bit. 

A  Warning  Do  not  use  a  read-modify-write  command  when  altering  bits  in  this 

register,  a 
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Figure  5-2        Sound  Control  register  at  $C03C 
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Table  5-2  Bits  in  the  Sound  Control  register 

Bit Value Description 

6 1 

I 0 

I                 5 1 
f 0 

■ 

4 _ 

;           3-0 
_ 

When  this  read-only  bit  is  1,  the  DOC  is  busy.  Loop  on  this 
bit  until  it  is  clear. 

When  this  bit  is  0,  the  DOC  is  free.  The  DOC  will  respond 
to  register  reads  and  writes. 

All  accesses  are  to  the  dedicated  64K  RAM. 

All  accesses  are  to  the  DOC. 

Address  auto-incrementing  is  enabled. 

Address  auto-incrementing  is  disabled;  Address  Pointer 
registers  hold  the  last  value. 

Reserved;  do  not  modify. 

Volume  control:  $0  is  low  volume,  $F  is  high  volume. 

Data  register 

To  load  values  into  the  DOC  registers,  write  to  the  data  register  at  $C03D.  You  also  write  to 
this  register  when  you  want  to  place  values  in  Sound  RAM.  If  the  Sound  Control  register  is  set 
to  access  the  DOC,  writes  to  the  data  register  will  result  in  data  bytes'  being  loaded  into  the 
DOC  register  indicated  by  the  Address  Pointer  registers.  If  the  Sound  Control  register  is  set 

to  access  the  Sound  RAM,  writes  to  the  data  register  will  result  in  data  bytes'  being  loaded 
into  the  Sound  RAM  address  indicated  by  the  Address  Pointer  registers. 
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Address  Pointer  registers 

When  accessing  the  Sound  RAM  (bit  6  set  to  1  in  the  Sound  Control  register),  the  Address 

Pointer  registers  point  to  the  address  of  the  next  byte  in  Sound  RAM.  The  high-byte  Address 

Pointer  register  contains  the  high  8  bits  of  the  1 6-bit  address,  and  the  low-byte  register 
contains  the  low  8  bits. 

When  accessing  the  Sound  DOC  (bit  6  set  to  0  in  the  Sound  Control  register ),  the  high-byte 

Address  Pointer  register  is  ignored  by  the  DOC,  and  the  low-byte  Address  Pointer  register 

points  to  the  DOC  register  to  be  written  or  read  from.  Figure  5-3  shows  the  format  of  the 
Address  Pointer  registers. 

■    Figure  5-3        Address  Pointer  registers 
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Write  operation 

To  write  to  the  DOC  or  Sound  RAM: 

1 .  Set  the  Sound  Control  register 

n   to  point  to  either  the  RAM  or  the  DOC 

n   to  enable  or  disable  auto-incrementing  in  the  Address  Pointer  registers 

2 .  Then  load  the  Address  Pointer  register  with  the  beginning  location  into  which  data  are  to 

be  written.  Do  this  by  writing  the  high  byte  of  the  address  to  the  high-byte  Address 

Pointer  register  at  $C03F,  and  the  low  byte  of  the  address  to  the  low-byte  Address 
Pointer  register  at  $C03E. 

Data  now  written  to  the  data  register  will  be  transferred  by  the  Sound  GLU  into  the 

corresponding  memory  (if  you  are  accessing  RAM)  or  DOC  register  (if  you  are  accessing  the 
DOC). 

If  the  auto-increment  feature  is  enabled,  the  Address  Pointer  register  is  automatically 
incremented  to  the  next  higher  location  or  the  register  with  the  next  higher  address  after  each 
write  to  the  data  register. 
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♦  Note:  Do  not  use  indexed  addressing  mode  when  reading  data  from  or  writing  data  to  the 
data  register.  Indexed  addressing  mode  generates  a  false  read,  which  will  cause  the  sound 
GLU  to  lose  synchronization. 

Read  operation 

The  Sound  RAM  read  operation  is  the  same  as  the  write  operation  with  one  exception: 
Reading  from  the  data  register  lags  by  one  read  cycle.  For  example,  if  you  want  to  read  10 
bytes  from  the  Sound  RAM,  select  the  RAM  by  setting  the  Sound  Control  register  bit  and 

enabling  auto-incrementing.  Then  set  the  Address  Pointer  register  to  the  starting  address  and 
read  the  data  register  11  times,  discarding  the  first  byte  read. 

The  Ensoniq  DOC 

The  Apple  IlGS  uses  the  Ensoniq  5503  Digital  Oscillator  Chip,  a  programmable  sound 
synthesizer  chip  with  32  independent  oscillators,  volume  control,  and  digitizing  capability. 
The  synthesizer  uses  64K  of  RAM  dedicated  to  sound  waveform  storage,  and  interfaces  with 
the  65C816  microprocessor  via  the  Sound  GLU.  Commands  and  data  are  transferred  to  the 

DOC  via  the  GLU,  and  sound  is  output  via  the  built-in  speaker,  external  speaker  jack,  or 
molex  connector  on  the  main  logic  board. 

The  DOC  contains  three  registers  common  to  all  oscillators.  These  are 

■  the  Oscillator  Interrupt  register  ($E0) 

■  the  Oscillator  Enable  register  ($E1) 

■  the  Analog-to-Digital  (A/D)  Converter  register  ($E2) 

Also,  each  oscillator  has  one  of  each  of  the  following  registers  dedicated  to  it: 

■  an  Oscillator  Control  register 

■  an  Oscillator  Data  register 

■  a  Volume  register 

■  a  Frequency  Low  register 

■  a  Frequency  High  register 

■  a  Wavetable  Size  register 

■  a  Wavetable  Pointer  register 
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DOC  registers  common  to  all  oscillators 

The  Oscillator  Interrupt  register  ($E0) 

This  register  contains  the  status  of  the  DOC  interrupt  request  (IRQ)  pin  and  the  number  of 

the  oscillator  that  generated  the  interrupt,  if  any.  When  an  oscillator  reaches  the  end  of  a 
wavetable  and  the  enable  interrupt  (EI)  bit  for  that  oscillator  has  previously  been  set,  the 

IRQ  line  and  bit  7  of  the  Oscillator  Interrupt  register  are  then  set,  and  the  register  number  is 

entered  in  bits  1  through  5  of  the  Oscillator  Interrupt  register.  Figure  5-4  shows  the  format  of 

the  Oscillator  Interrupt  register.  Table  5-3  gives  a  description  of  each  of  the  bits. 

Figure  5-4        Oscillator  Interrupt  register  at  $E0 

Oscillator  number 
  I   

Interrupt  occurred 

Reserved;  do  not  modify  — ' 

7      6      5      4      3      2       10 

Reserved;  do  not  modify  — ' 

The  Oscillator  Enable  register  ($E1) 

The  Oscillator  Enable  register  controls  the  number  of  oscillators  that  are  operating  at  a 

particular  time.  To  enable  1  or  more  oscillators,  multiply  the  desired  quantity  of  oscillators 

(up  to  32)  by  2  and  enter  the  number  in  this  register  at  $E1.  You  may  enter  any  number  from  2 

to  64,  which  will  enable  the  corresponding  oscillators  in  sequential  order.  (Low-numbered 

oscillators  cannot  be  skipped  in  order  to  enable  a  higher-numbered  one.)  A  minimum  of  1 
oscillator  is  always  enabled,  which  is  also  the  reset  default. 
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Table  5-3  Bits  in  the  Oscillator  Interrupt  register 

Bit Value Description 

7 1 

0 

6 _ 

5-1 
— 

No  oscillator  has  generated  an  interrupt. 

One  of  the  32  DOC  oscillators  has  generated  an  interrupt; 
this  bit  reflects  the  status  of  the  IRQ  line. 

Reserved;  do  not  modify. 

Interrupting  oscillator  number;  when  one  of  the  32  DOC 

oscillators  generates  an  interrupt,  the  number  of  the 
oscillator  is  contained  here. 

Reserved;  do  not  modify. 

The  A/D  Converter  register  ($E2) 

The  A/D  Converter  register  contains  the  output  value  of  the  successive-approximation 

analog-to-digital  convener.  An  analog-input  signal  can  be  sampled  at  pin  1  of  the  7-pin  molex 
connector  (J25).  The  result  of  the  conversion  resides  in  the  A/D  Converter  register  at  the 

completion  of  the  conversion.  Reading  this  register  at  $E2  initiates  the  31 -microsecond 
conversion  process.  If  this  register  is  read  before  the  end  of  the  conversion  process,  the 
value  will  be  lost  and  a  new  conversion  will  begin. 

DOC  registers  for  individual  oscillators 

Table  5-4  contains  the  addresses  for  the  registers  dedicated  to  the  individual  oscillators. 

The  Oscillator  Control  registers  ($AO-$BF) 

Each  Oscillator  Control  register  controls  all  functions  of  each  oscillator,  including 

■  which  of  eight  optional  external  analog  multiplexer  channels  an  oscillator  will  use 

■  whether  or  not  an  oscillator  may  generate  an  interrupt 

■  the  oscillator's  mode  of  operation 
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Table  5-4  DOC  register  addresses 

Frequency Frequency Wavetable Wavetable 
Oscillator Low 

High 
Volume Data Pointer Control Size 

nuffllKr register register register register register register register 

$00 $00 $20 $40 $60 $80 
$A0 $co 

$01 $01 
$21 

$41 $61 $81 
$A1 

$C1 $02 $02 
$22 $42 

$62 
$82 $A2 

$C2 

$03 $03 $23 $43 $63 
$83 $A3 $C3 

$04 
$04 $24 

$44 $64 $84 $A4 $C4 

$05 $05 $25 $45 
$65 

$85 $A5 
$C5 

$06 $06 
$26 

$46 $66 $86 $a6 $C6 $07 $07 
$27 $47 $67 $87 $A7 $C7 $08 $08 

$28 $48 
$68 

$88 $A8 
$C8 

$09 $09 $29 
$49 $69 $89 $A9 

$C9 

$0A $0A 
$2A $4A $6a $8A $AA 

$CA 

$0B $0B 
$2B $4B $6B $8B $AB 

$CB 

$0C $0C 
$2C $4C $6C $8C 

$AC $cc 
$0D $0C $2D $4D $6D 

$8D 
$AD 

$CD 

$0E $0E $2E $4E 
$6E $8E $AE 

$CE 

$0F $0F $2F 
$4F $6f $8F $AF 

$CF 

$10 $10 
$30 

$50 $70 $90 
$B0 $D0 

$11 $11 
$31 $51 $71 

$91 $B1 
$D1 

$12 $12 
$32 

$52 $72 $92 $B2 
$D2 

$13 $13 
$33 $53 

$73 $93 $B3 $D3 

$14 $14 

$34 
$54 

$74 
$94 $B4 

$D4 

$15 $15 
$35 

$55 
$75 $95 

$B5 $D5 

$16 
$16 

$36 $56 
$76 $96 $B6 $D6 

$17 $17 
$37 $57 

$77 
$97 $B7 $D7 

$18 $18 
$38 $58 

$78 

$98 
$B8 

$D8 

$19 $19 $39 $59 
$79 

$99 
$B9 

$D9 

$1A $1A $3A $5A 
$7A $9A $BA 

$DA 
$1B 

$1B 
$3B $5B 

$7B 
$9B $BB 

$DB 
$1C $1C $3C $5C $7C 

$9C $BC $DC 
$1D 

$1D 
$3D $5D $7D 

$9D $BD $DD 
$1E* 

$1E 
$3E $5E $7E $9E 

$BE $DE 
$1F* 

$1F 
$3F 

$5F $7F 
$9F 

$BF 
$DF '      These  oscillators  are  reserved  for  system  use.  Use  of  these  oscillators  by  the  user  may  result  in  a  system 

crash. 

The  oscillator  may  function  in  one  of  several  modes: 

■  Free  Run  mode:  The  oscillator  begins  at  the  beginning  of  the  wavetable  and  repeats  the 
same  wavetable.  The  oscillator  will  halt  when  the  halt  bit  is  set  or  when  a  0  is  encountered 
in  the  table  data. 
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■  One  Shot  mode:  The  oscillator  begins  at  the  beginning  of  the  wavetable,  stepping 
through  it  only  once,  and  stopping  at  the  end  of  the  table. 

■  Sync  mode:  You  enable  Sync  mode  by  selecting  even/odd  pairs  of  oscillators  (a  lower 

even-numbered  oscillator  paired  with  an  adjacent  higher-numbered  oscillator).  When  the 

even-numbered  oscillator  begins  its  wavetable,  the  odd-mate  oscillator  will  synchronize 
and  begin  its  wavetable  simultaneously. 

■  Swap  mode:  Uses  even/odd  pairs  of  oscillators  (a  lower  even-numbered  oscillator  paired 

with  an  adjacent  higher  odd-numbered  oscillator).  The  enabled  oscillator  pair  runs  in  One 
Shot  mode.  When  it  reaches  the  end  of  its  wavetable,  it  resets  its  accumulator  to  0,  sets 
its  halt  bit,  and  clears  the  halt  bit  of  its  mate. 

Figure  5-5  shows  the  format  of  this  register.  Table  5-5  gives  a  description  of  each  bit. 

Figure  5-5        Oscillator  Control  register 
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The  Oscillator  Data  registers  ($60-$7F) 

The  Oscillator  Data  registers  are  read-only  registers  and  contain  the  last  byte  read  by  an 
oscillator  from  the  wavetable. 

The  Volume  registers  ($40-$5F) 

The  Volume  registers  contain  an  oscillator's  volume  value.  The  current  wavetable  data  byte  is 
multiplied  by  the  8-bit  volume  value  to  obtain  the  oscillator  final  output  level. 
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Table  5-5  Bits  in  the  Oscillator  Control  register 

Bit  Value  Description 

7-4  -  Channel  address  bits:  Only  the  low  three  bits  are  supported 

by  the  hardware.  Bits  7-4  determine  to  which 
demultiplexer  output  channel  (provided  by  optional 
external  demultiplexer  hardware)  this  oscillator  will  be 

directed.  Connecting  a  demultiplexer  to  the  7-pin  molex 
connector  will  allow  you  to  use  up  to  eight  separate  sound 

channels.  Figure  5-10  shows  an  example  of  how  the  external 

demultiplexer  circuitr)'  may  be  implemented. 
3  1  Interrupts  enabled:  An  interrupt  flag  will  be  set  in  the 

DOC's  Oscillator  Interrupt  register  and  the  DOC  will  assert 
the  IRQ  signal  when  an  oscillator  generates  an  interrupt. 

0  Interrupts  disabled:  The  interrupt  flag  will  not  be  set  in  the 

Oscillator  Interrupt  register  when  an  oscillator  generates  an 
interrupt. 

2-1  -  Oscillator  mode:  Select  the  mode  desired  by  setting  these 
two  bits  as  follows: 

Bit  2 Bit  1 IVIode 

0 0 Free  Run 

0 1 One  Shot 
1 0 

Sync 
1 1 

Swap 

Halted  oscillator:  This  is  a  read/write  bit.  To  halt  the 

oscillator,  set  this  bit.  Certain  modes  (Sync,  Swap.)  will  halt 
the  oscillator  and  set  this  bit  automatically  after 

completion. 
Running  oscillator:  This  bit  is  cleared  if  the  corresponding 

oscillator  is  currently  enabled. 
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The  Frequency  High  and  Frequency  Low  registers  ($00-$3F) 

The  Frequency  High  registers  and  Frequency  Low  registers  are  concatenated  to  create  a  16- 
bit  value  for  each  oscillator.  This  frequency  value  determines  the  speed  at  which  the 

wavetable  is  read  from  memory.  This  speed  indirectly  determines  the  frequency  of  the 

output  signal  at  the  speaker.  The  relationship  between  output  signal  frequency,  wavetable 

scan  rate,  and  the  Frequency  High  and  Frequency  Low  register  values  is 

Output  frequency  = 
SR 

9(l7+RES)      ■""- 

where  the  scan  rate  SR 
894.886KHZ 

OSC  +  2 
and  where  RES  is  the  resolution  value  in  the  Wavetable 

register,  Fj^^  is  the  l6-bit  frequency  value  concatenated  from  the  Frequency  High  and 
Frequency  Low  registers,  and  OSC  is  the  number  of  enabled  oscillators. 

The  Wavetable  Size  registers  ($CO-$DF) 

The  Wavetable  Size  registers  control  the  size  of  the  individual  wavetable  each  oscillator  will 

access.  Figure  5-6  shows  the  format  of  the  Wavetable  Size  register.  Table  5-6  gives  a 
description  of  each  bit.  The  size  of  the  wavetable  for  each  oscillator  can  vaiy  from  256  bytes 

to  32K  in  eight  discrete  steps,  as  shown  in  Table  5-7. 

Figure  5-6        Wavetable  Size  register 

Address  bus 
Table  size  resolution 

~^r 

Reserved;  do  not  modify 

Reserved;  must  be  0  - 

7      6      5      4      3      2       10 
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■    Table  5-6  Bits  in  the  Wavetable  Size  register 

Bit Value Description 

7 

6 

5-3 

2-0 

Reserved;  do  not  modify. 

Extended  addressing:  Tlie  Apple  IlGS  uses  only  64K  for  the 
Sound  RAM  and  has  no  high  memory  bank  available. 
Therefore,  this  bit  must  always  be  set  to  0. 

Table  size:  The  wavetables  may  extend  up  to  32K  in  size, 
but  in  discrete  steps  only.  Wavetables  must  begin  on  a 

page  boundary  ($0C00,  $0D00,  and  so  forth).  Table  5-7 
shows  the  possible  sizes  of  wavetables.  Unused  locations 
within  a  wavetable  should  begin  with  a  minimum  of  eight 
zeros.  Otherwise,  the  oscillator  will  not  halt  when  it 
encounters  these  bytes  and  will  interpret  them  as  data. 

Address  bus  resolution:  The  wavetable  is  played  back  by 
using  every  byte  as  data,  or  only  intermittent  bytes,  as 
desired.  The  address  resolution  bits  determine  whether  or 

not  every  byte  is  used  during  playback.  Figure  5-7  shows 
how  these  bits  effect  wavetable  scanning. 

■    Table  5-7 Wavetable  size  determination 

Bit 

5      4         3 Table  size 

256 

512 1024 
2048 
4096 

8192 

16384 

32768 
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The  Wavetable  Pointer  registers  ($80-$9F) 

This  set  of  registers  contains  the  beginning  page  number  of  the  oscillator's  wavetable.  All 
wavetables  must  begin  on  a  page  boundary  (that  is,  the  first  byte  of  the  page)  and  cannot 

wrap  around  to  low  memory  addresses.  The  value  in  this  register  is  used  in  the  final  address 
calculation. 

Figure  5-7  shows  how  the  final  address  that  is  used  to  obtain  the  next  wavetable  data  byte  is 
calculated.  The  bits  from  the  accumulator  and  the  Wavetable  Pointer  register  are 

concatenated  in  a  varying  ratio  depending  on  the  table  size  and  address  bus  resolution 

parameters  in  the  Wavetable  Size  register.  The  final  address  is  used  by  the  DOC  to  fetch  the 

next  wavetable  data  byte  for  conversion  to  an  analog  value  by  the  digital-to-analog 
converter. 

Making  sound  with  the  DOC 

The  oscillators  in  the  DOC  are  not  oscillators  in  the  traditional  sense:  they  do  not  generate  a 

signal  or  tone.  Instead,  each  oscillator  acts  as  an  address  generator,  pointing  to  a  data  byte 

in  Sound  RAM  that,  together  with  others,  represents  a  signal  that  is  to  be  generated.  The  data 

byte  is  then  converted  to  an  analog  voltage  by  the  digital-to-analog  converter.  These 
sequential  series  of  voltages  make  up  the  output  signal,  which  is  then  filtered  and  amplified 
and  used  to  drive  a  speaker. 

The  data  residing  in  the  Sound  RAM  can  be  placed  there  either  byte  by  byte,  by  manually 

building  the  wavetable  (trial-and-error  method  works  best  here;  try  a  sound,  and  modify  it  as 
you  prefer),  or  by  filling  memory  with  a  digitized  input  signal. 

The  waveshape  of  the  signal  is  determined  by  the  actual  values  of  the  data  bytes  that  make 

up  the  wavetable.  The  pitch  of  the  signal  is  determined  by  the  speed  with  which  the 

wavetable  is  scanned  by  the  DOC.  This  scan  rate  is  the  value  contained  in  the  Wavetable  Size 

register  of  each  oscillator,  and  is  arrived  at  by  using  several  factors.  Figure  5-8  shows  the 

process  used  to  calculate  the  scan  rate.  As  shown  in  Figure  5-7  and  Figure  5-8,  each  address's 
calculation  is  determined  by  the  Frequency  High  and  Frequency  Low  registers  and  the 

Wavetable  Size  register  (made  up  of  table  size  and  address  bus  resolution  data)  associated 
with  each  oscillator. 
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Figure  5-7        Final  address  calculation  in  the  Wavetable  Size  register 

Final  address 

A15    A14   A13    A12    All  AlO    A9     A8      A7       A6       A5       A4        A3        A2 Al       AO 

Table  size Pointer  register  bits Accumulator  bits 
Resolution 
R2  Rl   RO 

256 

A23      A22     A21      A20      A19     A18 

P7       P6     P5     P4     P3     P2     PI     PO 

A22 

A21 
A20 

A19 

A18 

A17 Al6 

through 

through 

through 
through 

through 

through 

through 

A17     A16 

  A15 

  A14   A13 

  A12 
  All 
  AlO 

     A9 

1  1  1 

1  1  0 

1  0  1 

1  0  0 

0  1  1 

0  1  0 

0  0  1 
0  0  0 

512 
P7 

through 
PI 

A23 

A16 

through 

through 

A15 

AB 

1     1     1 

0     0     0 

1024 P7   through   P2 

A23 

A16 

through 

through 

Al4 

A7 

1      1      1 

0     0     0 

2048 
P7  — -  through  —  P3 

A23 

A16 

through 

through 

A13 

A6 

1     1     1 

0     0     0 

4096 P7      through      P4 

A23 

A16 

through 

through 

A12 

A5 

1     1     1 

0     0     0 

8192 P7      P6     P5 

A23 

A16 

through 

through 

All 

A4 

1     1     1 

0     0     0 

16384 P7      P6 

A23 

Al6 

through 

through 

■AlO 

A3 

1     1     1 

0     0     0 

32768 P7 

A23 

Al6 

through 

through 

A9 

A2 

1     1     1 

0     0     0 
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} 

m    Figure  5-8        Generating  the  sound  addresses 

I 

Value  from 

Frequency  High  and 

Frequency  Low  registers 

Address  Pointer  register 

24-bit  adder 

24-bit  accumulator 

Address  bit  multiplexer 
Wavetable  register 

Table  size         Resolution 

16-bit  address 

output  buffer 

The  address  calculation  is  performed  like  this:  Each  time  an  oscillator  is  updated  with  a  new 

address,  the  l6-bit  value  from  the  Frequency  High  and  Frequency  Low  registers  is  added  to 

the  24-bit  accumulator  by  the  adder.  The  24-bit  result  is  also  passed  to  the  address  bit 

multiplexer  and  is  used  to  form  the  final  l6-bit  Sound  RAM  address.  The  resolution  value  in 
the  Wavetable  Size  register  determines  which  of  the  l6  bits  within  the  accumulator  is  used  in 

the  address  calculation.  The  table-size  value  in  the  Wavetable  Size  register  also  determines 
how  many  accumulator  bits  will  be  used  to  calculate  the  final  address. 

The  32  oscillators  are  time-domain  multiplexed,  that  is,  the  DOC  services  each  oscillator  in 
its  turn.  With  all  oscillators  enabled,  the  DOC  takes  approximately  38  microseconds  to 

service  all  32.  Figure  5-9  shows  an  example  of  a  signal  resulting  from  the  combined  output  of  4 

oscillators.  This  signal  is  then  filtered,  or  smoothed,  to  remove  the  high-frequency 

components,  leaving  only  waveforms  in  the  audio-frequency  range. 
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Digitized  soundwaves  are  built  by  using  consecutive  data  bytes  (known  collectively  as  a 
wavetable)  in  dedicated  Sound  RAM.  Each  of  the  32  oscillators  reads  these  bytes  in 
sequential  order  at  a  speed  that  is  programmable.  This  speed  determines  the  frequency  at 
which  the  waveform  is  reproduced,  while  the  actual  data  in  RAM  determine  the  shape  of  the 
output  waveform.  The  volume  for  each  oscillator  is  also  programmable. 

Figure  5-9        Combined  output  of  time-domain  multiplexed  oscillators 
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Sound  input  and  output  specifications 

The  7-pin  molex  connector  is  used  for  sound  input  and  output  to  and  from  the  Apple  IlGS. 

The  electrical  specifications  for  these  inputs  and  outputs  are  listed  in  Table  5-8. 

Table  5-8  Sound  input  and  output  electrical  specifications  for  connector  J-25 

Signal 
Fin Maximum Units 

A/D  converter  input 1 

2.5 

Volts  peak-to-peak,  full- 
scale  conversion 

Input  impedance 1 

3,000 

ohms 

Analog  GND 2 - - 

Analog  output 3 
-5  to  +5 

Volts  peak-to-peak 
Output  load 3 10,000 ohms,  minimum 
Channel  address  0 4 LS  TTL  load 

Channel  address  1 5 LS  TTL  load 

Channel  strobe* 
6 LS  TTL  load 

Channel  address  2 7 LS  HL  load 

*      Channel  strobe  goes  low  when  the  channel  address  is  valid. 

Figure  5-10  shows  an  example  of  a  demultiplexer  circuit  that  can  be  designed  to  produce 
stereo  (two-channel)  sound,  using  the  analog  output  from  the  DOC.  The  sound  output  at  pin 
3  will  be  demultiplexed  according  to  addresses  supplied  by  pins  4,  5,  and  7.  These  addresses 

are  those  specified  by  each  Oscillator  Control  register.  A  more  complex  circuit  could  handle 

as  many  as  eight  unique  sound  channels.  For  correct  sound-channel  demultiplexing,  be  sure  to 
set  the  channel  bits  in  each  Oscillator  Control  register  to  the  appropriate  value. 
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Figure  5-10      A  two-channel  demultiplexer  circuit 
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Further  reading 

To  learn  more  about  synthesized  music  and  sound,  you  may  want  to  read  this  book: 

Chamberlin,  Hal.  Musical  Applications  of  Microprocessors.  Hasbrouck  Heights,  NJ,  Berkeley, 
CA:  Hayden  Books,  1985. 
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Chapter  6   The  Apple  Desktop  Bus 

The  Apple  Desktop  Bus  (ADB)  is  a  method  for  connecting  input  devices 

(such  as  a  keyboard  or  a  mouse)  with  the  Apple  IlGS  computer.  The 

Apple  Desktop  Bus  consists  of  the  ADB  GLU,  the  ADB  microcontroller 

chip,  and  the  Apple  Desktop  Bus  cables.  Figure  6-1  shows  the 
relationship  of  the  ADB  components  in  the  Apple  IlGS  computer. 

121 



Figure  6-1        ADB  components  in  the  Apple  IIGS 
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The  ADB  microcontroller  controls  devices  on  the  bus  by  receiving  commands  from  the 
65C816  microprocessor,  and  then  sending  appropriate  ADB  commands  to  and  receiving  data 
from  the  input  devices  on  the  bus.  Microcontroller  commands  (those  received  from  the 

65C816)  are  located  in  ROM.  Figure  6-2  shows  the  relationship  of  ADB  components  in  the 
host  computer  to  the  bus  devices  (keyboards,  mouse  devices,  and  so  on). 
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For  the  remainder  of  this  chapter,  the  computer  will  be  referred  to  as  the  host,  and  the  input 

devices  (for  example,  a  keyboard  or  a  mouse)  connected  to  the  bus  as  devices. 

Figure  6-2        ADB  components 

Mouse 

♦    Note:  To  keep  compatibility  with  future  Apple  II  products  using  the  ADB,  use  the  Apple 
Desktop  Bus  Tool  Set  in  ROM.  Directly  accessing  some  of  the  ADB  registers  may  cause 

the  system  to  crash.  (For  more  information  on  the  ADB  Tool  Set,  refer  to  the  Apple  IlGS 
Toolbox  Reference.) 

The  input  bus 

All  input  devices  share  the  input  bus  with  the  host.  This  bus  consists  of  a  4-wire  cable  and 
uses  4-pin  mini-DIN  jacks  at  the  host  and  at  each  device.  Figure  6-3  shows  the  pin 

configuration  of  the  ADB  connectors  and  Table  6-1  lists  the  description  of  each  pin.  ADB 

devices  may  use  the  +5-volt  power  supplied  by  the  bus,  but  must  not  draw  more  than  500  mA 
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total  for  all  devices.  All  devices  are  connected  in  parallel,  using  the  signal,  power,  and  ground 
wires.  Cables  should  be  no  longer  than  5  meters,  and  total  cable  capacitance  should  not 
exceed  100  picoFarads  per  meter. 

Figure  6-3        Mini-DIN  connector  pin  configuration  used  in  the  ADB 

Host  connector 

Table  6-1  Pin  assignments  of  the  ADB  connectors 

Pin Description 

Data 

Reserved 

+5-volt  power  supply  at  500  niA  for  all  devices 
Ground 

The  keyboard 

The  keyboard  uses  the  Apple  Desktop  Bus  to  communicate  with  the  processor.  All  input 

devices  are  connected  to  the  ADB  and  are  controlled  by  the  keyboard  microcontroller.  This 

controller  supports  reading  of  the  keyboard  by  standard  Apple  II  application  programs. 

The  Apple  IlGS  keyboard  has  automatic  repeat,  which  means  that  if  you  press  any  key  longer 
than  you  would  during  normal  typing,  the  character  code  for  that  key  will  be  sent 

continuously  until  you  release  the  key.  The  speed  at  which  the  key  repeats,  and  the  delay 

before  it  repeats,  may  be  set  from  the  Control  Panel.  (See  the  section  "Modifier  Key 

Register,"  later  in  this  chapter,  for  more  information.) 
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Any  number  of  modifier  keys  may  be  held  down  and  an  additional  key  pressed  will  be 

recognized.  This  is  called  n-key  rollover.  The  alphanumeric  keys  do  not  have  this  ability.  Any 
two  alphanumeric  keys  pressed  simultaneously  will  be  recognized.  A  third  key  pressed  will 

not  be  recognized.  This  is  called  2-key  lockout. 

Apple  IlGS  computers  manufactured  for  sale  outside  the  United  States  have  slightly  different 

standard  keyboard  arrangements.  The  different  keyboards  are  shown  in  Appendix  B. 

ADB  and  the  upgraded  Apple  lie 

The  Apple  IlGS  can  be  used  with  a  standard  Apple  He  keyboard  when  an  Apple  He  is 

upgraded  with  an  Apple  IlGS  logic  board.  The  Apple  lie  keyboard  is  then  used  as  the  primary 
input  device,  rather  than  the  ADB  keyboard.  The  Apple  He  keyboard  is  read  just  like  the 

standard  keyboard  in  an  Apple  He,  and  is  not  subject  to  the  Apple  Desktop  Bus  protocols. 

Reading  the  keyboard 

The  ADB  microcontroller  generates  all  128  ASCII  codes,  so  all  the  special  character  codes  in 

the  ASCII  character  set  are  available.  Application  programs  obtain  character  codes  from  the 

keyboard  by  reading  a  byte  from  the  keyboard  data  location  shown  in  Table  6-2  (the 
Keyboard  Data  register). 

Table  6-2  Keyboard  Data  locations 

Location 

\ 

Hex  Dec  Description 

$C000    49152  Keyboard  Data  register  and  strobe 

$C010    49168  Any-key-down  flag  and  clear-strobe  switch 

Your  programs  can  get  the  code  for  the  last  key  pressed  by  reading  the  Keyboard  Data 

register  located  at  $C000.  Table  6-2  gives  this  location  in  two  different  forms:  The 
hexadecimal  value,  indicated  by  a  preceding  dollar  sign  ($),  is  used  in  assembly  language;  the 
decimal  value  is  used  in  Applesoft  BASIC. 

The  low-order  seven  bits  of  the  byte  at  the  keyboard  data  location  contain  the  character 

code;  the  high-order  bit  of  this  byte  is  the  strobe  bit,  described  below. 
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Your  program  can  find  out  whether  any  key  is  down,  except  the  Reset,  Control,  Shift,  Caps 

Lock,  Command,  and  Option  keys,  by  reading  from  location  49152  ($C000).  The  high-order 

bit  (bit  7)  of  the  byte  you  read  at  this  location  is  called  any-key-doivn;  it  is  1  if  a  key  is  down 
and  0  if  no  key  is  down.  The  value  of  this  bit  is  128;  if  a  BASIC  program  gets  this  information 

with  a  PEEK,  the  value  is  128  or  greater  if  any  key  is  down,  and  less  than  128  if  no  key  is 
down. 

The  strobe  bit  is  the  high-order  bit  of  the  Keyboard  Data  register.  After  any  key  has  been 
pressed,  the  strobe  bit  is  high.  It  remains  high  until  you  reset  it  by  reading  or  writing  at 

location  SCOIO.  This  location  is  a  combination  flag  and  soft  switch;  the  flag  tells  whether  any 

key  is  down,  and  the  switch  clears  the  strobe  bit.  In  this  case,  it  doesn't  matter  whether  the 

program  reads  or  writes,  and  it  doesn't  matter  what  data  the  program  writes:  The  only  action 
that  occurs  is  the  resetting  of  the  keyboard  strobe.  (See  the  Apple  IlGS  Firmware  Reference 
for  information  on  firmware  for  reading  the  keyboard.) 

♦   Note:  Any  time  you  read  the  any-key-down  flag,  you  also  clear  the  keyboard  strobe.  If 
your  program  needs  to  read  both  the  flag  and  the  strobe,  it  must  read  the  strobe  bit  first. 

After  the  keyboard  strobe  has  been  cleared,  it  remains  low  until  another  key  is  pressed.  Even 
after  you  have  cleared  the  strobe,  you  can  still  read  the  character  code  at  the  keyboard 

location.  The  data  byte  has  a  different  value,  because  the  high-order  bit  is  no  longer  set,  but 

the  ASCII  code  in  the  seven  low-order  bits  is  the  same  until  another  key  is  pressed.  Appendix 
D  contains  the  ASCII  codes  for  the  keys  on  the  keyboard. 

There  are  several  special  function  keys  that  do  not  generate  ASCII  codes.  For  example, 

pressing  the  Control,  Shift,  or  Caps  Lock  key  directly  alters  the  character  codes  produced  by 

the  other  keys.  In  the  Apple  IlGS,  you  can  determine  the  state  of  these  modifier  keys  by 
reading  the  modifier  key  register  within  the  ADB  microcontroller,  described  later  in  this 
chapter. 

The  Control-Command-Reset  key  combination  is  different  from  all  other  key  combinations 
on  the  ADB  keyboard  in  that  it  generates  a  special  key  code.  When  the  ADB  microcontroller 

detects  the  reset  key  combination,  the  program  currently  running  in  memory  is  halted  and  the 

system  asserts  the  RESET  line  and  restarts  the  computer.  This  restarting  process  is  called  the 

reset  routine.  (To  read  about  the  reset  routine,  see  the  Apple  IlGS  Firmware  Reference.) 
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The  ADB  microcontroller 

The  ADB  microcontroller  is  an  intelligent  controller  IC  that  oversees  the  Apple  Desktop  Bus, 
The  M50740  microcontroller  uses  a  superset  of  the  6502  instruction  set,  and  contains  96  bytes 

of  RAM  and  3K  of  ROM,  The  ADB  microcontroller  operates  asynchronously,  transmitting 
commands  and  data  to  and  receiving  data  from  the  bus  devices.  To  ensure  compatibility 
with  future  versions  of  ADB,  use  the  ADB  commands  in  the  ROM  toolbox  to  communicate 

with  the  ADB,  To  find  out  how  to  use  the  toolbox  in  the  system  ROM,  see  the  Apple  IIGS 
Toolbox  Reference. 

The  ADB  GLU 

The  ADB  General  Logic  Unit  (GLU)  works  together  with  the  ADB  microcontroller  to  form  an 

intelligent  input-device  interface.  The  ADB  GLU,  located  on  the  main  logic  board,  uses  two 
independent  data  buses  that  serve  as  a  communications  interface  between  the  ADB 

microcontroller  and  the  system  bus.  This  interface  is  accomplished  by  using  multiple  internal 
read/write  registers  to  store  keyboard  data,  key  modifiers,  mouse  X  and  Y  coordinates, 
command  data,  and  .status  information. 

The  ADB  GLU  registers 

The  ADB  GLU  contains  five  data  and  control  registers.  These  registers  are  used  for  storing 
keyboard  data  and  commands,  key  modifiers,  mouse  X  and  Y  coordinates,  and  status 
information.  The  registers  are 

■  ADB  Command/Data  register  ($C026) 

■  Keyboard  Data  register  ($C000) 

■  Modifier  Key  register  ($C025) 

■  Mouse  Data  register  (SC024) 

■  ADB  Status  register  ($C027) 

All  registers  except  the  status  registers  have  a  .status  flag  that  is  set  to  1  when  the  register  is 
written  to,  and  cleared  to  0  when  the  register  is  read.  Each  of  the  data  registers  also  has  an 
interrupt  flag  that  generates  system  interrupts,  if  interrupts  are  enabled.  These  status  and 

interrupt  flags  are  located  in  the  status  register.  These  registers  are  described  in  the  following 
sections. 
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ADB  Command/Data  register 

The  ADB  Command/Data  register  is  a  dual-function  register  used  to  communicate  with  ADB 
devices.  To  send  a  command  to  a  device  on  the  bus,  write  the  command  byte  to  this  register 
at  address  $C026.  To  check  the  status  of  an  ADB  device,  read  this  register  at  the  same 

address.  Figure  6-4  shows  the  format  of  the  ADB  Command/Data  register  when  it  is  read. 
Table  6-3  gives  a  description  of  each  bit. 

Figure  6-4        ADB  Command/Data  register  at  $C026 

7 5      4 

Response/status  ■ 

Abort/CTRLSTB  flush  ■ 

Reset  key  sequence  — ' 

Buffer  flush  key  sequence 

Service  request  valid  - 

Number  of  data  bytes  returned  ■ 

1       0 

Keyboard  Data  register 

The  Keyboard  Data  register  contains  the  ASCII  value  of  the  last  key  pressed  on  the 

keyboard.  The  high  bit  is  set  when  a  new  key  has  been  pressed.  Figure  6-5  shows  the  format 

of  this  register.  Table  6-4  gives  a  description  of  each  bit. 

Figure  6-5        Keyboard  Data  register  at  $C000 

Key  strobe  — ' 

ASCII  code 
  I   

7      6      5      4      3      2       10 
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Table  6-3  Bits  in  the  ADB  Command/Data  register 

Bit  Value  Description 

7  1  When  this  bit  is  1,  the  ADB  microcontroller  has  received  a 

response  from  an  ADB  device  previously  addressed. 

0  No  response. 

6  1  When  this  bit  is  1,  and  only  this  bit  in  the  register  is  1,  the 
ADB  microcontroller  has  encountered  an  error  and  has 

reset  itself.  When  this  bit  is  1  and  bit  4  is  also  1,  the  ADB 

microcontroller  should  clear  the  key  strobe  (bit  7  in  the 

Keyboard  Data  register  at  $C000). 
0 

5  1  When  this  bit  is  1,  the  Control,  Command,  and  Reset  keys 
have  been  pressed  simultaneously.  This  condition  is  usually 
used  to  initiate  a  cold  start  up. 

0  Reset  key  sequence  has  not  been  pressed. 

4  1  When  this  bit  is  1,  the  Control,  Command,  and  Delete 
keys  have  been  pressed  simultaneously.  This  condition 

will  result  in  the  ADB  microcontroller's  flushing  all  internally 
buffered  commands. 

0  Buffer  flush  key  sequence  has  not  been  pressed. 

3  1  When  this  bit  is  1,  a  valid  service  request  is  pending.  The 
ADB  microcontroller  will  then  poll  the  ADB  devices  and 
determine  which  has  initiated  the  request. 

0  No  service  request  pending. 

2-0  -  The  number  of  data  bytes  to  be  returned  from  the  device 
is  listed  here. 

Table  6-4  Bits  in  the  Keyboard  Data  register 

Bit  Value  Description 

7  -  This  bit  is  1  when  a  key  has  been  pressed,  and  indicates 
that  the  ASCII  value  in  bits  6  through  0  are  valid.  This  bit 

must  be  cleared  after  reading  the  data  by  reading  or 

writing  to  any  address  from  $C010  through  $C01F. 

6-0  -  ASCII  data  from  the  keyboard. 
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Modifier  Key  register 

The  Modifier  Key  register  contains  bits  that  reflect  the  status  of  the  modifier  keys.  These 

keys  include  the  standard  Shift,  Control,  Command,  and  Caps  Lock  keys,  as  well  as  keys  on 

the  numeric  keypad.  Figure  6-6  shows  the  format  of  this  register.  Table  6-5  gives  a 
description  of  each  bit. 

Table  6-5 Bits  in  the  Modifier  Key  register 

Bit Value Description 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

when  this  bit  is  1,  the  Command  key  has  been  pressed. 

When  this  bit  is  0,  the  Command  key  has  not  been  pressed. 

When  this  bit  is  1,  the  Option  key  has  been  pressed. 

When  this  bit  is  0,  the  Option  key  has  not  been  pressed. 

When  this  bit  is  1,  the  modifier  key  latch  has  been 

updated,  but  no  key  has  been  pressed. 

When  this  bit  is  1,  a  numeric  keypad  key  has  been  pressed. 

When  this  bit  is  0,  a  numeric  keypad  key  has  not  been 

pressed. When  this  bit  is  1,  a  key  is  being  held  down. 

When  this  bit  is  0,  no  key  is  being  held  down. 

When  this  bit  is  1,  the  Caps  Lock  key  has  been  pressed. 

When  this  bit  is  0,  the  Caps  Lock  key  has  not  been  pressed. 

When  this  bit  is  1,  the  Control  key  has  been  pressed. 

When  this  bit  is  0,  the  Control  key  has  not  been  pressed. 

When  this  bit  is  1,  the  Shift  key  has  been  pressed. 

When  this  bit  is  0,  the  Shift  key  has  not  been  pressed. 

Mouse  Data  register 

The  ADB  mouse,  when  moved,  generates  movement  data  that  are  transmitted  to  the  host. 

These  data,  along  with  the  mouse  button  status,  are  available  in  the  Mouse  Data  register. 

Figure  6-7  shows  the  format  of  this  register.  Table  6-6  gives  a  description  of  each  bit. 

♦    Note:  Read  this  register  only  twice  in  succession.  The  first  read  returns 

Y-coordinate  data,  and  the  second  read  returns  X-coordinate  data.  Reading  this  register 
an  odd  number  of  times  will  result  in  a  random  movement  of  the  cursor. 
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Figure  6-6        Modifier  Key  register  at  $C025 

7      6      5      4      3      2       1 

Apple  key  down  - 

Option  key  down  — ' 

Updated  modifier  key  latch  — ' 

Keypad  key  down  ■ 

Repeat  function  - 

Caps  Lock  key  down  — ' 

Control  key  down  - 

Shift  key  down  - 

Figure  6-7        Mouse  Data  register  at  $C024 

Mouse  movement 

,   '   N 

Current  button  status  - 

Delta  movement  sign  bit  • 

7      6      5      4      3      2       10 

Table  6-6  Bits  in  the  Mouse  Data  register 

Bit Value Description 

7 

6 

5-0 

Current  mouse  status:  When  this  bit  is  1,  the  mouse  button is  up. 

When  this  bit  is  0,  the  mouse  button  is  down. 

Delta  sign  bit:  if  this  bit  is  1,  the  delta  value  is  negative. 

If  this  bit  is  0,  the  delta  value  is  positive. 

The  relative  mouse  movement  data  are  returned  here. 
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ADB  Status  register 

The  ADB  Status  register,  located  at  $C027,  contains  flags  that  relate  to  mouse  and  keyboard 

data  and  status.  Figure  6-8  shows  the  format  of  the  ADB  Status  register.  Table  6-7  gives  a 
description  of  each  bit. 

Figure  6-8        ADB  Status  register  at  $C027 

7      6      5      4      3      2      10 

Mouse  Data  register  full  — ' 

Mouse  interrupt  enable/disable  — ' 

Data  register  full 

Data  interrupt  enable/disable  — ^ 

Keyboard  Data  register  full  — ' 

Keyboard  interrupt  enable/disable 

Mouse  X-  and  Y-Coordinate  registers  available  — ' 

Command  register  full  — ' 

Table  6-7  Bits  in  the  ADB  Status  register 

Bit Value Description 

0 

1 

0 

1 

When  this  bit  is  1,  the  Mouse  Data  register  at  $C024  is  full 

(read-only  bit) 

When  this  bit  is  0,  the  Mouse  Data  register  is  empty. 

When  this  bit  is  1,  the  mouse  interrupt  is  enabled 

(read/write  bit),  and  an  interrupt  is  generated  when  the 

Mouse  Data  register  contains  valid  data. 

When  this  bit  is  0,  the  mouse  interrupt  is  disabled. 

When  this  bit  is  1,  the  Command/Data  register  contains 

valid  data  (read-only  bit) 

When  this  bit  is  0,  the  Command/Data  register  contains  no 
valid  data. 

When  this  bit  is  1,  the  Command/Data  interrupt  is  enabled 

(read/write  bit),  and  an  interrupt  is  generated  when  the 
Command/Data  register  contains  valid  data. 
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■    Table  6-7  Bits  in  the  ADB  Status  register  (Continued) 

Bit  Value  Description 

0  When  this  bit  is  0,  the  data  interrupt  is  disabled. 

1  When  this  bit  is  1,  the  Keyboard  Data  register  is  full  (read- 
only bit).  This  bit  is  set  when  the  Keyboard  Data  register  is 

written  to. 

0  When  this  bit  is  0,  the  Keyboard  Data  register  is  empty. 
This  bit  is  cleared  when  the  Keyboard  Data  register  is  read 
or  the  ADB  Status  register  is  read. 

1  When  this  bit  is  1,  the  keyboard  data  interrupt  is  enabled 
(read/write  bit),  and  an  interrupt  is  generated  when  the 
Keyboard  Data  register  contains  valid  data 

0  When  this  bit  is  0,  the  keyboard  data  interrupt  is  disabled. 

1  When  this  bit  is  a  1,  mouse  X-coordinate  data  is  available 
in  the  Mouse  Data  register  (read-only  bit) 

0  When  this  bit  is  a  0,  mouse  Y-coordinate  data  is  available 
in  the  Mouse  Data  register. 

1  Command  register  full  (read-only  bit).  This  bit  is  set  when 
the  Command/Data  register  is  written  to. 

0  Command  register  empty.  This  bit  is  cleared  when  the 
Command/Data  register  is  read. 

Bus  communication 

The  host  communicates  with  the  devices  on  the  bus  by  sending  commands  and/or  data  to  a 
device.  A  device  may  respond  to  commands  by  sending  data  back  to  the  host.  This  form  of 
communication  uses  strings  of  bits,  each  making  up  a  packet.  A  data  transfer  or  transaction 
consists  of  a  complete  communication  between  the  host  and  a  device;  for  example,  it  may 
be  a  command  packet  sent  by  the  host  to  request  data  from  a  device,  followed  by  a  data 
packet  sent  from  the  device  to  the  host.  Depending  upon  the  type  of  command  sent  by  the 
host,  the  device  will  send  two  to  eight  data  bytes  back. 

Figure  6-9  shows  how  duty-cycle  modulation  represents  bits  on  the  bus.  A  low  period  of  less 
than  35  percent  of  the  bit-cell  time  is  interpreted  as  a  1.  A  low  period  of  greater  than  65 
percent  of  the  bit-cell  time  is  interpreted  as  a  0. 
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Figure  6-9        Bit  representation  via  duty-cycle  modulation 

Duty  cycle  <35% 
of  bit-cell  time 

represents  1 

Duty  cycle  >65% 
of  bit-cell  time 

represents  0 

r 1 

Commands  and  global  signals 

Communications  on  the  bus  are  of  two  types:  Commands  that  are  sent  by  the  host  to  a 

specific  device,  and  global  signals  that  instruct  all  devices  to  perform  a  predefined  function. 
The  four  commands  in  the  command  set  are 

■  Listen 

■  Talk 

■  Device  Reset 

■  Flush 

Certain  signals,  however,  are  neither  commands  nor  data  transactions.  These  are  special 
signals  that  the  host  or  a  device  uses  to  broadcast  status  globally  to  all  devices  on  the  bus. 
There  are  four  signals  in  the  global  signal  group: 

■  Attention 

■  Sync 

■  Global  Reset 

■  Service  Request 

The  following  paragraphs  describe  each  of  these  device  commands  and  global  signals. 

Transactions 

A  transaction  is  a  bus  communication  between  the  host  and  a  device,  or  vice  versa.  A 
command  (Listen,  Talk,  Device  Reset,  Flush)  initiates  a  transaction.  A  transaction  consists 
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1 
1 

of  a  command  packet  sent  by  the  host  followed  by  a  data  packet  of  several  bytes  by  either 
the  host  or  a  device.  A  command  packet  consists  of 

■  an  attention/sync  signal 

■  one  command  byte 

■  one  stop  bit 

A  data  packet  consists  of 

■  a  start  bit 

■  two  to  eight  (8-bit)  data  bytes 

■  one  stop  bit 

Figure  6-10  shows  a  typical  transaction  on  the  Apple  Desktop  Bus,  consisting  of  a  command 
packet  followed  by  a  data  packet. 

■  Figure  6-10      A  typical  transaction 

Command  packet Stop-to-start time 1  data  packet 

Attention 

and  Svnc Address  5 

ir 

ir 

LISTEN 
Register  0 

fl...^ Stop 

Start 

2-8  bytes 

of  data 

Stop 

To  indicate  the  end  of  the  command  packet,  the  command  ends  with  a  stop  bit  after  the 

last  command  bit-cell.  Then  the  transaction  is  complete  and  the  host  releases  its  control  of 
the  bus.  (The  bus  is  always  floating  in  a  high  state  until  a  device  or  the  host  initiates  a 
transaction.)  The  identical  scheme  is  used  for  the  data  packet. 

Note  that  the  stop-bit-to-start-bit  time  is  critical;  the  host  requires  this  minimum 

turnaround  delay  to  allow  for  internal  overhead.  Table  6-8  lists  the  timing  maximum  and 
minimum  parameters  for  ADB  signals. 
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Table  6-8         ADB  timing  specifications 

Parameter Minimum  Maximum Unit 

Bit-cell  time 
70 

130 microseconds 
"0"  low  time 60 

70 percent  of  bit-cell  time "1"  low  time 

30 

40 
percent  of  bit-cell  time 

Attention 

560 

1040 microseconds 
Global  Reset 

2.8 

5.2 

milliseconds 

Sync 
60 

70 percent  of  bit-cell  time 
Service  request 

140 260 microseconds 

Stop  bit  to  start  bit  time 
140 260 

microseconds 

Commands 

A  command  is  sent  by  the  host  to  one  specific  device  address.  Only  the  host  can  send 
commands.  There  are  four  commands:  The  Talk  command  is  used  to  acquire  data  from  a 

device;  the  Listen  command  is  used  to  place  data  in  a  device  register  or  to  get  a  device  to 
perform  some  new  function;  the  Device  Reset  command  reinitializes  the  device;  and  the 

Flush  command  is  device  specific. 

A  command  is  an  8-bit  word  that  has  a  specific  syntax  (as  shown  in  Table  6-9): 

■  A  4-bit  field  that  specifies  the  address  of  the  desired  device.  (The  addresses  range  from  0 
through  15  [address  bits  3  through  0].) 

■  A  4-bit  command  and  register  address  code. 

♦   Note:  To  allow  for  future  expansion  of  the  command  structure,  Apple  Computer,  Inc.  has 

reserved  a  group  of  instructions  that  are  currently  treated  as  no-ops  (no  operation 
performed).  Use  of  commands  not  listed  will  result  in  possible  incompatibility  with 

future  Apple  products. 

Talk 

The  Talk  command  is  a  request  of  the  device  to  transmit  the  contents  of  one  of  the  device's 
registers  (0  through  3).  When  the  host  addresses  a  device  to  Talk,  the  device  must  respond 
with  data  before  the  host  times  out  (does  not  receive  data  within  the  specified  time).  The 
selected  device  performs  its  data  transaction  and  releases  the  bus. 
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Table  6-9  Command  byte  syntax 

Bit    7 

Device  address 
Co mmanc 

code 
1    Register 

code 

7       6 5 4 3 2 1 0 tommand 

X       X X X 0 0 0 0 Send  Reset 

A3    A, 

A, 
An 

0 0 0 1 Flush 

X       X X X 0 0 1 0 Reserved 
X        X X X 0 0 1 1 Reserved 

X       X X X 0 1 X X Reserved 

A3    A, 

Ai 
Ao 

1 0 

•"i 

ro 

Listen 

A3    A, 

Ai 

Ao 

1 1 h 
■"o 

Talk 

Note:  X  =  ignored;  r  =  register  number;  A3  through  AO  =  bits  1 1  through  8  of  register  3. 

Listen 

The  Listen  command  is  a  request  of  the  device  to  store  the  data  being  transmitted  in  one  of 
the  internal  registers  (0  through  3).  When  the  host  addresses  a  device  to  Listen,  the  device 

receives  the  next  data  packet  from  the  host  and  places  it  in  the  appropriate  register.  After 
the  stop  bit  following  the  data  is  received,  the  transaction  is  complete  and  the  host  releases 

the  bus.  If  the  addressed  device  detects  another  command  on  the  bus  before  it  receives  any 
data,  the  original  transaction  is  immediately  considered  complete. 

Send  Reset 

When  a  device  receives  a  Send  Reset  command,  it  will  clear  all  pending  operations  and  data, 
and  will  initialize  to  the  power-on  state.  The  Send  Reset  is  not  device  specific;  it  is  sent  to 
all  devices  on  the  bus  simultaneously. 

Flush 

This  is  a  device-specific  command  that  will  clear  all  pending  commands  from  the  device. 

Broadcast  signals 

Broadcast  signals  are  transmitted  on  the  bus  but  do  not  address  any  specific  device.  This 
way,  all  devices  receive  the  signals  and  respond  simultaneously.  There  are  four  broadcast 
signals:  Attention,  Sync,  Global  Reset,  and  Service  Request. 
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Attention  and  Sync 

The  start  of  every  command  is  indicated  by  a  long  low  Attention  signal  that  the  host  sends  on 

the  bus.  This  signal  is  followed  by  a  short  high  Sync  pulse  that  signals  the  beginning  of  the 

initial  bus  timing.  The  falling  edge  of  the  sync  pulse  is  used  as  a  timing  reference,  after  which 

the  first  command  bit  follows.  Figure  6-11  shows  the  format  of  the  Attention  and  Sync 

signals. 

Figure  6-11      Attention  and  Sync  signals 

Attention 

Sync If  1 
•        •        • 

Global  Reset 

When  the  bus  is  held  low  for  a  minimum  of  2.8  milliseconds,  a  Global  Reset  is  initiated.  Only 

the  host  may  issue  this  signal,  which  forces  all  bus  devices  to  reset.  Note  that  the  Global 

Reset  signal  differs  from  the  Device  Reset  command:  The  Device  Reset  command  addresses 

one  specific  device,  and  resets  that  device.  The  Global  Reset  signal  is  received  by  all  devices 
and  forces  all  devices  to  reset. 

Service  Request 

A  Service  Request  signal  is  used  to  inform  the  host  that  a  device  requires  service,  as,  for 
example,  when  there  are  data  to  send  to  the  host.  Only  a  device  can  issue  a  Service  Request. 

Following  any  command  packet,  a  requesting  device  can  signal  a  Service  Request  by  holding 

the  bus  low  during  the  low  portion  of  the  stop  bit  of  the  last  command  transaction.  Holding 

the  bus  low  in  this  manner  lengthens  the  stop  by  a  minimum  of  140  microseconds  beyond  its 

normal  bit-cell  boundary.  Figure  6-12  shows  the  format  of  the  Service  Request  signal. 
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Figure  6-12       Service  Request 

Normal  stop  bit  cell 

f               1 

• 

L J 

Stop  bit  extended  by 
140  microseconds,  which 
indicates  a  Service  Request 

A  device  will  signal  a  Seirice  Request  repeatedly  until  it  is  served.  When  a  device  has 

requested  service  (at  which  point  the  host  does  not  know  which  device  sent  the  request), 
the  host  will  poll  each  of  the  devices  by  sending  a  Talk  register  0  command  (discussed  later  in 

this  chapter),  beginning  with  the  last  active  device.  Only  the  device  that  has  data  to  send 

(the  device  that  sent  the  Service  Request)  will  respond  to  the  Talk  command. 

When  the  host  commands  the  requesting  device  to  Talk,  the  device  is  considered  served  and 

does  not  send  a  Ser\'ice  Request  signal  again  until  it  needs  to  be  served  again.  The  ho,st  can 
enable  and  disable  the  ability  of  a  device  to  send  a  Service  Request  at  any  time.  ADB  mouse 

devices  are  prohibited  by  the  Apple  IlGS  from  issuing  Ser\'ice  Requests.  All  other  ADB 
devices  may  issue  Service  Requests,  as  long  as  the  device  has  not  been  prohibited  from 
sending  a  Service  Request.  (See  description  of  register  3,  later  in  this  chapter.) 

Error  conditions 

If  the  bus  level  remains  low  for  a  significant  time  period,  all  devices  reset  themselves  and 

output  a  L  If  a  command  transaction  is  incomplete  by  .staying  high  beyond  the  maximum 

bit-cell  time,  all  devices  ignore  the  command  and  wait  for  an  Attention  signal. 
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Apple  Desktop  Bus  peripheral  devices 

All  devices  on  the  Apple  Desktop  Bus  are  slaves;  only  the  host  (the  computer)  may  send 
commands.  Devices  transmit  on  the  bus  only  after  they  have  been  requested  by  the  host. 

A  device  that  receives  a  Talk  command  (and  has  data  to  send)  sends  the  data  and  then 

releases  control  of  the  bus.  If  a  device  has  been  addressed  but  has  no  data  to  send,  it  does 

not  respond  and  allows  the  host  to  time  out  (waiting  for  data,  none  arrives).  The  host  may 
also  send  a  Listen  command  to  the  addressed  device  followed  by  data  in  a  separate  packet. 

Device  registers 

All  devices  have  four  locations  to  receive  data.  These  are 

Register  0 
Talk: 
Listen: 

Register  1 
Talk; 

Listen: 

Register  2 
Talk: 
Listen: 

Register  3 
Talk: 
Listen: 

Data  register,  device  specific 

Data  register,  device  specific 

Data  register,  device  specific 

Data  register,  device  specific 

Data  register,  device  specific 
Status  or  data,  device  specific 

Status  information,  including  the  device  address  handler 

Status  information,  including  the  device  address  handler 

Register  0 

Register  0  is  a  data  register  and  contains  data  that  will  be  sent  to  the  host  in  response  to  a 

Talk  register  0  command.  Figures  6-13  and  6-14  show  the  format  of  register  0  as  used  in  a 

keyboard  and  a  mouse  device,  and  Tables  6-10  and  6-11  describe  each  bit  in  these  registers. 
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Figure  6-13       Keyboard  register  0 
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Keycode  2  - 

Key  released  —^ 

Keycode  1  —^ 

Table  6-10        Bits  in  keyboard  register  0 

Bit 

15 

14-8 
7 

6-0 

Value 

1 

0 

1 

0 

Description 

Key  released  indicator:  When  this  bit  is  1,  the  key 
represented  by  keycode  2  is  up. 

When  this  bit  is  0,  the  key  represented  by  keycode  2  is 
down. 

Keycode  2:  The  7-bit  ASCII  value  of  the  last  key  pressed. 
Key  released  indicator:  When  this  bit  is  I,  the  key 
represented  by  keycode  1  is  up. 

When  this  bit  is  0,  the  key  represented  by  keycode  1  is 
down. 

Keycode  1:  The  7-bit  ASCII  value  of  the  last  key  pressed. 
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Figure  6-14      Mouse  register  0 
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Moved  up  — 

Y  move  value  — 

Always  a  1  -^ Movec right 
— 

X  move  value  - 

Table  6-11        Bits  in  mouse  register  0 

Bit Value Description 

15 

14 

13-8 

7 

6 

5-0 

1 

0 

Button  pressed  indicator:  Wlien  tliis  bit  is  1,  tiie  mouse 
button  is  up. 

When  tiiis  bit  is  0,  the  mouse  button  is  down. 

Movement  indicator:  When  this  bit  is  1,  the  mouse  has 

moved  up  along  the  Y  axis. 

When  this  bit  is  0,  the  mouse  has  moved  down  along  the  Y 
axis. 

Y  movement  value:  This  field  contains  the  value  of  the 

relative  mouse  movement  along  the  Y  (vertical)  axis. 

Always  a  1. 

Movement  indicator:  When  this  bit  is  1,  the  mouse  has 

moved  left  along  the  X  axis. 

When  this  bit  is  0,  the  mouse  has  moved  right  along  the  X 
axis. 

X  movement  value:  This  field  contains  the  value  of  the 

relative  mouse  movement  along  the  X  (horizontal)  axis. 
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Register  1 

Register  1,  like  register  0,  is  a  data  register,  but  it  is  device  specific.  The  function  of  this 

register  is  not  defined  for  use  by  the  ADB  protocol,  but  it  may  be  used  by  the  application 
program  for  any  data  function. 

■I 

Register  2 

This  register  is  a  data  register  and  is  device  specific.  In  response  to  the  Talk  register  2 

command,  the  device  will  send  the  contents  of  this  register  onto  the  bus.  In  response  to  the 

Listen  register  2  command,  the  device  will  store  the  data  sent  to  the  device,  as  defined  by 

the  device's  specification. 

Register  3 

This  register  is  a  status  and  command  register  that  contains  a  handler  code  and  the  device 

address.  The  host  may  change  the  contents  of  this  register  with  a  Listen  register  3  command. 

Figure  6-15  shows  the  format  of  register  3,  and  a  description  of  each  bit  follows  in  Table  6-12. 

Figure  6-15       Device  register  3 

15 

14 

13 

Reserved;  must  be  0 

Exceptional  event 

Service  Request  enable  — ' 

Reserved;  must  be  0  — ' 

12 

11 10 

Device  address  — ' 

_y    v_ 

Device  handler  — ' 
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Table  6-12        Bits  in  device  register  3 

Bit Value Description 

15 

14 

13 

12 

11-8 

7-0 

Reserved;  must  be  0. 

Exceptional  event,  device  specific.  In  the  ADB  keyboard, 
this  bit  indicates  that  the  Reset  key  has  been  pressed. 

No  exceptional  event  has  occurred. 

Service  Request  enable:  When  this  bit  is  1,  the  device  may 

transmit  a  Service  Request.  See  the  section  "Service 

Request  Enable/Disable,"  later  in  this  chapter,  for  more details  on  this  function. 

When  this  bit  is  0,  the  device  may  not  transmit  a  Service 

Request. 
Reserved;  must  be  0. 

Device  address:  This  field  contains  the  device's  unique  bus 
address.  The  possible  addresses  are  listed  in  Table  6-14. 
Device  handler:  This  field  contains  the  special  handler 
code  that  defines  the  function  of  the  device.  See  the  next 

section,  "Device  Handlers,"  for  a  list  of  unique  handlers. 

Device  handlers 

Device  handlers  provide  a  means  for  a  device  to  function  in  more  than  one  manner.  By 

sending  a  new  handler  ID,  the  device  can  be  instructed  to  perform  a  new  function. 

There  are  two  kinds  of  handlers:  reserved,  and  all  others.  There  are  four  reserved  device 

handlers,  listed  in  Table  6-13.  Other  handlers  may  be  used  for  special  device  functions,  but 

new  device  handlers  defined  by  third-party  developers  must  first  be  registered  with  Apple 
Computer,  Inc. 

Upon  receiving  a  resen'ed  device  handler,  the  device  will  immediately  perform  the  new 

function.  The  device  will  not  store  the  reserved  handler  in  register  3:  only  device-defined 
handler  codes  are  stored.  All  unrecognized  handlers  are  ignored. 

Device  addresses 

Each  peripheral  device  is  preassigned  a  4-bit  command  address,  which  identifies  its  device 
type.  For  example,  all  relative  devices,  such  as  a  mouse,  power  up  at  address  3-  Most  devices 
have  movable  addresses.  That  is,  the  host  can  assign  a  new  address  to  the  device.  The  host 
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Table  6-13        Reserved  device  handlers 

Handler Definition 

$FF 
$FE 

$FD 

$00 

$00 

Initiates  a  self-test  in  the  device. 

As  Listen  register  3  data,  instructs  the  device  to  change  the  address  field  to 
the  new  address  sent  by  the  host  if  no  collision  has  been  detected. 

As  Listen  register  3  data,  instructs  the  device  to  change  the  address  field  to 

the  new  address  sent  by  the  host  if  the  activator  is  pressed. 

As  Listen  register  3  data,  instnicts  the  device  to  change  the  address  and 
enable  fields  to  the  new  values  sent  by  the  host. 

As  data  sent  in  response  to  a  Talk  register  3  command,  indicates  that  the 
device  failed  a  self-test. 

must  assign  a  new  address  when  two  devices  have  the  same  default  address  (such  as  two 
mouse  devices);  one  must  be  moved  to  a  new  address.  A  device  will  always  default  to  its 

assigned  address  upon  power-on  or  after  it  detects  an  ADB  reset.  Currently,  eight  addresses 
are  predefined  or  reserved.  The  other  eight  addresses  are  available  for  movable  devices.  This 

means  that  ADB  can  support  up  to  nine  mouse  devices,  keyboards,  or  graphics  tablets  at  the 

same  time,  each  one  with  a  unique  address.  Table  6-14  lists  all  the  possible  device  addresses. 

■     Table  6-14        Device  addresses 

Address 
Device 
class 

Device 

type 
Example 

$01 

Keseiveu 

Reserved _ 

$02 
Encoded  devices Movable 

Keyboard $03 Relative  devices Movable Mouse 

$04 
Absolute  devices Movable 

Graphics  tablet 
$05 Reserved - - 

$06 
Reserved - - 

$07 Reserved - - 

$08 Soft  address Movable 

Any 

$09 Soft  address Movable 

Any 

$0A 
Soft  address Movable 

Any 

$0B Soft  address Movable 

Any 

$0C 
Soft  address Movable 

Any 

$0D Soft  address Movable 

Any 

$0E 
Soft  address Movable 

Any 

$0F 
Soft  address Movable 

Any 
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Collision  detection 

All  devices  must  be  able  to  detect  collisions.  If  a  device  is  attempting  to  output  a  bit  and 
the  data  line  is  forced  low  by  another  device,  it  has  lost  a  bit  in  collision  with  the  other 
device.  If  another  device  sends  data  before  the  device  is  able  to  assert  its  start  bit,  it  has 

lost  a  collision.  The  losing  device  should  immediately  stop  transmitting  and  preserve  the 
data  that  were  being  sent.  A  device  sets  an  internal  flag  if  it  loses  a  collision. 

♦    Note:  Devices  using  internal  clocks  that  operate  within  ±1  percent  should  attempt  to 
assert  their  start  bit  at  a  random  time  within  the  limits  of  the  bus  turnaround  time. 

To  aid  in  collision  detection,  the  address  field  of  register  3  is  replaced  with  a  random  number 

in  response  to  a  Talk  register  3  command.  A  device  will  change  its  device  address  to  this  new 
address  as  long  as  it  has  not  detected  a  collision.  A  device  that  has  detected  a  collision  will 

not  change  its  address  during  the  next  Listen  register  3  command. 

At  the  systems  level,  a  host  can  change  the  addresses  of  normal  devices  by  using  this 
technique.  By  issuing  a  Talk  register  3  command  and  following  it  with  a  Listen  R3  command 

with  a  new  address  in  bits  8  to  11  of  the  data  packet,  the  host  moves  all  devices  that  did  not 

detect  a  collision  to  the  new  address.  Typically,  only  one  device  will  not  detect  a  collision. 

This  technique  can  be  repeated  at  new  addresses  until  the  response  to  the  Talk  register  3 

command  is  a  time-out  (no  response).  This  process  can  be  used  to  identify  and  relocate 
multiple  devices  of  the  same  type  after  system  initialization. 

A  normal  device  may  have  an  optional  activator  on  it.  The  activator  can  be  a  special  key  on  a 

keyboard  or  a  mouse  button.  At  the  application  level,  addresses  can  be  changed  by  the 

host's  displaying  a  message  requesting  a  user  to  use  the  activator  (hold  down  a  key).  By  using 
the  Listen  register  3  command,  the  host  can  move  the  device  with  the  activator  pressed  to  a 

new  address.  This  method  can  be  used  by  an  application  program  to  identify  and  locate 

individual  devices  in  multi-user  applications.  Also,  certain  reserved  handlers  are  used  to 
facilitate  both  address-changing  methods. 

Service  Request  enable/disable 

It  is  possible  to  control  the  ability  of  a  device  to  transmit  a  Service  Request.  To  disable  a 

device's  ability  to  send  a  Service  Request,  set  bit  12  in  register  3  to  0;  to  enable  it,  set  this  bit 
to  1.  This  feature  is  useful  in  an  application  where  the  Service  Request  response  time  in  a 
polled  system  is  longer  than  desired.  When  only  specific  devices  are  required  for  an 
application,  the  others  can  be  disabled. 
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1  MB  Apple  IIGS 

The  1  MB  Apple  IlGS  main  logic  board  includes  a  redesigned  ADB  microcontroller.  This  IC 

has  RAM  expanded  to  96  bytes,  and  ROM  expanded  to  4K.  The  new  ROM  code  supports 

sticky  keys  and  the  ADB  mouse  functions.  This  information  is  provided  here  for  developers 

who  may  have  need  to  provide  these  functions  in  a  third-party  ADB  device.  For  complete 

instructions  on  using  sticky  keys  and  ADB  mouse,  see  the  Apple  IlGS  Oivner's  Guide. 

Sticky  keys 

The  new  ADB  microcontroller  provides  a  new  feature  useful  to  anyone  who  is  limited  to 

pressing  only  one  key  at  a  time.  By  enabling  sticky  keys,  any  combination  of  modifier  keys 

(Shift,  Command,  Option,  Control)  can  be  achieved  by  pressing  the  keys  sequentially  rather 

than  simultaneously.  Table  6-15  lists  these  functions  and  the  action  required  to  implement 
each. 

Table  6-15        Sticky  keys  functions 

Function Action 

Enable  sticky  keys 

Enable  a  modifier  key 

Lock  down  modifier  key 

Disable  a  modifier  key 
Disable  sticky  keys 

Press  Shift  key  five  times 
Press  the  modifier  key  once 

Press  the  modifier  key  twice 

Press  the  modifier  key  a  total  of  three  times 

Press  Shift  key  five  times 

ADB  mouse 

The  ADB  microcontroller  provided  with  the  1  MB  Apple  IlGS  includes  the  ADB  mouse 

feature.  This  feature  allows  users  to  use  the  numeric  keypad  on  the  ADB  keyboard  to  control 

mouse  functions.  Figure  6-16  shows  the  key  functions,  and  Table  6-16  lists  the  mouse 
functions  and  the  keys  that  implement  these  functions. 
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Figure  6-16      ADB  mouse  keypad 
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Table  6-16        ADB  mouse  functions 

Function Action 

Enable  ADB  mouse. 

Click  mouse  button. 

Lock  down  mouse  button. 
Release  mouse  button. 

Click  second  mouse  button. 

Lock  down  second  button. 

Release  second  button. 

Set  cursor  increment. 

Set  cursor  default. 

Disable  ADB  mouse. 

Press  Shift-Command-Clear  key  sequence. 
Press  keypad  5. 

Press  keypad  0. 

Press  keypad  decimal. 

Press  keypad  "-". 

Press  keypad  "=". 

Press  keypad  "/". 
Press  keypad  "*"  followed  by  0-9. 

Press  keypad  "»"  twice. Press  the  Clear  key. 
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Chapter  7   Built-in  I/O  Ports  and  Clock 

The  Apple  IlGS  has  several  means  for  data  input  and  output.  The  primary 

output  device  is  the  video  output,  covered  in  Chapter  4.  Keyboards  and 

mouse  devices  provide  input.  Another  means  of  I/O  available  is  the  I/O 

expansion  slots,  covered  in  Chapter  8. 

The  disk  port,  the  two  serial  ports,  and  the  game  port  provide 
additional  I/O.  Another  I/O  device,  although  internal  to  the  Apple  IlGS, 

is  the  real-time  clock  (RTC).  This  chapter  describes  the  disk-port 

connector,  serial  ports,  the  game  port,  and  the  real-time  clock  in  the 

Apple  IlGS.  Figure  7-1  shows  the  Apple  IlGS  block  diagram  and  position 
of  these  I/O  devices  within  the  system. 
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Figure  7-1        I/O  components  of  the  Apple  IlGS  described  in  this  chapter 
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The  disk  port 

The  Apple  IlGS  uses  a  disk-port  connector,  located  on  the  back  of  the  computer,  which  is 
compatible  with  all  3.5-inch  Apple  11  disk  drives  and  most  5.25-inch  Apple  II  disk  drives.  The 
firmware  routines  within  the  ROM  make  communicating  with  the  disk  drives  reliable  and 
consistent. 
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A  Warning  Using  means  other  than  documented  entry  points  and  Apple  IIGS  ROM 
firmware  routines  to  communicate  with  the  disk  drives  is  extremely 

dangerous.  Not  only  do  you  run  the  risk  of  crashing  the  operating  system, 

but  the  potential  for  damaging  data  on  your  system  disk  is  high.  It  is 

recommended  that  you  use  firmware  calls  when  accessing  all  disk  devices 

connected  to  your  Apple  IIGS.  ▲ 

Apple  II  compatibility 

The  Apple  IlGS  uses  the  same  disk  drive  interface  as  the  Apple  lie  and  He.  Programs  written 

for  both  of  these  earlier  computers  will  run  on  the  Apple  IIGS.  The  firmware  recognizes 

ProDOS  block  device  calls  and  SmartPort  interface  calls  to  both  the  Apple  UniDiskT*-'  35. 

inch  and  Apple  DuoDisk®  5.25-inch  disk  drives. 

To  find  out  how  to  use  the  ProDOS  block  device  calls,  see  the  ProDOS  8  Technical  Reference 

Manual.  To  find  out  how  to  use  the  SmartPort  interface  calls,  see  the  Apple  IlGS  Firmware 

Reference. 

The  disk-port  connector 

The  disk-port  connector  is  located  at  the  rear  of  the  Apple  IlGS  case.  It  is  a  19-pin 
connector.  Figure  7-2  shows  the  connector.  Table  7-1  gives  a  description  of  each  pin. 

Figure  7-2        Disk-port  connector 
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Chapter  7  Built-in  I/O  Ports  and  Clock        151 



Table  7-1 Pins  on  the  disk-port  connector II 
Pin 

Signal Description 

1,2,3 GND Ground  reference  and  supply 

4 3.5DISK 3.5-  or  5.25-inch  drive  select 

5 

-12V 
-12-volt  supply 

6 
+5V +5-volt  supply 

7,8 
+  12V +12-volt  supply 

9 DR2 Drive  2  select 
10 WRPROTECT Write-protect  input 
11 Phase  0 Motor  phase  0  output 
12 Phase  1 Motor  phase  1  output 13 

Phase  2 Motor  phase  2  output 
14 Phase  3 

Motor  phase  3  output 15 WREQ 
Write  request 

16 HDSEL Head  select 
17 

DRl Drive  1  select 
18 

RDDATA Read  data  input 19 

WDATA Write  data  output 

▲  Warning  The  power  connections  on  this  disk  port  are  for  use  by  the  disk  drive 
only.  Do  not  use  them  for  any  other  purpose.  Any  other  use  of  these 

connections  may  damage  the  computer's  voltage  regulator.  ▲ 

The  Disk  Interface  register 

The  Disk  Interface  register  ($C031)  serves  as  a  control  register  for  the  disk  drive.  By  writing 
to  this  register,  you  select  the  type  of  disk  drive  being  used  and  the  side  of  the  disk  to  be 
accessed. 

This  register  uses  only  two  bits,  which  are  both  cleared  on  reset.  When  the  Disk  Interface 

register  is  read,  O's  are  returned  in  the  unused  positions  (bits  5  through  0).  Figure  7-3  shows 
the  format  for  this  register.  Descriptions  of  each  bit  are  listed  in  Table  7-2. 

▲  Warning  Be  careful  when  changing  bits  within  this  register.  Use  only  a  read- 
modify-write  instruction  sequence  when  manipulating  bits.  See  the 
warning  in  the  preface.  ▲ 
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Figure  7-3        Disk  Interface  register  at  $C031 
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Table  7-2  Bits  in  the  Disk  Interface  register 

Bit Value Description 

5-0 

Read/write  head  select  bit:  A  1  in  this  position  selects 
head  1. 

A  0  selects  head  0. 

Disk  drive  select  bit:  A  1  in  this  position  selects  3.5-inch 
disks. 

A  0  selects  5.25-inch  disks. 
Reserved;  do  not  modify. 

ThelWM 

The  disk-port  interface  is  enhanced  by  the  Integrated  Woz  Machine  (IWM),  which  simplifies 

the  microprocessor's  task  of  reading  and  writing  senal  group-code  recording  (GCR)  encoded 
data  to  and  from  the  disk  drives.  To  perform  disk  operations,  the  microprocessor  simply 
reads  or  writes  control  and  data  bytes  to  or  from  the  IWM. 

▲  Warning  Writing  directly  to  the  IWM  is  extremely  dangerous.  Not  only  do  you  run 
the  risk  of  crashing  the  operating  system,  but  the  potential  for  damaging 
data  on  your  system  disk  is  high.  It  is  recommended  that  you  use 
firmware  calls  when  accessing  all  disk  devices  connected  to  your 

Apple  IIGS.  ▲ 

The  IWM  contains  several  typical  disk  support  circuits,  which  make  writing  data  to  the  disk 

possible.  These  are  the  discriminator,  the  phase-locked  loop,  the  data  separator,  and  the 
write  current  circuitry. 
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The  IWM  contains  several  registers  that  allow  you  to  control  disk  access: 

■  the  Mode  register 

■  the  Status  register 

■  the  Handshake  register 

■  the  Data  register 

The  IWM  is  mapped  as  an  internal  device  with  soft  switches  at  addresses  $COEO  through 
$COEF.  These  are  the  same  addresses  as  in  the  Apple  lie.  Table  7-3  shows  these  locations  and 
their  functions. 

■    Table  7-3  Disk-port  soft  switches 

Address Description 

$COEO Stepper  motor  phase  0  low 
$C0E1 Stepper  motor  phase  0  high 
$C0E2 Stepper  motor  phase  1  low 
$C0E3 Stepper  motor  phase  1  high 
$C0E4 Stepper  motor  phase  2  low 
$C0E5 Stepper  motor  phase  2  high 
$C0E6 Stepper  motor  phase  3  low 
$C0E7 Stepper  motor  phase  3  high 
$C0E8 Drive  disabled 

$C0E9 Drive  enabled 

$COEA Drive  0  select 

$COEB Drive  1  select 

$COEC Q6  select  bit  low 
$COED Q6  select  bit  high 
$COEE Q7  select  bit  low 
$COEF Q7  select  bit  high 

Soft  switches  Q6  and  Q7  are  select  bits  for  accessing  registers  within  the  IWM.  By  setting  or 
clearing  the  Q6,  Q7,  and  spindle  motor  switches,  you  may  read  or  write  to  one  of  the  internal 
IWM  registers,  as  listed  in  Table  7-4. 

154       Apple  IIGS  Hardware  Reference 



Table  7-4 IWM  states 

Q7 

Q6 

Spindle motor 

Operation 

0 0 1 Read  Data  register 

0 1 X Read  Status  register 

1 0 X Read  Handsliake  register 

1 1 0 Write  Mode  register 

1 1 1 Write  Data  register 

The  drive-enable  soft  switches  and  the  drive-select  switches  control  the  state  of  the  disk- 

select  signals  DRl  and  DR2  located  at  the  disk-port  connector.  Table  7-5  shows  how  these 
soft  switches  determine  the  state  of  the  disk-select  signals. 

>    Table  7-5 Controlling  the  disk  select 
signals 

Soft  switches 
Disk port  signals 

$C0E8 $C0E9 
$COEA SCOEB 

DRl DR2 

0  0 

1  0 

0  1 

The  Mode  register 

The  Mode  register  is  a  write-only  register  and  contains  bits  that  control  the  state  of  the  IWM. 

These  bits  are  shown  in  Figure  7-4.  Table  7-6  gives  a  description  of  these  bits.  To  write  to  the 
Mode  register,  set  the  appropriate  soft  switches  required  to  access  the  Mode  register.  (See 

Table  7-4.)  Writing  to  any  odd  IWM  address  ($COEO  through  $COEF)  will  write  to  this  register. 

♦   Note:  Writing  to  the  Mode  register  will  succeed  only  after  the  one-second  timer  has 
timed  out. 
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Table  7-6 Bits  in  the  Mode  register 

Bit Value Description 

7 
6-5 

4 1 

0 

1 

0 

1 

0 

1 

0 

1 

Reserved;  do  not  modify. 

Reserved;  always  write  0. 

8-MHz  read-clock  speed  selected. 

7-MHz  read-clock  speed  selected.  Set  this  bit  to  0  for  all 
Apple  IIGS  disk  accesses. 

Bit-cells  are  2  microseconds;  used  in  accesses  to  Apple 
3.5-inch  drives. 

Bit-cells  are  4  microseconds;  used  in  accesses  to  SmartPort 

devices  and  all  Apple  5.25-inch  disk  drives. 
One-second  timer  is  disabled. 

One-second  timer  is  enabled.  When  the  current  disk  drive 
is  deselected,  the  drive  will  remain  enabled  for  1  second  if 
this  bit  is  set. 

Asynchronous  handshake  protocol  selected;  for  all  except 

Apple  5.25-inch  Apple  disk  drives. 
Synchronous  handshake  protocol  selected;  for  Apple 
5.25-inch  disk  drives. 

Latch  mode  is  enabled;  read-data  byte  remains  valid  for 

full  byte  time  (16  microseconds  if  using  2-microsecond 

bit-cells;  32  microseconds  if  using  4-microsecond 
bit-cells). 

Latch  mode  is  disabled;  read-data  byte  remains  valid  for 
approximately  7  microseconds. 

Figure  7-4        Mode  register 

Reserved;  do  not  modify  ■ 

V   J 

Reserved;  must  be  0  — ' 

Data  rate  — ' 

Bit  cell  size  — ' 

1 -second  timer  enable  — ' 

Synchronous/asynchron
ous  

mode  — ' 

Latch  mode  enable  — ' 
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The  Status  register 

The  Status  register  is  a  read-only  register  and  contains  bits  that  refleet  the  current  state  of 

the  disk  interface.  These  bits  are  shown  in  Figure  7-5.  Table  7-7  gives  a  description  of  each 
bit.  To  read  from  the  Status  register,  set  the  appropriate  soft  switches  required  to  access  the 

Status  register.  (See  Table  7-4).  Reading  from  any  even  IWM  address  ($COEO  through  $COEF) 
will  read  from  this  register. 

Figure  7-5        Status  register 

Same  as  Mode  register  bits  0-4 

Sense  input  — ' 

Reserved;  do  not  modify  - 

Drive  enabled  - 

7      6      5      4      3      2       10 

Table  7-7 Bits  in  the  Status  register 

Bit Value Description 

6 

5 

4-0 

1 

0 

1 

Sense  input  line  from  disk  device.  Multifunction  input;  use 

determined  by  disk  device.  (Used  as  a  write-protect  sense 
in  some  Apple  disk  drives.) 

Reserved;  do  not  modify. 

Either  drive  1  or  drive  2  is  selected  and  the  drive  motor  is  on. 

No  drive  is  currently  selected. 

Same  as  Mode  register  bits  4-0.  (See  Figure  7-4  and 
Table  7-6). 
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The  Handshake  register 

The  Handshake  register  is  a  read-only  register  that  contains  the  status  of  the  IWM  when 
writing  out  the  data  to  the  disk  drive.  The  format  of  this  register  is  shown  in  Figure  7-6. 

Table  7-8  gives  a  description  of  the  bits.  To  read  from  the  Handshake  register,  set  the 
appropriate  soft  switches  required  to  access  the  Handshake  register.  (See  Table  7-4.) 
Reading  from  any  even  IWM  address  ($COEO  through  $COEF)  will  read  from  this  register. 

Figure  7-6        Handshake  register 

Resen'ed;  do  not  modify 

Read/Write  data  register  ready  ■ 

Write  state  - 

7      6      5      4      3      2       10 

Table  7-8  Bits  in  the  Handshake  register 

Bit Value Description 

7 1 

0 

6 1 

0 

5-0 1 

Read/ write  data  register  is  ready  for  data. 

Read/write  data  register  is  full. 

No  write  underrun  has  occurred;  the  last  write  to  the  disk 
drive  was  successful. 

A  write  underain  has  occurred;  a  recent  data  byte  was 
missed  and  not  written  to  the  disk. 

Reserved;  do  not  modify. 
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The  data  register 

The  Data  register  is  a  dual-function  register.  Depending  on  the  state  of  soft  switches  Q6  and 

Q7  (Table  7-3),  this  register  functions  as  a  Read-Data  register  and  a  Write-Data  register.  See 

Table  7-4  for  the  state  of  these  bits  when  reading  from  and  writing  to  this  register.  To  read 
from  the  Data  register,  set  the  appropriate  soft  switches  required  to  read  the  Data  register. 

(See  Table  7-4.)  Reading  from  any  even  IWM  address  ($COEO  through  $COEF)  will  read  from 
this  register.  To  write  to  the  Data  register,  set  the  appropriate  soft  switches  required  to 

write  to  the  Data  register.  (See  Table  7-4.)  Writing  to  any  odd  IWM  address  (SCOEO  through 
$COEF)  will  write  to  this  register. 

The  serial  ports 

The  Apple  IlGS  has  two  RS-232-C  serial  ports  located  at  the  back  of  the  computer,  which 
provide  synchronous  and  asynchronous  serial  communications.  Each  of  these  ports  may  be 

used  to  drive  a  modem,  printer,  plotter,  or  other  serial  device,  or  as  an  AppleTalk  local  area 
network  port.  These  serial  ports  are  called  channel  A  and  channel  B,  and  are  virtually  identical 

except  for  the  different  addresses  assigned  to  each.  Only  the  firmware  differs  in  the  way  the 

routines  utilize  the  hardware  to  provide  RS-232  or  AppleTalk  protocol.  Figure  7-7  shows  the 

pin  organization  of  the  serial-port  connectors.  Table  7-9  gives  a  description  of  the  signals. 

♦    Note:  Remember  that  firmware  for  serial  ports  A  and  B  is  located  in  the  ROM  space  for 
slots  1  and  2.  Because  the  AppleTalk  firmware  operates  through  either  port  A  or  port  B, 

one  of  the  slots  (1  or  2)  must  be  available  to  the  AppleTalk  firmware.  See  the  Apple  IlGS 

Owner's  Guide  for  details  on  choosing  serial-port  functions  from  the  Control  Panel. 

Figure  7-7        Pin  configuration  of  a  serial-port  connector 
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Table  7-9  Pins  on  a  serial-port  connector 

Ffal 
Signal Description 

1 DTR Data  terminal  ready 

2 HSKI Handshake  in 

3 
TX  Data  - Transmit  data  - 

4 GND Ground  reference  and  supply 

5 
RX  Data  - Receive  data  - 

6 TX  Data  + Transmit  data  + 
7 GPI General  purpose  input 
8 RX  Data  + Receive  data  + 

Noncompatibility  with  ACIA 

Previous  Apple  II  computers  use  an  asynchronous  communications  interface  adapter  (ACIA) 
chip,  either  built  into  the  computer  (as  in  the  Apple  lie),  or  on  a  peripheral  card  (as  used  in 
the  Apple  He),  to  control  the  serial  ports  in  the  computer.  Due  to  the  great  difference  in 

internal  architecture  of  the  ACIA  and  the  Serial  Communications  Controller  (SCC)  chip, 

previous  Apple  II  programs  that  do  not  use  the  serial-port  firmware  calls  but  rather 
communicate  directly  to  the  ACIA  will  be  incompatible  with  the  Apple  IlGS  serial  ports. 

Existing  Apple  II  programs  not  using  the  serial-port  firmware  calls  must  be  rewritten,  using 
firmware  routines  or  SCC  commands. 

The  Serial  Communications  Controller 

The  Apple  IlGS  uses  a  Zilog  8530  Serial  Communications  Controller  (SCC)  chip  to  control  the 

two  serial  ports.  The  SCC  is  a  programmable,  dual-channel,  multiprotocol  data 

communications  chip  as  well  as  a  parallel-to-serial/serial-to-parallel  converter  and  controller. 

The  SCC  has  on-chip  baud-rate  generators  and  phase-locked  loops,  which  reduce  the  need  for 

additional  support  circuitry.  Figure  7-8  is  a  block  diagram  showing  major  functional 
segments  of  the  Zilog  SCC. 
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■     Figure  7-8         Zilog  Serial  Communications  Controller  chip  (Reproduced  by  permission. 
©  1986  Zilog,  Inc.  This  material  may  not  be  reproduced  without  the 
consent  of  Zilog,  Inc.) 
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To  communicate  with  the  SCC,  you  must  address  one  SCC  Command  register  and  one  SCC 

Data  register  for  each  of  the  two  serial  ports.  ThCcSe  register  addresses  are  listed  in 
Table  7-10. 

Table  7-10        SCC  Command  and  SCC  Data  register  addresses 

Register Channel  A Channels 

SCC  Command 

SCC  data 

$C039 

$C03B 

$C038 

$C03A 
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Through  these  two  registers,  you  can  access  the  9  SCC  read  registers  and  the  15  SCC  write 
registers  for  each  channel.  These  registers  and  their  functions  are  listed  in  Table  7-11  and 

Table  7-12.  Figure  7-9  is  a  diagram  showing  the  major  data  paths  within  the  Zilog  SCC, 

Table  7-11        SCC  read  register  functions 

Read  register  Functions 

0  Transmit/receive  buffer  status 
External  status 

1  Receive  status 
Residue  codes 

Error  conditions 

2  Interrupt  vectors 

3  Interrupt  pending  bits  (channel  A) 
8                      Receive  buffer 

10  Transmit  and  receive  status 

12  Baud-rate  generator  time  constant,  low  byte 
13  Baud-rate  generator  time  constant,  high  byte 
15                      External  status 

Interrupt  control 

♦ Note:  If  you  wish  to  use  the  SCC  without  utilizing  the  firmware  routines,  you  must 
initialize  and  communicate  with  the  SCC  in  proper  sequence.  Details  of  how  to  program 
the  SCC  may  be  found  in  the  Z8530  SCC  Serial  Communications  Controller  Technical 
Manual  (September,  1986),  from  Zilog  Corporation. 
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Table  7-12        SCC  write  register  functions 

Write  register  Functions 

0 Register  pointers 
CRC  initialization 
Mode  resets 

1 Interrupt  conditions 

Wait/DMA  request  control 
2 Interrupt  vector 
3 Receive  byte  format 

Receive  CRC  enable 

4 Transmit/receive  clock  rate,  sync  byte  format 

5 Transmit  byte  format 
Transmit  CRC  enable 

6 Sync/SDLC  byte  format 
8 Transmit  buffer 

9 Master  interrupt  bits 
Reset  bits 

Interrupt  daisy  chain 
10 

Transmit/receive  control 

Data  encoding  format 
11 Receive  and  transmit  clock  control 

12 Baud-rate  generator  time  constant,  low  byte 
13 

Baud-rate  generator  time  constant,  high  byte 
14 Baud-rate  generator  control 

Phase-locked  loop  control 
Echo  and  loopback 15 
External  interrupt  control  status 
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Figure  7-9        Data  paths  in  the  Zilog  SCC  (Reproduced  by  permission.  ©  1986  Zilog, 
Inc.  This  material  may  not  be  reproduced  without  the  consent  of 
Zilog,  Inc.) 
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The  game  I/O  port 

All  Apple  II  computers  have  a  game  I/O  port  to  which  joysticks  or  hand-controls  can 
connect.  These  controls  allow  users  to  provide  mechanical  input  to  a  game  program,  which 
analyzes  these  inputs  and  responds  accordingly. 

Four  digital  switch  inputs  (SWO  through  SW3)  are  provided,  as  well  as  four  analog  hand 

control  inputs  (PDLO  through  PDL3)  and  four  digital  annunciator  outputs  (ANO  through  AN3). 

The  following  sections  describe  these  inputs  and  outputs  in  detail. 
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Game  I/O 

The  Mega  II  supports  hand-control  inputs  PDLO  through  PDL3  and  switch  inputs  SWO  through 
SW3.  These  inputs  are  available  through  the  l6-pin  DIP  game  connector  (J21)  located  below 
slot  4,  and  through  the  9-pin  connector  (J9)  that  is  located  at  the  rear  panel.  Annunciator 
outputs  ANO  through  AN3  are  provided  by  the  Slotmaker  IC  and  are  available  only  through 
the  l6-pin  DIP  connector.  Unlike  previous  Apple  II  computers,  the  STROBE  output  is  not 
available  on  the  game  I/O  port.  Figure  7-10  shows  the  two  Apple  IIGS  game  connectors. 
Table  7-13  lists  the  locations  of  the  game  I/O  signals. 

Figure  7-10       Game  I/O  connectors 

.©©©©©. 
,©©©©, 

Table  7-13        Game  I/O  signals 

Kn  number 

Signal 

J21 

J9 

Description 

1 2 

+5V 
+5  volts 

2 7 SWO Switch  input  0 

3 1 SWl Switch  input  1 

4 6 SW2 Switch  input  2 

5 - 
+5V +5-volt  puUup 

6 5 PDLO Analog  input  0 

7 4 PDL2 Analog  input  2 

8 3 GND Power  and  signal  ground 

9 - 
SW3 

Switch  input  3 

10 8 PDLl Analog  input  1 

11 9 
PDL3 

Analog  input  3 
12 - 

AN3 

Digital  output  3 13 
- AN2 Digital  output  2 

14 - ANl 
Digital  output  1 15 

- ANO 
Digital  output  0 

16 - N.C. No  connection 
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The  hand-control  signals 

Several  inputs  and  outputs  are  available  at  the  l6-pin  IC  connector  on  the  main  logic  board: 
four  1-bit  inputs,  or  switches  (SWO  through  SW3);  four  analog  inputs  (PDLO  through  PDL3); 
and  four  1-bit  outputs  (ANO  through  AN3).  You  can  access  all  these  inputs  and  outputs  from 
your  application  program.  Note  that  the  SW3  input  is  new  to  the  Apple  IIGS. 

Ordinarily,  you  connect  a  pair  of  hand  controls  to  the  l6-pin  connector.  The  rotary  controls 
use  two  analog  inputs,  and  the  push  buttons  use  two  1-bit  inputs.  But  you  can  also  use  these 
inputs  and  outputs  for  many  other  jobs.  For  example,  two  analog  inputs  can  be  used  with  a 

two-axis  joystick.  Figure  7-10  shows  the  connector  pin  numbers. 

The  Apple  Desktop  Bus  will  accept  ADB  hand  controls,  joysticks,  and  graphics  tablets  as  well 
as  those  keyboards  and  mouse  devices  specifically  designed  for  the  ADB.  The  ADB 
microcontroller  handles  mouse  and  keyboard  input  devices  transparendy;  that  is,  simply 
reading  the  standard  locations  will  return  the  current  values  of  these  devices.  See  Chapter  6 
for  more  information. 

Annunciator  outputs:  The  four  1-bit  outputs  (ANO  through  AN3)  are  called  annunciators. 
Each  annunciator  can  be  used  to  turn  a  lamp,  a  relay,  or  some  similar  electronic  device  on  and 
off. 

▲  Warning  When  driving  a  device  with  the  annunciator  outputs,  be  sure  not  to  load 
any  one  output  with  more  than  one  standard  TTL  load.  ▲ 

Each  annunciator  is  controlled  by  a  soft  switch,  and  each  switch  uses  a  pair  of  memory 
locations.  These  memory  locations  are  shown  in  Table  7-14.  Any  reference  to  the  lower 
address  of  an  address  pair  turns  the  corresponding  annunciator  off;  a  reference  to  the  higher 
address  turns  the  annunciator  on.  You  can  determine  the  state  of  only  one  annunciator,  AN3. 
To  do  this,  read  the  RDDHIRES  switch  at  location  $C064  and  test  bit  5.  If  this  bit  is  a  0,  then 
AN3  is  cleared.  If  this  bit  is  a  1,  then  AN3  is  set. 

Annunciator  3  serves  a  dual  purpose  in  the  Apple  IlGS:  It  also  serves  as  a  switch,  allowing  you 
to  toggle  between  two  display  modes.   Refer  to  Chapter  4  for  more  information  about  the 
role  of  annunciator  3  in  video.  Table  7-14  shows  the  annunciator  memory  locations. 

Switch  inputs:  The  four  1-bit  inputs  (SWO  through  SW3)  can  be  connected  to  the  output  of 
another  electronic  device  or  to  a  push  button.  When  you  read  a  byte  from  one  of  these 
locations,  only  the  high-order  bit— bit  7— is  valid  information;  the  rest  of  the  byte  is 
undefined.  The  soft  switch  locations  that  reflect  the  state  of  these  switch  inputs  are  49249 
through  49251  ($C060  through  $C063),  as  shown  in  Table  7-15. 
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Table  7-14        Annunciator  memory  locations 

Annunciator Address 

Number 

Pin' 

State Hex Dec 

0 

15 

Off $C058 49240 
On 

$C059 

49241 
1 14 Off $C05A 49242 

On $C05B 
49243 

2 

13 

Off $C05C 49244 

On $C05D 
49245 

3 12 
Off 

$C05E 49246 

On 
$C05F 49247 

*      Pin  numbers  given  are  for  the  l6-pin  IC  connector  on  the  circuit  board. 

Analog  inputs:  The  four  analog  inputs  (PDLO  through  PDL3)  are  designed  for  use  with 

150,000-ohm  variable  resistors  or  potentiometers.  The  variable  resistance  is  connected 

between  the  +5-volt  supply  and  each  input,  so  that  it  makes  up  part  of  a  timing  circuit.  The 
circuit  changes  state  when  its  time  constant  has  elapsed,  and  the  time  constant  varies  as  the 

resistance  varies.  Your  program  can  measure  this  time  by  counting  in  a  loop  until  the  circuit 
changes  state,  or  times  out. 

Before  a  program  can  read  the  analog  inputs,  it  must  first  reset  the  timing  circuits.  Accessing 

memory  location  49264  ($C070)  does  reset  these  circuits.  As  soon  as  you  reset  the  timing 

circuits,  the  high  bits  of  the  bytes  at  locations  49252  through  49255  ($C064  through  $C067) 

are  set  to  1.  Within  about  3  milliseconds,  these  bits  will  change  back  to  0  and  remain  there 

until  you  reset  the  timing  circuits  again.  The  exact  time  each  of  the  four  bits  remains  high  is 

directly  proportional  to  the  resistance  connected  to  the  corresponding  input.  If  these  inputs 

are  open— no  resistances  are  connected— the  corresponding  bits  may  remain  high 
indefinitely. 

To  read  the  analog  inputs,  use  a  program  loop  that  resets  the  timers  and  then  increments  a 

counter  until  the  bit  at  the  appropriate  memory  location  changes  to  0.  High-level  languages, 
such  as  BASIC,  also  include  convenient  means  of  reading  the  analog  inputs:  Refer  to  your 
language  manuals. 

Chapter  7  Built-in  I/O  Ports  and  Clock        l67 



Summary  of  secondary  I/O  locations 

Table  7-15  shows  the  memory  locations  for  all  of  the  built-in  I/O  devices  except  the 
keyboard  and  the  video  display  and  other  primary  I/O  locations.  As  explained  eariier,  some 
soft  switches  should  be  accessed  only  by  means  of  read  operations;  those  switches  are 
marked. 

Table  7-15        Secondary  I/O  memory  locations 

Address 

Soft  switch Hex 
Dec Definition 

SPKR $C030 49200 Toggle  speaker  (read  only). 
CLRANO $C058 49240 Clear  annunciator  0. 

SETANO $C059 
49241 Set  annunciator  0. 

CLRANl $C05A 49242 Clear  annunciator  1. 

SETANl $C05B 
49243 Set  annunciator  1. 

CLRAN2 $C05C 49244 
Clear  annunciator  2. 

SETAN2 $C05D 
49245 Set  annunciator  2. 

CLRAN3 $C05E 49246 Clear  annunciator  3. 

SETAN3 
$C05F 49247 Set  annunciator  3. 

BUTN3 
$C060 49248 Read  switch  3  (read  only). 

BUTNO 
$C06l 

49249 Read  switch  0  (read  only). 

BUTNl 
$C062 49250 Read  switch  1  (read  only). 

BUTN2 SC063 49251 Read  switch  2  (read  only). 

PADDLO 
$C064 49252 Read  analog-input  0. 

PADDLl $C065 
49253 

Read  analog-input  1. 
PADDL2 $C066 49254 Read  analog-input  2. 
PADDL3 

1 $C067 
49255 

Read  analog-input  3. 
PTRIG $C070 49264 Analog-input  reset. 
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Built-in  real-time  clock 

The  real-time  clock  (RTC)  chip  provides  the  system  with  calendar  and  clock  information  as 
well  as  parameter  RAM  preserved  by  battery  power.  These  functions  are  performed  through 
two  read/write  registers:  the  control  and  data  registers. 

♦  Note:  The  parameter  RAM  in  the  RTC  is  used  for  system  parameters,  and  is  not  available 
to,  nor  should  it  be  used  by,  programs  other  than  the  system. 

The  control  register  (located  at  $C034),  shown  in  Figure  7-11,  serves  a  dual  function:  as  the 

control  register  for  the  RTC  and  as  the  Border  Color  register.  Refer  to  "Border  Color"  in 
Chapter  4  for  more  information  on  controlling  the  color  of  the  display  border. 

Serial  data  communication  to  and  from  the  RTC  is  carried  out  one  byte  at  a  time.  (The  terms 
read  and  write  are  used  in  perspective  of  the  system:  A  read  transfers  data  from  the  clock 
chip,  while  a  write  transfers  data  to  the  clock  chip.)  To  write  to  the  clock  chip,  the  program 
must  first  write  the  data  into  the  Data  register  ($C033),  then  set  the  appropriate  bits  in  the 
control  register  ($C034).  To  read  from  the  clock  chip,  set  the  appropriate  control  register 
bits,  and  then  read  the  data  from  the  Data  register, 

♦  Note:  To  remain  compatible  with  future  Apple  II  products,  use  the  firmware  calls  to  read 
and  write  data  to  the  RTC.  See  the  Apple  IlGS  Firmware  Reference  for  how  to  use  the 
firmware. 

A  Warning  Be  careful  when  changing  bits  within  this  register.  Use  only  a  read- 
modify-write  instruction  sequence  when  manipulating  bits.  See  the 
warning  in  the  preface.  ▲ 
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Figure  7-11      Control  register  at  $C034 

7 

Start/finished 

Read/write 

Last  byte 

Reserved;  do  not  modify  — ' 

Border  color 
  \   

5      4      3      2       10 

Table  7-l6        Bits  in  the  control  register 

Bit Value Description 

4 

3-0 

A  read  or  write  to  the  the  clock  chip  begins  by  setting  this 
bit  to  1. 

This  bit  is  set  to  0  automatically  by  the  RTC  when  the  data 

exchange  is  complete.  The  program  can  detect  that  the 
exchange  has  been  completed  by  polling  bit  7  for  a  0. 

The  read/write  bit;  Set  this  bit  to  1  prior  to  a  read  from  the 
RTC. 

Set  this  bit  to  0  prior  to  a  write  to  the  RTC. 

The  last-byte  control  bit;  After  the  last  byte  has  been  read 
or  written,  this  bit  must  be  set  to  1.  This  last  step  is 

necessary  to  avoid  corrupting  the  data  in  the  clock  chip 
after  the  transactions  are  completed. 

A  data  transfer  typically  involves  an  exchange  of  two  or 
three  bytes.  Set  this  bit  to  0  before  transferring  any  bytes 
to  or  from  the  RTC. 

Reserved;  do  not  modify. 

Border  Color  register;  See  "Border  Color"  in  Chapter  4  for 
details  on  selecting  the  video  display  border  color. 
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Chapter  8   I/O  Expansion  Slots 

The  main  logic  board  of  the  Apple  IlGS  has  seven  empty  peripheral-card 
connectors  or  slots  on  it.  These  slots  make  it  possible  to  add  features  by 

plugging  in  peripheral  cards  with  additional  hardware.  This  chapter 
describes  the  hardware  that  supports  these  slots,  including  the  signals 

available  at  the  expansion  slots.  Figure  8-1  is  a  block  diagram  of  the 
Apple  IlGS  that  shows  the  relationship  of  the  slots  in  the  computer. 
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Figure  8-1        Expansion  slots  and  other  components  in  the  Apple  IIGS 
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♦    Note:  The  Apple  IlGS  has  seven  expansion  slots  plus  a  memory  expansion  slot.  This 
memory  expansion  slot  is  not  the  same  as  the  seven  expansion  slots,  nor  should  it  be  used 

as  such.  Also,  the  memory  expansion  slot  is  not  the  same  as  the  auxiliary  slot  in  the 

Apple  He,  nor  should  it  be  used  as  such.  The  memory  expansion  slot  is  to  be  used  for 

memory  expansion  cards  designed  specifically  for  this  slot.  See  "Memory  Expansion,"  in 
Chapter  3,  for  a  description  of  this  slot. 
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The  expansion  slots 
are 

The  seven  connectors  lined  up  across  the  back  part  of  the  Apple  IlGS  main  circuit  card  .... 
the  expansion  slots  (also  culkd  peripheral  slots  or  simply  slots),  numbered  from  1  to  7.  They 
are  50-pin  card-edge  connectors  with  pins  on  0.10-inch  centers.  A  circuit  card  plugged  into 
one  of  these  connectors  has  access  to  all  the  signals  necessary  to  perform  input  and  output 
and  to  execute  programs  in  RAM  or  ROM  on  the  card.  These  signals  are  described  in  Table  8-1 
and  are  shown  in  Figure  8-2. 

Figure  8-2        Peripheral-expansion  slot  pins 

(N.C.  on  slot  1)  DMA  IN 

(N.C.  on  slot  DINT  IN 

(M2B0  on  slot  3;  CREF  on  slot  7)  N.C. 

DMA  OUT  (NC.  on  slot  7) 

INT  OUT  (N.C.  on  slot  7) 

N.C.  (/SYNC  on  slot  7) 
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Table  8-1 Expansion  slot  signals 

Hn 
Signal Description 

2-17 

18 

19 

20 

21 

22 

/lOSEL 

A0-A15 

A2R/W 

/SYNC 

/lOSTRB 

RDY 

/DMA 

23 
INT  OUT 

24 DMA  OUT 

25 +5V 

26 GND 27 
DMA  IN 

28 INT  IN 

29 

/NMI 

Normally  high;  goes  low  during  0O  when  the  65C816  addresses 
location  $Cnxx,  where  n  is  the  connector  number.  This  line  can 

drive  10  LS  TTL  loads.* 

Three-state  address  bus:  The  address  becomes  valid  during  0I 
and  remains  valid  during  0O.  Each  address  line  can  drive 

2  LS  TTL  loads.* 
Three-state  read/write  line:  Valid  at  the  same  time  as  the 

address  bus;  high  during  a  read  cycle,  low  during  a  write  cycle. 

It  can  drive  2  LS  TTL  loads.* 

Composite  horizontal  and  vertical  sync,  on  expansion  slot  7 
only.  (This  pin  has  no  connection  on  the  other  6  slots.)  This 

line  can  drive  2  LS  TTL  loads.* 

Normally  high;  goes  low  during  oO  when  the  65C816  addresses  a 
location  between  $C800  and  $CFFF.  This  line  can  drive 
4  LS  TTL  loads. 

Input  to  the  65C816:  Pulling  this  line  low  during  0I  halts  the 
65C8I6  with  the  address  bus  holding  the  address  of  the 

location  currently  being  fetched.  This  line  has  a  4700-ohm 

puUup  resistor  to  +5  volts. 
Input  to  the  address  bus  buffers:  Pulling  this  line  low  during  0I 
disconnects  the  65C816  from  the  address  bus.  This  line  has  a 

3300-ohm  pullup  resistor  to  +5  volts. 

Interrupt  priority  daisy-chain  output:  Usually  connected  to 
pin  28  (INT  IN).  On  slot  7  only,  this  pin  has  no  connection. 

DMA  priority  daisy-chain  output:  Usually  connected  to  pin  27 
(DMA  IN).  On  slot  7  only,  this  pin  has  no  connection. 

+5-volt  power  supply:  A  total  of  500  niA  is  available  for  all 

peripheral  cards. 
System  common  ground. 

DMA  priority  daisy-chain  input:  Usually  connected  to  pin  24 
(DMA  OUT).  On  slot  1  only,  this  pin  has  no  connection. 

Interrupt  priority  daisy-chain  input:  Usually  connected  to  pin 
23  (INT  OUT).  On  slot  1  only,  this  pin  has  no  connection. 

Nonmaskable  interrupt  to  65C816:  Pulling  this  line  low  starts 

an  interrupt  cycle  with  the  interaipt-handling  routine  at 

location  $03FB.  This  line  has  a  3300-ohm  pullup  resistor  to 
+5  volts. 
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Table  8-1 Expansion  slot  signals  (Continued) 

Fin 
Signal 

Description 

30 

/IRQ 

31 

/RST 

32 
/INH 

33 

-12V 

34 

-5V 

35 CHEF 

35 
M2B0 

36 
7M 

37 

Q3 

38 01 39 /M2SEL 

40 
00 

41 
/DEVSEL 

42-49 

50 

D7-D0 

+12V 

Intermpt  request  to  65C816:  Pulling  this  line  low  starts  an 

interrupt  cycle  only  if  the  interrupt-disable  (I)  flag  in  the 
65C816  is  not  set.  Uses  the  interaipt-handling  routine  at 

location  $03FE.  This  line  has  a  3300-ohm  pullup  resistor  to 
+5  volts. 

Pulling  this  line  low  initiates  a  reset  routine. 

Pulling  this  line  low  during  ol  inhibits  (disables)  the  memory 

on  the  main  circuit  board.  This  line  has  a  3300-ohm  pullup 
resistor  to  +5  volts. 

-12-volt  power  supply;  A  total  of  200  niA  is  available  for  all 

peripheral  cards. 

-5-volt  power  supply:  A  total  of  200  mA  is  available  for  all 

peripheral  cards. 

3.58-MHz  color-reference  signal.:  slot  7  only.  This  line  can 

drive  2  LS  TTL  loads.* 

Mega  II  bank  0  signal.  256K  Apple  IIGS:  slot  3  only;  1  MB  Apple 

IIGS:  slots  1—6.  This  signal  is  the  bank  address  bit  and  is  valid 
only  during  Mega  II  accesses. 

System  7-MHz  clock:  This  line  can  drive  2  LS  TTL  loads,* 

System  2-MHz  asymmetrical  clock:  This  line  can  drive  2  LS  TTL 

loads.* 0l  clock:  This  line  can  drive  2  LS  TTL  loads.* 

The  Mega  II  select  signal:  This  signal  goes  low  whenever  the 

Mega  II  is  addressing  a  location  within  the  128K  of  Mega  II 
RAM. 

00  clock:  This  line  can  drive  2  LS  TTL  loads.* 

Normally  high;  goes  low  during  0O  when  the  65C816  addresses 
location  $C0nx,  where  n  is  the  connector  number  plus  8.  This 

line  can  drive  10  LS  TTL  loads.* 

Three-state  buffered  bidirectional  data  bus:  Data  become 

valid  during  0O  high  and  remain  valid  until  0O  goes  low. 

Each  data  line  can  drive  1  LS  TTL  load.* 

+12-volt  power  supply:  A  total  of  250  mA  is  available  for  all 

peripheral  cards. 

Loading  limits  are  for  each  card. 
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Apple  II  compatibility 

The  seven  I/O  slots  in  the  Apple  IlGS  are  almost  identical  to  the  slots  in  the  Apple  He,  the 

only  exceptions  being  signals  /M2SEL  and  M2B0.  /M2SEL  replaces  [iPSYNC  on  pin  39,  and 

M2B0  is  available  at  pin  35,  only  at  slot  3;  CREF  is  still  available  at  pin  35,  at  slot  7. 

The  slots  behave  like  their  counterparts  in  the  Apple  II  with  only  a  few  differences,  the  most 

important  being  the  behavior  of  the  address  bus.  Since  the  Apple  IlGS  computer  can  operate 

at  2.8  MHz  and  has  a  24-bit  address,  the  address  bus  to  the  slots  is  not  always  valid  as  it  was 
in  the  Apple  II.  The  signal  /M2SEL  indicates  when  a  valid  address  for  banks  224  or  225  ($E0  or 

$E1)  is  present  on  the  address  bus  and  so  should  be  used  to  qualify  any  address  decoding 
that  does  not  use  /lOSEL.  Since  these  memory  spaces  contain  video  buffers  and  I/O 

addresses,  peripheral  video  cards  can  make  extensive  use  of  these  two  signals. 

Direct  memory  access 

Direct  memory  access  (DMA)  supports  the  address  range  $00  through  $4F.  This  means  that 

any  peripheral  card  using  DMA  may  have  direct  address  control  of  all  memory  (main  and 
expansion  memory).  Be  sure  to  load  the  DMA  bank  register,  located  at  address  $C037,  with 

the  8  most-significant  bits  of  the  address  before  performing  DMA. 

During  DMA  cycles  (memory  access  cycles  that  are  controlled  by  a  DMA  peripheral  card),  the 

address  bus  is  turned  off  until  the  bank  address  has  been  latched.  When  that  happens,  the 

address  bus  is  enabled,  pointing  "in"  toward  the  FPI  and  65C816,  The  FPI  decodes  the 
address  and  stored  DMA  bank  address  to  determine  whether  the  cycle  is  to  RAM,  ROM,  or 

Mega  II.  If  the  cycle  is  a  DMA  to  the  Mega  II  (or  slots),  the  Mega  II  select  line  is  asserted  by 
the  FPI,  and  the  FPI  data  buffers  are  turned  off  if  the  R/W  line  is  high.  If  the  access  is  to  the 

high-speed  RAM,  the  data  buffers  are  enabled  while  oO  is  high. 

♦    Note:  To  increase  read/write  data  timing  margins  to  the  high-speed  RAMs,  the  FPI 
generates  an  early  CAS  (card  address  strobe)  signal  for  read  cycles  and  a  late  CAS  signal 

for  write  cycles.  This  makes  read  data  available  eariier  and  requires  less  write  data  setup 
time. 

176        Apple  IlGS  Hardware  Reference 



I/O  in  the  Apple  IIGS 

The  input  and  output  functions  are  made  possible  by  built-in  I/O  devices  and  the  use  of 
peripheral-slot  I/O  and  DMA  cards.  The  following  sections  describe  these  cards. 

Slot  I/O  cards 

Most  I/O  cards  used  in  the  Apple  II  also  work  in  the  Apple  IlGS.  Cards  that  use  the  /lOSEL 
and  /DEVSEL  bus  signals  will  work  especially  well,  because  they  do  not  have  to  deal  with  the 

larger  address  range  of  the  Apple  IlGS. 

The  65C816  processor  operates  with  a  24-bit  address;  however,  the  I/O  slots  receive  only  a 
l6-bit  address.  Therefore,  cards  that  use  the  l6-bit  address  decode  select  method  rather 
than  the  /DEVSEL  and  /lOSEL  signals  will  not  work  properly.  These  cards  include  the 

multifunction  I/O  cards  that  emulate  multiple  I/O  cards  and  most  add-on  RAM  cards.  In 

general,  these  types  of  cards  will  not  be  needed  because  of  the  extensive  built-in  I/O  and 

high-speed  RAM  expansion  already  provided. 

Cards  that  use  /INH  will  work  properly  if 

■  the  system  is  running  at  1.024  MHz 

■  they  assert  /INH  within  200  nanoseconds  of  the  0O  falling  edge 

However,  compatibility  with  this  type  of  card  must  be  determined  on  an  individual  basis, 

because  many  Monitor  firmware  calls  execute  code  in  bank  $FF,  and  many  cards  are  not 

designed  to  decode  bank  information. 

The  FPI  will  ignore  any  occurrence  of  /INH  when  the  system  is  running  fast  (2.8  MHz),  or 

when  it  is  not  in  a  bank  where  I/O  and  language-card  operation  are  enabled.  By  ignoring 
/INH,  compatibility  with  existing  cards  is  improved. 

DMA  cards 

Many  DMA  cards  that  work  successfully  in  previous  Apple  II  models  will  work  in  the 

Apple  IlGS,  but  may  require  changes  in  their  firmware  or  associated  software  to  function 

properly  with  the  DMA  bank  register.  In  general,  DMA  cards  that  assert  and  remove  the  /DMA 

signal  within  the  first  120  nanoseconds  of  the  0O  rising  edge  will  probably  work  properly;  this 
allows  sufficient  time  for  /M2SEL  to  be  activated  by  the  FPI  when  video  and  I/O  accesses 

are  required. 
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♦   Note:  Normally  the  system  should  be  running  at  1.024  MHz  when  performing  DMA; 

otherwise,  DMA  to  I/O  or  Mega  11  video  areas  will  not  work  properly.  However,  DMA  can 

be  performed  while  the  system  is  running  fast  as  long  as  the  following  warnings  are 
heeded: 

■  Only  high-speed  RAM  or  ROM  can  be  accessed  (access  to  I/O,  video,  or  the  Mega  II 
banks  does  not  work  properly). 

■  Fast  DMA  may  cause  a  repeated  cycle  to  occur  to  the  location  currently  being 

accessed  by  the  processor.  This  repetition  could  cause  a  malfunction  if  the  processor 

is  accessing  I/O  when  the  DMA  occurs;  however,  a  repeated  access  to  a  RAM  or  ROM 

location  will  have  no  effect.  The  65C816  can  be  stopped  indefinitely  for  DMA  and 
does  not  require  any  processor  refresh  cycles  from  a  DMA  card. 

Expansion-slot  signals 

Many  of  the  expansion-slot  signals  can  be  grouped  into  three  general  categories: 

■  those  that  constitute  and  support  the  address  bus 

■  those  that  constitute  and  support  the  data  bus 

■  those  that  support  the  functions  of  DMA  and  interrupts 

These  signals  are  described  in  the  following  paragraphs.  For  additional  information,  refer  to 
the  schematic  diagrams  in  the  addendum  at  the  back  of  the  book. 

The  buffered  address  bus 

The  microprocessor's  address  bus  is  buffered  by  two  74HCT245  octal  three-state 
bidirectional  buffers.  The  65C816  R/W  line  is  also  buffered.  The  FPI  disables  these  buffers 

when  requested  by  any  peripheral  card  so  that  peripheral  DMA  circuitry  can  control  the 

address  bus.  The  DMA  address  and  A2R/W  signals  supplied  by  a  peripheral  card  must  be 

stable  all  during  0O  of  the  instruction  cycle.  (Refer  to  the  timing  diagram  in  Figure  8-11  shown 
later  in  this  chapter.) 

Another  signal  that  can  be  used  to  disable  normal  operation  of  the  Apple  IIGS  is  /INH.  Pulling 

/INH  low  disables  all  the  memory  in  the  Apple  IlGS  except  the  part  in  the  I/O  space  from 

$C000  to  $CFFF.  A  peripheral  card  that  uses  either  /INH  or  /DMA  must  observe  proper  timing; 

in  order  to  disable  RAM  and  ROM  properly,  the  disabling  signal  must  be  stable  all  during  0O  of 

the  instmction  cycle.  (Refer  to  the  timing  diagram  in  Figure  8-10  shown  later  in  this  chapter). 

The  peripheral  devices  should  use  /lOSEL  and  /DEVSEL  as  enables.  Most  peripheral-card  ICs 
require  their  enable  signals  to  be  present  for  a  certain  length  of  time  before  data  are  strobed 

into  or  out  of  the  device.  Remember  that  /lOSEL  and  /DEVSEL  are  asserted  only  during  0O  high. 
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The  slot  data  bus 

The  Apple  IlGS  has  three  versions  of  the  microprocessor  data  bus  (shown  in  Figure  8-3): 

■  the  internal  data  bus,  DBUS,  connected  directly  to  the  microprocessor  and  the  FPI  chip 
and  all  main  RAM 

■  the  Mega  II  data  bus,  MDBUS,  connecting  the  Mega  II,  VGC,  Serial  Communications 

Controller  (SCO,  Integrated  Woz  Machine  (IWM),  ADB  and  Sound  General  Logic  Units 

(GLUs),  and  the  Mega  II  RAM  main  bank 

■  the  slot  data  bus,  SDBUS,  common  to  all  expansion  slots 

Figure  8-3        Data  buses  within  the  Apple  IlGS 

Sound  GLU 

ADB  GLU 

Main  RAM  <  8Mb 

DBUS 

T\V \/l 

SDBUS 

Expansion slots 

65C816 
microprocessor 

74HCT245 
buffer 

MDBUS 74HCT245 

buffer -^   

FI^I 

ADBUS 

Mega  11 

VGC 

Mega  II 
auxiliary 

bank 

Mega  II main  bank 

Chapter  8  I/O  Expansion  Slots        179 



The  65C816  is  fabricated  with  MOS  (Metal  Oxide  Semiconductor)  circuitry,  so  it  can  drive 
capacitive  loads  of  up  to  about  130  picoFarads.  If  peripheral  cards  are  installed  in  all  seven 

slots,  the  loading  on  the  data  bus  can  be  as  high  as  500  pF,  so  the  74HCT245  buffer  is  used  to 

drive  the  data  bus  peripheral-card  loads.  The  same  situation  occurs  if  you  use  MOS  devices 

on  peripheral  cards:  They  can't  provide  enough  drive  current  for  the  fully  loaded  bus,  so  you 
should  add  buffers.  A  peripheral  card  must  have  the  capacity  to  drive  two  LS  TTL  loads  per 
slot  pin,  plus  additional  capacitance  for  the  Apple  IlGS  data  bus. 

Interrupt  and  DMA  daisy  chains 

The  interrupt  requests  (/IRQ  and  /NMI)  and  the  direct  memory  access  (/DMA)  signal  are 

available  at  all  seven  expansion  slots.  A  peripheral  card  requests  an  interrupt  or  a  DMA 

transfer  by  pulling  the  appropriate  output  line  (pin  24)  low.  If  two  peripheral  cards  request  an 
interrupt  or  a  DMA  transfer  at  the  same  time,  they  will  contend  for  the  data  and  address 

buses.  To  prevent  this  contention,  two  pairs  of  pins  on  each  connector  are  wired  as  a  priority 

daisy  chain.  The  daisy-chain  pins  for  interrupts  are  INT  IN  (pin  28)  and  INT  OUT  (pin  23), 
and  the  pins  for  DMA  are  DMA  IN  (pin  27)  and  DMA  OUT  (pin  24),  as  shown  in  Figure  8-2. 

Each  daisy  chain  works  like  this;  The  output  from  each  connector  goes  to  the  input  of  the  next 
higher  numbered  one.  For  these  signals  to  be  useful  for  cards  in  lower  numbered  connectors,  all 
the  higher  numbered  connectors  must  have  cards  in  them,  and  all  those  cards  must  connect 

DMA  IN  to  DMA  OUT  and  INT  IN  to  INT  OUT.  Whenever  a  peripheral  card  uses  pin  /DMA,  it 
must  do  so  only  if  its  DMA  IN  line  is  active,  and  it  must  disable  its  DMA  OUT  line  while  it  is 

using  /DMA.  The  INT  IN  and  INT  OUT  lines  must  be  used  the  same  way:  Enable  the  card's 
interrupt  circuits  with  INT  IN,  and  disable  INT  OUT  whenever  /IRQ  or  /NMI  is  being  used. 

Loading  and  driving  rules 

Do  not  overioad  any  pin  on  the  expansion  slots;  the  driving  capability  of  each  pin  is  listed 

under  each  signal  description  in  Table  8-1.  The  address  bus,  the  data  bus,  and  the  A2R/W  line 

should  be  driven  by  three-state  buffers;  remember  that  there  is  considerable  distributed 
capacitance  on  these  buses  and  that  you  should  plan  on  tolerating  the  added  load  of  up  to 

six  additional  peripheral  cards.  MOS  devices  such  as  PIAs  (peripheral  interface  adapters)  and 
ACIAs  (asynchronous  communications  interface  adapters)  cannot  switch  such  heavy 

capacitive  loads;  connecting  such  devices  directly  to  the  bus  will  lead  to  possible  timing  and 
level  errors.  Buffer  all  MOS  output  signals. 
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The  total  power-supply  current  available  for  all  seven  expansion  slots  is 

■  500  mA  at  +5  volts 

■  250  mA  at  +12  volts 

■  200  niA  at  -5  volts 

■  200  mA  at -12  volts 

The  support  circuitry  for  the  slots  is  designed  to  handle  a  DC  load  of  two  LS  TTL  loads  per 
slot  pin  and  an  AC  load  of  no  more  than  15  pF  per  slot  pin. 

Peripheral  programming 

The  seven  expansion  slots  on  the  main  logic  board  are  used  for  installing  circuit  cards 
containing  the  hardware  and  firmware  needed  to  interface  peripheral  devices  to  the 

Apple  IlGS.  These  slots  are  not  simple  I/O  ports;  peripheral  cards  can  access  the  computer's 
address  and  control  lines  via  these  slots.  The  expansion  slots  are  numbered  from  1  to  7,  and 

certain  signals,  described  below,  are  used  to  select  a  specific  slot. 

Selecting  a  device 

The  Apple  IlGS  supports  several  built-in  devices  and  traditional  slot  devices,  with  each 
device  taking  up  one  logical  slot.  Each  built-in  device  is  assigned  to  a  slot,  and  peripheral 
cards  are  plugged  into  any  of  the  seven  peripheral  slots.  However,  only  one  device  (either  the 

built-in  device  or  the  peripheral  device)  can  be  selected  at  a  time  for  each  slot.  For  example, 
you  can  choose  either  the  peripheral  device  in  slot  2  or  the  internal  device  that  is  associated 
with  slot  2  but  built  into  the  main  logic  board,  the  serial  port. 

The  Slot  register 

The  Slot  register,  located  at  $C02D,  is  used  to  select  which  device  is  enabled  for  each  of  the 

seven  slots.  That  device  can  be  either  the  internal  or  a  peripheral-card  device.  If  the  enable 

bit  for  a  slot  is  1,  accesses  for  that  slot's  ROM  space  (SCnxx)  are  directed  to  the  ROM  on  the 
peripheral  card.  If  the  enable  bit  is  cleared,  the  built-in  I/O  device  is  selected,  and  the 
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system  ROM  code  associated  with  the  slot  is  executed.  The  user  can  select  the  appropriate 
slot  device  through  the  Control  Panel.  The  user  can  access  the  Control  Panel  by  pressing  the 
Command-Control-Esc  keys  simultaneously.  The  Slot  register  format  is  given  in  Figure  8-4. 
Table  8-2  gives  a  description  of  each  bit. 

♦   Note:  Slot  3  device  hardware  addresses  are  always  available.  However,  the  slot  3  ROM 
space  is  controlled  by  the  SETSL0TC3R0M  and  SETINTC3R0M  soft  switches  to 
maintain  compatibility  with  existing  Apple  II  products. 

A  Warning  You  are  encouraged  not  to  manipulate  the  Slot  register  bits  under 
software  control;  you  nin  a  great  risk  of  crashing  the  operating  system.  ▲ 

▲  Warning  Be  careful  when  changing  bits  within  this  register.  Use  only  a  read- 
modify-write  instniction  sequence  when  manipulating  bits.  See  the 
warning  in  the  preface.  ▲ 

Figure  8-4        Slot  register  at  $C02D 
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■    Table  8-2  Bits  in  the  Slot  register 

Bit  Value  Description 

7  0  Selects  the  internal-device  (AppleTalk)  ROM  code  for 
slot  7. 

1  Enables  both  the  slot-card  ROM  space  (location  $C700  to 
$C7FF)  and  I/O  space  $COFO  to  $COFF. 

6  0  Selects  the  internal-device  (5.25-inch  disk  drive)  ROM 
code  for  slot  6. 

1  Enables  both  the  slot-card  ROM  space  (location  $C600  to 
$C6FF)  and  I/O  space  $COEO  to  $COEF. 

5  0  Selects  the  internal-device  (3.5-inch  disk  drive)  ROM  code 
for  slot  5. 

1  Enables  both  the  slot-card  ROM  space  (location  $C500  to 
$C5FF)  and  I/O  space  $CODO  to  $CODF. 

4  0  Selects  the  internal-device  (mouse)  ROM  code  for  slot  4. 

1  Enables  the  slot-card  ROM  space  (location  $C400  to 
$C4FF). 

3  -  Reserved;  do  not  modify. 

2  0  Selects  the  internal-device  (serial  port  B,  the  modem  port) 
ROM  code  for  slot  2. 

1  Enables  both  the  slot-card  ROM  space  (location  $C200  to 
$C2FF)  and  I/O  space  $COAO  to  $COAF. 

1  0  Selects  the  internal-device  (serial  port  A,  the  printer  port) 
ROM  code  for  slot  1. 

1  Enables  both  the  slot-card  ROM  space  (location  $C100  to 
$C1FF)  and  I/O  space  $C090  to  $C09F. 

0  -  Reserved;  do  not  modify. 

Note:  I/O  space  for  slots  3  ($COBO  to  $COBF)  and  4  ($COCO  to  $COCF)  is  always  enabled. 

Peripheral-card  memory  spaces 

Because  the  Apple  IlGS  microprocessor  does  all  its  I/O  through  memory  locations,  portions 
of  the  memory  space  have  been  allocated  for  the  exclusive  use  of  the  cards  in  the  expansion 
slots.  In  addition  to  the  memory  locations  used  for  actual  I/O,  there  are  memory  spaces 

available  for  programmable  memory  (RAM)  in  the  main  memory  and  for  read-only  memory 
(ROM  or  PROM)  on  the  peripheral  cards  themselves. 
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The  memory  spaces  allocated  for  the  peripheral  cards  are  described  below.  These  memory 
spaces  are  used  for  small  dedicated  programs  such  as  I/O  drivers.  Peripheral  cards  that 
contain  their  own  driver  routines  in  firmware  are  called  intelligent  peripherals.  They  make  it 
possible  for  you  to  add  peripheral  hardware  to  your  Apple  IlGS  without  having  to  change 
your  programs,  provided  that  your  programs  follow  normal  practice  for  data  input  and output. 

Peripheral-card  I/O  space 

Each  expansion  slot  has  the  exclusive  use  of  l6  memory  locations  for  data  input  and  output 
m  the  memory  space  beginning  at  location  $C090.  Slot  1  uses  locations  $C090  through  $C09F 
slot  2  uses  locations  $COAO  through  $COAF,  and  so  on  through  location  $COFF  as  shown  in Table  8-3. 

These  memory  locations  are  used  for  different  I/O  functions,  depending  on  the  design  of each  peripheral  card.  Whenever  the  Apple  IlGS  addresses  one  of  the  16  I/O  locations 
allocated  to  a  particular  slot,  the  signal  on  pin  41  of  that  slot,  called  /DEVSEL,  switches  to 
the  active  (low)  state.  This  signal  can  be  used  to  enable  logic  on  the  peripheral  card  that  uses 
the  four  low-order  address  lines  (AO  through  A3)  to  determine  which  of  its  16  I/O  locations  is being  accessed. 

Table  8-3 Peripheral-card  I/O  memory  locations  enabled  by  /DEVSEL 

Slot  Locations  Slot 

1 $C090-$C09F 5 
2 $COAO-$COAF 6 
3 $COBO-$COBF 7 
4 $COCO-$COCF 

Locations 

$CODO-$CODF 

$COEO-$COEF 

$COFO-$COFF 

Peripheral-card  ROM  space 

One  256-byte  page  of  memory  space  is  allocated  to  each  accessor}'  card.  This  space  is normally  used  for  read-only  memory  (ROM  or  PROM)  on  the  card,  and  contains  driver 
programs  that  control  the  operation  of  the  peripheral  device  connected  to  the  card 
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The  page  of  memory  allocated  to  each  expansion  slot  begins  at  location  $CnOO,  where  n  is 

the  slot  number,  as  shown  in  Table  8-3  and  Table  8-4.  Whenever  the  Apple  IlGS  addresses  one 
of  the  256  ROM  memory  locations  allocated  to  a  particular  slot,  the  signal  on  pin  1  of  that 
slot,  called  /lOSEL,  switches  to  the  active  (low)  state.  This  signal  enables  the  ROM  or  PROM 

devices  on  the  card,  and  the  eight  low-order  address  lines  determine  which  of  the  256 
memory  locations  is  being  accessed. 

■    Table  8-4  Peripheral-card  I/O  memory  locations  enabled  by  /lOSEL 

slot  Locations  Slot  Locations 

1 $C100-$C1FF 5 $C500-$C5FF 
2 $C200-$C2FF 6 

$C600-$C6FF 
3 $C300-$C3FF 7 $C700-$C7FF 
4 $C400-$C4FF 

Expansion  ROM  space 

In  addition  to  the  small  areas  of  ROM  memory  allocated  to  each  expansion  slot,  peripheral 
cards  can  use  the  2K  memory  space  from  $C800  to  $CFFE  for  larger  programs  in  ROM  or 

PROM.  This  memory  space  is  called  expansion  ROM  space.  (See  the  memory  map  in  Figure  8- 
7,  shown  later  in  this  chapter.)  Besides  being  larger,  the  expansion  ROM  memory  space  is 
always  at  the  same  locations,  regardless  of  which  slot  is  occupied  by  the  card,  making 
programs  that  occupy  this  memory  space  easier  to  write. 

This  memory  space  is  available  to  any  peripheral  card  that  needs  it.  More  than  one  peripheral 
card  can  use  the  expansion  ROM  space,  but  only  one  of  them  can  be  active  at  a  time. 

Each  peripheral  card  that  uses  expansion  ROM  must  have  a  circuit  on  it  to  enable  the  ROM. 

The  circuit  does  this  by  a  two-stage  process:  First,  it  sets  a  flip-flop  when  the  /lOSEL  signal, 
pin  1  on  the  slot,  becomes  active  (low);  the  /lOSEL  signal  on  a  particular  slot  becomes  active 

whenever  the  Apple  IlGS  microprocessor  addresses  a  location  in  the  256-byte  ROM  address 
space  allocated  to  that  slot.  Second,  the  circuit  enables  the  expansion  ROM  devices  when 
the  /lOSTRB  signal,  pin  20  on  the  slot,  becomes  active  (low);  the  /lOSTRB  signal  on  all  the 
expansion  slots  becomes  active  (low)  when  the  microprocessor  addresses  a  location  in  the 
expansion  ROM  memory  space,  $C800  to  $CFFE.  The  /lOSTRB  signal  is  then  used  to  enable 

the  expansion  ROM  devices  on  a  peripheral  card.  Figure  8-5  shows  a  typical  ROM  enable 
circuit. 
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Figure  8-5        Expansion  ROM  enable  circuit 

( /I/O  select"} 
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A  program  on  a  peripheral  card  can  get  exclusive  use  of  the  expansion  ROM  memory  space  by 

referring  to  location  $CFFF  in  its  initialization  phase.  This  location  is  special:  All  peripheral 

cards  that  use  expansion  ROM  must  recognize  a  reference  to  $CFFF  as  a  signal  to  disable  their 

expansion  ROMs.  Of  course,  doing  so  also  disables  the  expansion  ROM  on  the  card  that  is 

about  to  use  it,  but  the  next  instruction  in  the  initialization  code  sets  the  expansion  ROM 
enable  circuit  on  the  card. 

A  card  that  needs  to  use  the  expansion  ROM  space  must  first  insert  its  slot  address  ($Cn)  in 

location  $07F8  (known  as  MSLOT)  before  it  refers  to  $CFFF.  This  allows  interrupting  devices 

to  re-enable  the  card's  expansion  ROM  after  interaipt  handling  is  finished.  Once  its  slot 
address  has  been  written  in  MSLOT,  the  peripheral  card  has  exclusive  use  of  the  expansion 

memory  space  ana  its  program  can  jump  directly  into  the  expansion  ROM. 

As  described  eariier,  the  expansion  ROM  disable  circuit  resets  the  enable  flip-flop  whenever 
the  microprocessor  addresses  location  $CFFF.  To  do  this,  the  peripheral  card  must  detect 

the  presence  of  $CFFF  on  the  address  bus.  You  can  use  the  /lOSTRB  signal  for  part  of  the 

address  decoding,  since  it  is  active  for  addresses  from  $C800  through  $CFFF.  If  you  can 
afford  to  sacrifice  some  ROM  space,  you  can  simplify  the  address  decoding  even  further  and 

save  circuitry  on  the  card.  For  example,  if  you  give  up  the  last  256  bytes  of  expansion  ROM 

space,  your  disable  circuit  needs  to  detect  only  addresses  of  the  form  SCFxx,  and  you  can 

use  the  minimal  disable  decoding  circuitry  shown  in  Figure  8-6. 

Figure  8-6        ROM  disable  address  decoding 
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Peripheral-card  RAM  space 

There  are  56  bytes  of  main  memory  allocated  to  the  peripheral  cards,  8  bytes  per  card,  as 

shown  in  Table  8-5.  These  56  locations  are  actually  in  the  RAM  memory  space  reserved  for  the 

text  and  Lo-Res  graphics  displays,  but  these  particular  locations  (called  screen  holes)  are  not 

displayed  on  the  screen  and  their  contents  are  not  changed  by  the  built-in  output  routine 
COUTl.  Programs  in  ROM  on  peripheral  cards  use  these  locations  for  temporary  data 
storage. 

Table  8-5 Peripheral-card  RAM  memory  locations 

Slot  number 
Base 
address 1 2 3 4 5 6     7 

$0478 
$0479 

$047A S047B $047C $047D 
S047E  $047F 

$04F8 $04F9 
$04FA 

S04FB 
$04FC $04FD 

S04FE  $04FF 

$0578 $0579 
$057A $057B 

$057C 
$057D 

S057E  $057F 

$05F8 $05F9 
$05FA $05FB $05FC $05FD 

S05FE  $05FF 

$0678 
$0679 

$067A $067B 
S067C 

$067D 
$067E  $067F 

$06F8 $06F9 $06FA $06FB $06FC $06FD 
$06FE  $06FF 

$0778 $0779 
$077A $077B $077C 

$077D $077E  $077F 

$07F8 $07F9 
$07FA 

S07FB 
$07FC $07FD 

$07FE  $07FF 

A  program  on  a  peripheral  card  can  use  the  eight  base  addresses  shown  in  the  table  to  access 

the  eight  RAM  locations  allocated  for  its  use,  as  shown  in  the  next  section,  "I/O  Programming 

Suggestions." 

I/O  programming  suggestions 

A  program  in  ROM  on  a  peripheral  card  should  work  no  matter  which  slot  the  card  occupies, 

excepting  any  hardware  restrictions  (such  as  a  signal  not  available  at  some  slots).  If  the 

program  includes  a  jump  to  an  absolute  location  in  one  of  the  256-byte  memory  spaces,  then 
the  card  will  work  only  when  it  is  plugged  into  the  slot  that  uses  that  memory  space.  If  you 

are  writing  the  program  for  a  peripheral  card  that  will  be  used  by  many  people,  you  should 
avoid  placing  such  a  restriction  on  the  use  of  the  card. 
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A    Important      To  function  properly  no  matter  which  slot  a  peripheral  card  is  installed  in, 

the  program  in  the  card's  256-byte  memory  space  must  not  make  any 
absolute  references  to  itself.  Instead  of  using  jump  instructions,  you 
should  force  conditions  on  branch  instructions,  which  use  relative 
addressing. 

The  first  thing  a  peripheral  card  u.sed  as  an  I/O  device  must  do  when  called  is  to  save  the 

contents  of  the  microprocessor's  registers.  (Peripheral  cards  not  being  used  as  I/O  devices 
do  not  need  to  save  the  registers.)  The  device  should  save  the  registers'  contents  on  the 
stack,  and  restore  them  just  before  returning  control  to  the  calling  program.  If  there  is  RAM 
on  the  peripheral  card,  the  information  may  be  stored  there. 

Finding  the  slot  number  with  ROM  switched  in 

The  memory  addresses  used  by  a  program  on  a  peripheral  card  differ  depending  on  which 
expansion  slot  the  card  is  installed  in.  Before  it  can  refer  to  any  of  those  addresses,  the 

program  must  somehow  determine  the  correct  slot  number.  One  way  to  do  this  is  to  execute 
a  JSR  (jump  to  subroutine)  to  a  location  with  an  RTS  (return  from  subroutine)  instruction  in 

it,  and  then  derive  the  slot  number  from  the  return  address  saved  on  the  stack,  as  shown  in 
the  following  example. 

A   Important      Make  sure  the  return  address  is  located  in  Apple  IlGS  RAM,  not  the 
memory  on  the  peripheral  card. 

PHP 
SEI 
JSR  KNOWNRTS 

TSX 

LDA  $0100, X 
AND  #$0F 
PLP 

save  status 

inhibit  interrupts 

->a  known  RTS  instruction... 
.  .  .that  you  set  up 

get  high  byte  of  the... 
...return  address  from  stack 

low-order  digit  is  slot  no. 
restore  status 

The  slot  number  can  now  be  used  in  addressing  the  memory  allocated  to  the  peripheral  card, 
as  shown  in  the  next  section. 
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I/O  addressing 

Once  your  peripheral-card  program  has  the  slot  number,  the  card  can  use  the  number  to 
address  the  I/O  locations  allocated  to  the  slot.  Table  8-6  shows  how  these  locations  are 

related  to  l6  base  addresses  starting  with  $C080.  Notice  that  the  difference  between  the 
base  address  and  the  desired  I/O  location  has  the  form  $nO,  where  n  is  the  slot  number. 

Starting  with  the  slot  number  in  the  accumulator,  the  following  example  computes  this 
difference  by  four  left  shifts,  then  loads  it  into  an  index  register  and  uses  the  base  address 
to  specify  one  of  16  I/O  locations. 

ASL 
ASL 
ASL 
ASL 
TAX 
LDA $C080,X 

get  n  into  .  . . 

. . .high-order  nibble. . . 

...of  index  register. 
load  from  first  I/O  location 

Table  8-6  Peripheral-card  I/O  base  addresses 

Slot  number 
Base 

address 1 2 3 4 5 6 7 

$C080 $C090 SCOAO SCOBO $coco $CODO $C0EO $COFO $C081 $C091 SCOAl $C0B1 $C0C1 $C0D1 
$C0E1 

$C0F1 $C082 $C092 $C0A2 $C0B2 $C0C2 $C0D2 
$C0E2 

$C0F2 $C083 $C093 $C0A3 $C0B3 
SC0C3 

$C0D3 
SC0E3 

$C0F3 

$C084 $C094 $C0A4 $C0B4 
SC0C4 

$C0D4 $C0E4 $C0F4 $C085 $C095 $C0A5 $C0B5 $C0C5 $C0D5 $C0E5 $C0F5 
$C086 $C096 SC0A6 

$C0B6 $C0C6 
$C0D6 $C0E6 $C0F6 $C087 $C097 $C0A7 SC0B7 $C0C7 $C0D7 $C0E7 $C0F7 $C088 $C098 $C0A8 $C0B8 $C0C8 $C0D8 $C0E8 

$C0F8 $C089 $C099 $C0A9 $C0B9 $C0C9 $C0D9 $C0E9 $C0F9 

$C08A $C09A $COAA $COBA $COCA $CODA $COEA $COFA $C08B $C09B 
$COAB $COBB $COCB $CODB $COEB $COFB $C08C $C09C $COAC $COBC $COCC 

$CODC 
$COEC $COFC SC08D $C09D $COAD $COBD $COCD $CODD $COED $COFD 

$C08E $C09E $COAE $COBE $COCE $CODE $COEE $COFE 
$C08F $C09F $COAF $COBF $COCF SCODF 

SCOEF 

$COFF 
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♦ Selecting  your  target:  You  must  make  sure  that  you  get  an  appropriate  value  into  the 
index  register  when  you  address  I/O  locations  this  way.  For  example,  starting  with  1  in 
the  accumulator,  the  instructions  in  the  above  example  perform  an  LDA  from  location 
$C090,  the  first  I/O  location  allocated  to  slot  1.  If  the  value  in  the  accumulator 
(discussed  in  detail  in  Chapter  10)  had  been  0,  the  LDA  would  have  accessed  location 
$C080,  thereby  setting  the  soft  switch  that  selects  the  second  bank  of  RAM  at  location 
$D000  and  enables  it  for  reading, 

RAM  addressing 

A  program  on  a  peripheral  card  can  use  the  eight  base  addresses  shown  in  Table  8-5  to  access 
the  eight  RAM  locations  allocated  for  its  use.  The  program  does  this  by  putting  its  slot 
number  into  the  Y  Index  register  (discussed  in  detail  in  Chapter  10)  and  using  indexed 
addressing  mode  with  the  base  addresses.  The  base  addresses  can  be  defined  as  constants 
because  they  are  the  same  no  matter  which  slot  the  peripheral  card  occupies. 

If  you  start  with  the  correct  slot  number  in  the  accumulator  (by  using  the  example  shown 
eariier  in  this  chapter,  in  the  section  /'Finding  the  Slot  Number  With  ROM  Switched  In"),  then 
the  following  example  uses  all  eight  RAM  locations  allocated  to  the  slot: 

TAY 

LDA $0478, Y 
STA $04F8, Y 
LDA $0578, Y 
STA $05F8, Y 
LDA $0678, Y 
STA $06F8, Y 
LDA $0778, Y 
STA $07F8, Y 

A  Warning  You  must  be  very  careful  when  you  have  your  peripheral-card  program 
store  data  at  the  base-address  locations  themselves  because  they  are 
temporary  storage  locations;  the  RAM  at  those  locations  is  used  by  the 
disk  operating  system.  Always  store  the  first  byte  of  the  ROM  location 
of  the  expansion  slot  that  is  currently  active  ($Cn)  in  location  S07F8 
(MSLOT),  and  the  first  byte  of  the  ROM  location  of  the  slot  holding  the 
controller  card  for  the  startup  disk  drive  in  location  $05F8.  ▲ 
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other  uses  of  I/O  memory  space 

The  portion  of  memory  space  from  location  $C000  througli  $CFFF  is  normally  allocated  to 

I/O  and  program  memory  on  the  peripheral  cards,  but  this  computer  has  built-in  functions 

that  also  use  this  memory  space.  Figure  8-7  shows  the  division  of  the  address  spaces  assigned 
to  the  built-in  and  peripheral  devices.  The  soft  switches  that  control  the  allocation  of  this 
memory  space  are  described  in  the  next  section. 

Figure  8-7        I/O  memory  map 

$CFFF 

$C800 

$C700 

$C600 

SC500 

$C400 

$C300 

SC200 

$C100 

SCOOO 

Peripheral  - 
expansion  ROM 

Internal  ROM 

and  peripheral  - 
expansion  ROM 

Internal  ROM 

Slot  7  ROM 
AppleTalk  ROM 

Slot  6  ROM 5.25-inch  di,sk  ROM 

Slot  5  ROM 3.5-inch  disk  ROM 

Slot  4  ROM Mouse  ROM 

Slot  3  ROM 80-column  ROM 

Slot  2  ROM Serial-port  ROM 

Slot  1  ROM Serial-port  ROM 

Internal  soft  switches  and  peripheral  I '0 
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Switching  I/O  memory 

The  built-in  firmware  uses  two  sets  of  soft  switches  to  control  the  allocation  of  the  I/O 

memory  space  from  $C000  to  $CFFF.  The  locations  of  these  soft  switches  are  given  in 

Table  8-7. 

♦    Note:  Like  the  display  switches  described  earlier  in  this  chapter,  these  soft  switches  share 

their  locations  with  the  keyboard  data  and  strobe  functions.  The  switches  are  activated 

only  by  writing,  and  the  states  can  be  determined  only  by  reading,  as  indicated  in 

Table  8-7. 

Table  8-7  I/O  memory  switches 

Location 

Name Function Hex 
Dec 

Notes 

SETSL0TC3R0M  Enable  slot  ROM  at  $C300  $COOB  49163 

SETINTC3R0M     Enable  internal  ROM  at  $C300  $COOA  49162 

RDC3R0M  Read  SL0TC3R0M  switch  $C017  49175 

SETSLOTCXROM  Enable  slot  ROM  at  $CxOO  $C006  49159 

SETINTCXROM     Enable  internal  ROM  at  $CxOO  $C007  49158 

RDCXROM  Read  SLOTCXROM  .switch  $C015  49173 

Write 

Write 

Read  (1  ■ 0 
Write 

Write 
Read  (1 

0 

slot  3  ROM  enabled, 
■■  internal  ROM  enabled) 

slot  ROM  enabled, 

internal  ROM  enabled) 

When  SETSL0TC3R0M  is  on,  the  256-byte  ROM  area  at  $C300  is  available  to  a  peripheral 
card  in  slot  3,  which  is  the  slot  normally  used  for  a  terminal  interface.  Turning  SETINTC3R0M 

on  disables  peripheral-card  ROM  in  slot  3  and  enables  the  built-in  80-column  firmware.  The 

80-column  firmware  is  assigned  to  the  slot  3  address  space  because  slot  3  is  normally  used 
with  a  terminal  interface,  so  the  firmware  built  into  the  Apple  IlGS  will  work  with  programs 

that  use  slot  3  this  way. 

The  bus  and  I/O  signals  are  always  available  to  a  peripheral  card  in  slot  3,  even  when  the  80- 

column  hardware  and  firmware  are  operating.  Thus  it  is  always  possible  to  use  this  slot  for  any 

I/O  peripheral  that  does  not  have  built-in  firmware. 
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When  SETSLOTCXROM  is  on,  the  I/O  memory  space  from  $C100  to  SC7FF  is  allocated  to  the 

expansion  slots,  as  described  eariier  in  this  chapter,  in  the  section  "Peripheral-Card  ROM 

Space."  Setting  SETINTCXROM  disables  the  peripheral-card  ROM  and  selects  built-in  ROM  in 
all  of  the  I/O  memory  space  except  the  space  from  $C000  to  SCOFF  (used  for  soft  switches 
and  data  I/O). 

♦    Note:  Setting  SETINTCXROM  enables  built-in  ROM  in  all  of  the  I/O  memory  space 
(except  the  soft-switch  area),  including  the  $C300  space,  which  contains  the 
80-column  firmware. 

Developing  cards  for  slot  3 

In  the  original  Apple  He  firmware,  the  internal  slot  3  firmware  was  always  switched  on  if  there 

was  an  80-column  text  card  (either  IK  or  64K)  in  the  auxiliary  slot.  This  means  that 
peripheral  cards  with  their  own  ROM  were  effectively  switched  out  of  slot  3  when  the  system 
was  turned  on. 

In  the  Apple  IIGS,  only  the  Control  Panel  may  determine  whether  or  not  the  peripheral  card  in 
slot  3  is  selected. 

When  programming  for  cards  in  slot  3: 

■  You  must  support  the  AUXMOVE  and  XFER  firmware  routines.  See  the  Apple  IlGS 
Firmware  Reference  for  information  on  these  routines. 

■  Don't  use  unpublished  entry  points  into  the  internal  SCnOO  firmware,  because  they  may 
change  in  future  Apple  II  firmware  versions. 

■  If  your  peripheral  card  is  a  character  I/O  device,  you  must  follow  the  Pascal  1.1 

firmware  protocol.  See  the  Apple  IlGS  Firmware  Reference  for  more  information. 

Interrupts 

The  original  Apple  He  offered  little  firmware  support  for  intermpts.  The  Apple  IlGS  firmware 
provides  improved  interrupt  support.  Interrupts  are  easiest  to  use  with  ProDOS  and 

Pascal  1.2  because  they  have  interrupt  support  built  in.  DOS  3.3  has  no  built-in  interrupt 
support. 

CHAPTER  8     I/O  Expansion  Slots        193 



The  main  purpose  of  the  interrupt  handler  is  to  support  interrupts  in  any  memory 

configuration.  You  can  best  handle  interrupts  by  saving  the  machine's  state  at  the  time  of  the 
interrupt,  placing  the  Apple  IlGS  in  a  standard  memory  configuration  before  calling  your 

program's  interrupt  handler,  then  restoring  the  original  state  when  your  program's  interrupt handler  is  finished. 

What  is  an  interrupt? 

An  interrupt  is  a  hardware  signal  that  tells  the  computer  to  stop  what  it  is  currently  doing  and 

devote  its  attention  to  a  more  important  task.  Print  spooling  and  mouse  handling  are 

examples  of  interrupt  use:  things  that  don't  take  up  all  the  time  available  to  the  system,  but 
that  should  be  taken  care  of  promptly  to  be  most  useful. 

For  example,  the  Apple  IlGS  mouse  can  send  an  interrupt  to  the  computer  every  time  it 

moves.  If  you  handle  that  interrupt  promptly,  the  mouse  pointer's  movement  on  the  screen 
will  be  smooth  instead  of  jerky  and  uneven. 

Interrupt  priority  is  handled  by  a  daisy-chain  arrangement  using  two  pins,  INT  IN  and  INT 

OUT,  on  each  peripheral-card  slot.  Each  peripheral  card  breaks  the  chain  when  it  makes  an 

interrupt  request.  On  peripheral  cards  that  don't  use  interrupts,  these  pins  should  be 
connected  together. 

The  daisy  chain  gives  priority  to  the  peripheral  card  in  slot  7:  If  this  card  opens  the 

connection  between  INT  IN  and  INT  OUT,  or  if  there  is  no  card  in  this  slot,  interrupt  requests 

from  cards  in  slots  1  through  6  can't  get  through.  Similarly,  slot  6  controls  interrupt  requests 
(IRQ)  from  slots  1  through  5,  and  so  on  down  the  line. 

When  the  /IRQ  line  on  the  Apple  IlGS  microprocessor  is  activated  (pulled  low),  the 

microprocessor  transfers  control  through  the  vector  in  locations  SFFFE  to  $FFFF.  This  vector 

is  the  address  of  the  Monitor  firmware's  interrupt  handler,  which  determines  whether  the 
request  is  due  to  an  external  IRQ  or  a  BRK  instruction  and  transfers  control  to  the 

appropriate  routine  via  the  vectors  stored  in  memory  Page  3.  (For  further  details  on  handling 

interrupts  in  the  Apple  IlGS,  see  the  Apple  IlGS  Firmware  Reference.) 

The  interrupt  ROM  code  is  available  when  shadowing  is  enabled  and  the  inhibit  I/O  and 

language-card  operation  (lOLC)  bit  in  the  Shadow  register  is  set.  The  SETINTCXROM  and 
SETSLOTCXROM  soft  switches  do  not  affect  interrupt  ROM  accesses. 

Timing  diagrams 

The  following  pages  contain  timing  diagrams  for  the  slot  signals  required  to  handle  DMA  and 

general  slot  I/O. 
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Figure  8-8        I/O  clock  and  control  timing 

0l 

7M 

Q3 

/NMI, 
/IRQ, 

/RDY 

Table  8-8  I/O  clock  and  control  timing  parameters 

Number Description 

Minimum* Maximum' 1 00  low  time 
480 

2 00  high  time 
480 

3 0l  high  time 
480 

4 0l  low  time 
480 

5 7M  low  time 

60 

6 Fall  time,  all  clocks 0 

10 

7 Rise  time,  all  clocks 0 10 

8 7M  high  time 60 

9 
Q3  high  time 

270 

10 
Q3  low  time 

200 

11 
Skew,  00  to  other  clock  signals 

-10 

10 

12 Control  signal  setup  time 
140 

'      Time in  nanoseconds. 
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♦    Note:  All  clock  signals  present  on  the  I/O  slots  are  buffered  by  the  Slotmaker  custom  IC. 

These  clock  signals  are  delayed  somewhat  from  the  corresponding  signals  on  the  main 

logic  board  because  of  this  buffering.  All  timing  parameters  in  the  timing  diagrams  in  this 
chapter  have  been  adjusted  to  account  for  this  delay. 

The  standard  Apple  IIGS  slot  I/O  timing  is  shown  in  Figure  8-9.  The  timing  parameters  are 

given  in  Table  8-9.  When  the  computer  is  running  in  high-speed  mode  (2.8  MHz),  the  address 
bus  to  the  I/O  slots  is  not  valid  during  the  entire  oO  cycle,  and  therefore  cannot  be  used  to 

perform  unqualified  address  decoding.  The  /M2SEL  signal  (which  replaces  the  fiSYNC  signal 

found  at  pin  39  in  previous  Apple  II  models),  indicates  when  a  1.024-MHz,  synchronized 
memory  cycle  is  taking  place  and,  therefore,  when  the  value  on  the  address  bus  will  remain 

valid  during  the  current  0O  cycle.  This  means  that  cards  that  use  the  Apple  II  technique  of 

"phantom  slotting"  to  put  multiple  I/O  devices  on  one  card  must  use  /M2SEL  to  qualify  their address  decoding. 

Figure  8-9        I/O  read  and  write  timing 
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Table  8-9  I/O  read  and  write  timing  parameters 

Number Description 

Minimum* Maximum* 1                    /M2SEL  low  from  0O  low 0 
160 

2                    /M2SEL  hold  time 

-10 

3                    I/O  enable  low  from  0O  high 0 

15 

(DEVn,  /lOSELn,  /lOSTRB) 

4                    I/O  enable  high  from  0O  low 

10 

(DEVn,  /lOSELn,  /lOSTRB) 
5                    Address  and  A2R/W  valid  from  0O  low 0 

100 

6                    Address  and  A2R/W  hold  time 

15 

7                   Write  data  valid  delay 0 

30 

8                    Write  data  hold  time 

30 

9                   Read  data  setup  time  to  0O 
140 

10                   Read  data  hold  time 

10 

Time  in  nanoseconds. 

Read  and  write  cycles  that  are  directed  to  the  I/O  slots  by  /INH  have  the  same  timing 

parameters  as  normal  I/O  read  and  write  cycles,  as  shown  in  Figure  8-10  and  Table  8-10.  When 
/INH  is  asserted,  the  computer  responds  as  if  a  Mega  II  memory  cycle  were  being  performed. 

Table  8-10        I/O  read  and  write  timing  parameters  with  /INH  active 

Numljer Description Minimum*  Maximum* 

1 /INH  valid  after  0O  low 0 

175 

2 /INH  hold  time 

15 

3 /INH  low  to  /M2SEL  low  delay 0 

30 

4 /INH  high  to  /M2SEL  high  delay 0 

30 

5 Address  and  A2R/W  valid  from  0O  low 0 
100 

6 Address  and  A2R/W  hold  time 

15 

7 Write  data  valid  delay 

30 

8 Write  data  hold  time 

30 

9 Read  data  setup  time  to  0O 
140 

10 Read  data  hold  time 

10 

Time  in  nanoseconds. 
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Cards  that  use  the  /INH  signal  will  function  properly  only  if  the  computer  is  running  at  1.024 

MHz.  If  the  computer  is  running  at  high  speed,  the  addresses  that  are  seen  by  cards  in  the  I/O 

slots  are  not  guaranteed  to  be  valid  during  an  entire  oO  cycle.  Also,  since  the  upper  8  bits  of 

the  memory'  address  are  not  available  to  cards  (only  16  address  lines  are  available  at  the 
slots),  the  potential  of  /INH  is  greatly  reduced  in  this  machine. 

Figure  8-10       I/O  read  and  write  timing  with  /INH  active 
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DMA  devices  will  work  in  the  Apple  IlGS  computer  only  in  1.024-MHz  mode.  If  the  computer 

is  running  at  high  speed  (2.8  MHz),  only  DMA  accesses  to  the  high-speed  memory  banks  0 
through  127  will  work.  Accesses  to  all  I/O  and  video  memory  must  be  done  at  1.024  MHz.  To 

slow  the  system,  set  the  processor  speed  bit  in  the  Speed  register  at  location  $C036  before 
requesting  DMA. 

DMA  can  be  performed  to  or  from  any  part  of  the  Apple  IlGS  memory  map,  provided  that  the 

DMA  bank  register  is  first  set  to  the  appropriate  bank.  DMA  read  and  write  timing  is  shown  in 

Figure  8-11  and  Table  8-11. 
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Figure  8-11       /DMA  read  and  write  timing 
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Table  8-11        /DMA  read  and  write  timing  parameters 

Number Description 

Minimum* Maximiun* 1 /DMA  low  from  0O  low 
120 

2 /DMA  high  from  0O  low 
120 

3 A15-A0  and  R/W  float  from  /DMA 

30 

4 DMA  address  and  A2R/W  valid  before 

0O  goes  high 

300 
5 DMA  address  and  A2R/W  hold  time 

10 

6 /DMA  high  to  A15-A0  and  A2R/W  active 

30 

7 DMA  address  valid  to  /M2SEL  low 

30 

8 DMA  address  float  to  /M2SEL  high 

30 

9 0O  high  to  write  data  valid 
100 

10 DMA  write  data  hold  time 

10 

11 DMA  read  data  setup  time 

125 

12 DMA  read  data  hold  time 

30 

Time  in  nanoseconds. 
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Chapter  9    Power  Supply 

The  Apple  IlGS  power  supply  has  the  same  four-supply,  switching,  load- 
sensing  design  as  the  Apple  II,  II  Plus,  and  lie  models.  The  following 
sections  describe  the  design  of  this  unit. 

J 
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Description 

The  power  supply  changes  high-voltage  alternating  current  (AC)  into  low-voltage  direct 

current  (DC).  The  Apple  IlGS  does  this  by  using  a  switching-type  power  supply  that  allows 
simple,  maintenance-free  operation. 

A  Warning  The  power  supply  contains  dangerously  high  voltages,  and  should  be 

opened  by  an  authorized  Apple  service  technician  only.  ▲ 

The  power  supply  also  contains  special  load-sensing  circuitry;  whenever  this  circuitry 

detects  a  short  or  a  no-load  condition,  the  power  supply  will  no  longer  provide  voltages  to 
the  computer.  This  condition  is  easily  recognized;  The  supply  will  emit  two  audible  chirps 

per  second.  This  condition  will  persist  until  you  correct  the  situation  or  turn  the  power 

supply  off. 

Specifications 

The  Apple  IlGS  power  supply  operates  on  regular  household  120-volt  alternating  current. 

The  power  supply  provides  +12  volts,  -12  volts,  +5  volts,  -5  volts,  and  two  ground-return 
lines. 

The  power  input  requirements  are  107-  to  132-volt  alternating  current.  The  power  output 
specifications  are  as  follows: 

■  +12  volts  at  1  A 

■  -12  volts  at  0.25  A 

■  +5  volts  at  4  A 

■  -5  volts  at  0.25  A 
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Power  connector 

The  power  connector  is  a  6-pin,  molex-type,  keyed  in-line  socket.  Figure  9-1  shows  the  pin 
configuration  of  the  power  connector.  Table  9-1  gives  a  description  of  each  pin. 

Figure  9-1        Power-supply  connector 

1 2 N.C. 4 5 6 7 

Table  9-1 Pins  on  the  power-supply  connector 

F!n 
Signal Description 

1 GND Ground 
2 GND Ground 

3 N.C. No  connection 

4 

.  +5V 

+5-volt  supply 

5 
+  12V +12-volt  supply 

6 

-12  V 
-12-volt  supply 

7 

-5V 

-5-volt  supply 
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Chapter  10   The  65C816  Microprocessor 

The  microprocessor  is  the  intelligence  of  the  computer  system.  It  is  this 
device  that  recognizes  the  instructions  encoded  by  the  programmer  and 
manipulates  the  other  devices  in  the  system  (VGC,  the  Mega  II,  the 
DOC)  that  result  in  output  such  as  video  and  sound.  Figure  10-1  shows 

the  Apple  IlGS  block  diagram  and  the  relationship  of  the  microprocessor 
to  the  rest  of  the  computer. 
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Figure  10-1      65C816  in  the  Apple  IlGS  system 
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The  Apple  IlGS  uses  the  l6-bit  65C816  microprocessor,  a  CMOS  design  based  on  the  6502 
chip.  The  microprocessor  provides  this  computer  with  greater  computing  power  in  these 
ways: 

■  It  can  operate  as  a  l6-bit  65C816  or  an  8-bit  6502. 

■  The  4  MB  address  range  increases  the  potential  program  and  data  size. 

■  The  l6-bit  internal  data  registers  increase  the  computer's  data-handling  capability. 

■  The  2.8-MHz  processor  speeds  computations. 
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This  chapter  describes  the  new  features  of  this  microprocessor  and  its  capability  to 
emulate  the  6502,  Also,  each  of  the  65C816  internal  registers  is  described  briefly. 

The  features  of  the  65C816 

The  65C816  microprocessor  shares  many  characteristics  with  the  6502  and  65C02  used  in 
other  Apple  Il-family  computers.  It  also  introduces  new  features  not  found  in  other 
Apple  II  computers.  These  are 

the  1 6-bit  accumulator 

the  1 6-bit  X  and  Y  Index  registers 
the  relocatable  direct  page 

the  relocatable  stack 

the  24-bit  internal  address  bus 

the  8-bit  data  address  bank  register 

the  8-bit  program  address  bank  register 
1 1  new  addressing  modes 

36  new  instructions,  for  a  total  of  91  (all  256  operation  codes) 
fast  block-move  instructions 

the  ability  to  emulate  the  6502  8-bit  microprocessor 

For  detailed  descriptions  of  these  features,  refer  to  the  manufacturers'  data  sheets 
at  the  end  of  this  chapter.  To  learn  how  to  implement  these  features,  refer  to  the 
Apple  IlGS  Workshop  Assembler  Reference. 

The  65C816  microprocessor  shares  some  features  with  the  6502  and  65C02  micro- 
processors used  in  previous  Apple  II  models.  Table  10-1  lists  some  of  these  features. 

The  65C816  is  software  compatible  with  the  6502  family  of  microprocessors.  Actually,  the 
65C816  has  an  emulation  mode,  in  which  it  becomes  an  8-bit  6502.  By  emulating  the  6502, 
the  65C816  can  execute  most  programs  written  for  Apple  II  computers. 
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Table  10-1        Some  6500  family  ties 

Characteristic 6502 

1975* 

65C02 

1983* 

65C816 

1985* 

Construction NMOS CMOS CMOS 

ALU  bits 8 8 

16 

Address  bus  bits 
16 16 

24t 

Data  bus  bits 8 8 8 
Maximum  memory 64K 64K 

16M 

Largest  stack 
256 256 64K 

Defined  opcodes 151 
178 256 

Addressing  modes 

13 15 

24 

Relocatable  direct  (zero)  page? No 
No Yes 

6502  software  compatible? Yes 
Yes Yes 

Fast  block-move  instructions? 
No 

No 
Yes 

*    Year  available. 

t    High  8  bits  multiplexed  onto  data  bus. 

The  l6-bit  65C816 

In  the  Apple  IlGS,  the  65C816  normally  operates  in  either  of  two  modes:  6502  emulation 

mode  or  65C816  native  mode.  Figure  10-2  shows  the  sizes  of  the  65C8l6's  internal  registers 
in  emulation  mode  and  in  native  mode.  In  emulation  mode,  the  accumulator  and  Index 

registers  are  8  bits  wide,  and  existing  Apple  II  programs  run  the  same  as  they  do  on  any 

other  Apple  II  model.  In  native  mode,  the  accumulator  and  Index  registers  are  16  bits 

wide.  The  65C816  also  has  several  new  and  more  powerful  addressing  modes  that  take 

advantage  of  its  24-bit  addressing.  The  new  addressing  modes  operate  in  either  native 
mode  or  emulation  mode,  although  the  shorter  registers  in  emulation  mode  make  some  of 
the  new  addressing  inodes  ineffective. 

♦    Note:  Native  mode  can  also  work  with  8-bit  data  registers  with  an  additional 
accumulator,  the  B  register.  Apple  does  not  recommend  8-bit  native  mode,  but  some 
internal  routines  use  it,  and  developers  are  free  to  use  it  if  they  choose. 
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Figure  10-2       65C816  registers 

6502  emulation  mode 

00 

PBR 

00 

01 

PC 

00 Y 

00 1 

24  16  8  0 

Register  length  in  bits 

-  Accumulator  — 

■  X  Index  register  — 

Y  Index  register  — 

Data  bank  register  - 

Stack  pointer  — 

■  Program  Status  register  - 

Program  counter  ■ 

Program  bank  register  - 

-  Direct  register 

These  bits  are  the  values  shown  and  cannot  be  changed 

65C8I6  native  mode 

DBR 

00 

PBR 

PC 

24  16  8  0 

Register  length  in  bits 

Microprocessor  differences 

The  65C8I6  microprocessor  differs  from  the  6502  in  several  ways.  This  section  describes 

some  of  those  differences  and  their  impact  on  program  execution, 
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The  registers 

The  65C816  contains  all  the  registers  found  in  the  6502.  In  addition,  the  new 
microprocessor  has  three  additional  registers  that  make  it  a  more  powerful  chip.  These 
new  registers  provide  additional  addressing  capability  and  greater  data-handling 
capability.  The  nine  registers  within  the  65C816  are  described  below.  (To  learn  how  to  use 

the  registers  in  the  65C816,  see  the  Apple  IlGS  Programmer's  Workshop  Assembler 
Reference.) 

The  accumulator 

The  accumulator  (also  known  as  the  Arithmetic  Logic  Unit— ALU)  is  a  1 6-bit  register  that 
holds  all  values  while  arithmetic  and  logical  calculations  are  performed.  The  entire  16  bits 
of  the  accumulator  in  the  65C816  is  available  in  both  emulation  mode  as  well  as  native 
mode.  The  low  half  of  the  accumulator  is  called  the  A  register,  while  the  upper  half  is 
referred  to  as  the  B  register.  Some  documentation  on  the  65C816  refers  to  the  entire  16- 
bit  register  as  the  C  register,  but  within  this  manual,  we  will  refer  to  the  register  as  the 
accumulator  (all  l6  bits),  or  the  A  or  B  register  (8-bit  values  within  the  accumulator). 

The  results  of  calculations  within  this  register  affect  the  status  bits  in  the  Program  Status 
register. 

X  Index  register 

The  X  Index  register  is  a  l6-bit  register  that  is  used  as  an  address  offset  value  when 
calculating  an  effective  address.  When  the  Program  Status  register  x  bit  is  set,  the  upper  8 
bits  of  the  X  Index  register  are  filled  with  O's  that  cannot  be  altered. 

Y  Index  register 

The  Y  Index  register  is  a  l6-bit  register  that  is  used  as  an  address  offset  value  when 
calculating  an  effective  address.  When  the  Program  Status  register  x  bit  is  set,  the  upper  8 
bits  are  filled  with  O's  that  cannot  be  altered. 

Data  bank  register 

In  native  mode,  the  data  bank  register  is  an  8-bit  register  that  contains  the  most 
significant  byte  of  the  effective  24-bit  address  specified  in  the  X  or  Y  Index  registers 
when  only  16  bits  of  the  address  are  provided.  In  emulation  mode,  it  contains  O's  that cannot  be  altered. 
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Stack  pointer 

In  the  earlier  Apple  II  computers,  the  stack  was  located  at  $100  through  $1FF  in  memory. 
In  the  65C816,  the  stack  can  be  located  anywhere  in  bank  $00,  but  may  not  exceed  64K. 
The  stack  pointer  contains  the  address  of  the  next  available  stack  location.  The  stack 

"grows"  in  a  downward  direction  (toward  lower  addresses  just  as  with  a  6502  stack); 
PUSH  and  PULL  instructions  place  and  remove  bytes  from  the  "top"  of  the  stack 
(actually  the  lowest  address). 

Program  Status  register 

The  Program  Status  register  is  an  8-bit  register  that  contains  status  bits  that  are  set  or 
cleared  as  a  result  of  the  condition  of  the  accumulator  after  each  operation  within  the 
accumulator.  Also,  this  register  contains  the  e,  m,  and  x  bits  that  control  the  emulation 

mode  and  register  size.  This  register  remains  8  bits  in  size  in  both  native  and  emulation 

modes.  Figure  10-3  shows  the  format  of  the  Program  Status  register.  Table  10-2  describes 
these  bits. 

Figure  10-3       Program  Status  register 

e  (emulation/native  mode)  — i 

7 

n  (negative  result)  ■ 

V  (overflow  result)  - 

1  (emulation  mode  only)  — 

m  (memory  select) —' 

b  (interrupt  source  flag)  - 

X  (index  register  size)  — ' 

d  (decimal  mode)  - 

i  (interrupts  disabled) - 

z  (zero  result)  — ' 

c  (carry  generated) - 

3 1 0 

J 
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Table  10-2        Bits  in  the  Program  Status  register 

Bit Value Description 

1 

0 

1 

0 

n  (negative  result):  This  bit  reflects  the  high  bit  of  the 
accumulator  (bit  7  or  bit  15,  depending  upon  the  state  of 

the  m  bit).  When  it  is  0,  the  value  in  the  register  is  a  signed 

positive  value. 
This  bit  will  be  set  to  1  if  the  last  operation  in  the 
accumulator  resulted  in  a  negative  value,  which  will  set  the 
accumulator  high  bit. 

V  (accumulator  overflow):  This  bit  indicates  whether  or 

not  an  overflow  condition  has  occurred.  An  overflow  is 

when  an  arithmetic  result  is  greater  than  can  be 

represented  by  the  register  (either  8  or  l6  bits,  depending 
upon  the  state  of  the  m  bit).  The  overflow  bit  is  set  when 

the  carry  out  of  the  most  significant  bit  is  different  from 

the  carry  out  of  the  next  most  significant  bit.  The  value  of 

the  overflow  bit  may  also  be  described  as  the  exclusive- 

OR  of  the  carry  into  and  out  of  the  most  significant  bit. 
When  this  bit  is  0,  no  overflow  has  occurred. 

This  bit  will  be  set  to  1  if  the  last  operation  in  the 
accumulator  resulted  in  an  overflow, 

m  (memory  and  accumulator  size):  Setting  this  bit  to  0  will 
set  the  accumulator  size  to  l6  bits. 

Setdng  this  bit  to  1  will  set  the  accumulator  size  to  8  bits. 

In  emulation  mode,  this  bit  is  permanently  set  to  1. 

X  (Index  register  size):  Setting  this  bit  to  0  will  set  the  X 

and  Y  Index  register  sizes  to  l6  bits.  The  Index  register 

size  cannot  be  determined  by  reading  this  bit.  (See  "break 
flag,"  below). 
Setting  this  bit  to  1  will  set  the  X  and  Y  Index  register 
sizes  to  8  bits.  In  emulation  mode  this  bit  is  permanently 
set  to  1. 

b  (break  flag):  Reading  bit  4  will  reflect  the  state  of  an 

interrupt.  If  a  0  is  read  in  this  bit  position,  the  current 
interrupt  was  caused  by  software.  If  a  1  is  read  in  this  bit 

position,  the  current  interrupt  was  caused  by  hardware. 
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Table  10-2        Bits  in  the  Program  Status  register  (Continued) 

Bit  Value  Description 

0  d  (decimal  mode):  Setting  this  bit  to  0  instructs  the 

microprocessor  to  carry  out  mathematical  calculations  in 

hexadecimal,  representing  values  in  hex  values  between  $0 
and  $F. 

1  Setting  this  bit  to  1  instructs  the  microprocessor  to  treat 

all  mathematical  computations  as  binary-coded  decimal, 
limiting  the  represented  values  to  numbers  between  0 
and  9. 

0  i  (interrupts  disabled):  Setting  this  bit  to  0  allows  interrupt 

requests  to  be  serviced. 

1  Setting  this  bit  to  1  disables  all  interrupt  requests  that  are 
made. 

0  z  (zero  result):  This  bit  will  be  0  if  the  last  operation 

resulted  in  a  nonzero  value.  This  flag  is  not  limited  to  use 
with  arithmetic  calculations. 

1  This  bit  will  be  1  if  the  last  operation  resulted  in  a  value 
of  0. 

0  c  (carry  generated):  This  bit  will  be  0  if  the  last  arithmetic 
calculation  did  not  result  in  a  carry. 

1  This  bit  will  be  1  if  the  last  arithmetic  calculation 

generated  a  carry. 

0  e  (emulation  mode):  This  bit  sits  "behind"  the  carry  bit 
and  is  exchanged  with  the  carry  bit.  Setting  this  bit  to  1 

places  the  microprocessor  in  6502  emulation  mode.  In 
this  mode,  the  Index  registers  (X  and  Y)  become  8  bits. 

Stack  commands  and  arithmetic  calculations  are  8-bit 

operations.  All  others  remain  l6-bit  operations. 
1  Setting  this  bit  to  1  places  the  microprocessor  in  native, 

l6-bit  mode.  All  operations  in  this  mode  are  l6-bit 

operations. 
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Program  counter 

The  program  counter  is  a  1 6-bit  register  tiiat  is  concatenated  witli  the  program  bank 
register  to  obtain  the  resulting  24-bit  address  of  the  next  instruction  to  be  fetched  for 
execution.  Note  that  the  upper  8  bits  of  the  program  coimter  will  not  increment  across 

page  boundaries.  In  emulation  mode,  this  register  retains  its  24-bit  size.  (See  the  next 

section,  "Program  Bank  Register.") 

Program  bank  register 

The  program  bank  register  is  an  8-bit  register  that  contains  the  most  significant  byte  of 

the  24-bit  program  counter  address.  In  emulation  mode  this  register  is  available,  although 
limited  in  its  use. 

Direct  register 

In  the  previous  Apple  computers,  the  zero  page  (called  the  direct  page  in  the  65C816)  was 

located  in  the  low  $100  bytes  of  memory,  and  could  not  be  moved.  In  the  65C816,  the 

direct  page  can  be  located  anywhere  in  bank  $00.  The  starting  (low-byte)  address  of  the 
direct  page  is  determined  by  the  Direct  register.  This  address  can  be  any  value  from  $0000 

through  $FFOO.  Although  the  direct  page  can  begin  anywhere  in  bank  $00,  there  is  a  one- 
cycle  penalty  when  it  does  not  begin  on  a  page  boundary  (when  the  low  byte  of  the  Direct 

register  is  not  $00).  In  emulation  mode  (e  bit  =  1),  the  high  8  bits  of  this  register  are  set  to 
$01,  and  all  stack  references  are  limited  to  page  1. 

Emulating  the  6502 

As  mentioned  earlier,  the  65C816  is  capable  of  emulating  a  6502  microprocessor.  In 
emulation  mode,  the  65C816  will  execute  the  complete  65C816  instruction  set  (which 
includes  all  6502  instructions),  but  many  of  these  instructions  will  be  of  limited  use 

because  of  the  reduced  width  of  the  registers.  For  instance,  the  X  Index  and  Y  Index 
registers  are  l6  bits  wide  in  native  mode  and  are  reduced  to  8  bits  in  emulation  mode. 

Note  in  Figure  10-2  that  certain  bits  in  some  of  the  registers  are  filled  with  specific  values 
that  cannot  be  altered  when  the  m  bit  is  set. 

To  emulate  the  6502  microprocessor,  set  the  e  bit  to  1.  You  may  then  run  programs  that 
were  written  for  the  6502. 
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Operating  speed 

The  Apple  IlGS  can  run  the  65C816  processor  at  one  of  two  speeds:  1.024  MHz  and 
2.8  MHz.  The  FPI  controls  the  clock  input  signal  to  the  microprocessor  and  selects  the 

appropriate  speed  as  indicated  by  the  clock  speed  bit  in  the  Speed  register. 

Further  reading 

To  learn  more  about  programming  the  65C816  microprocessor,  read  the  following  books; 

Fischer,  Michael.  65816/65802  Assembly  Language  Programming.  Berkeley,  CA: 

Osborne/McGraw-Hill,  1986. 

Eyes,  David,  and  Ron  Lichty.  Programming  the  65816.  New  York:  Brady /Prentice-Hall, 
1986. 

65C816  data  sheets 

On  the  following  pages  are  the  data  sheets  from  one  of  the  two  manufacturers  of  the 
65C816  microprocessor. 
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WDC W65C816 

CMOS  W65C816  and  W65C802 

16-Bit  Microprocessor  Family 
Features 

•  Advanced  CMOS  design  for  low  power  consumption  and  increased 
noise  immunity 

•  Single  3-6V  power  supply.  5V  specified 
•  Emulation  mode  allows  complete  hardware  and  software 

compatibility  with  6502  designs 

•  24-bit  address  bus  allows  access  to  16  MBytes  of  memory  space 
•  Full  16-bit  ALU,  Accumulator.  Stack  Pointer,  and  Index  Registers 
•  Valid  Data  Address  (VDA)  and  Valid  Program  Address  (VPA)  output 

allows  dual  cache  and  cycle  steal  DMA  implementation 

•  Vector  Pull  (VP)  output  indicates  when  interrupt  vectors  are  being 
addressed.  May  be  used  to  implement  vectored  interrupt  design 

•  Abort  (ABORT)  input  and  associated  vector  supports  virtual  memory 
system  design 

•  Separate  program  and  data  bank  registers  allow  program 
segmentation  or  full  16-MByte  linear  addressing 

•  New  Direct  Register  and  stack  relative  addressing  provides  capability 
for  re-entrant,  re-cursive  and  re-locatable  programming 

•  24  addressing  modes— 13  original  6502  modes,  plus  11  new 
addressing  modes  with  91  instructions  using  255  opcodes 

•  New  Wait  for  Interrupt  (WAI)  and  Stop  the  Clock  (STP)  instructions 
further  reduce  power  consumption,  decrease  interrupt  latency  and 
allows  synchronization  with  external  events 

•  New  Co-Processor  instruction  (COP)  with  associated  vector  sup- 
ports co-processor  configurations,  i.e..  floating  point  processors 

•  New  block  move  ability 

General  Description 

WDC's  W65C802  and  W65C816  are  CMOS  16-bit  microprocessors  fea- 
turing total  software  compatibility  with  their  8-bit  NMOS  and  CMOS  6500- 

series  predecessors.  The  W65C802  is  pin-to-pin  compatible  with  8-bit 
devices  currently  available,  while  the  W65C816  extends  addressing  to  a 
full  16  megabytes.  These  devices  offer  the  many  advantages  of  CMOS 
technology,  including  increased  noise  immunity,  higher  reliability,  and 

greatly  reduced  power  requirements.  A  software  switch  determines 

whether  the  processor  is  in  the  8-bit  "emulation"  mode,  or  in  the  native 
mode,  thus  allowing  existing  systems  to  use  the  expanded  features. 

As  shown  in  the  processor  programming  model,  the  Accumulator.  ALU, 

X  and  Y  Index  registers,  and  Stack  Pointer  register  have  all  been  ex- 
tended to  16  bits.  Anew  16-bit  Direct  Page  register  augments  the  Direct 

Page  addressing  mode  (formerly  Zero  Page  addressing).  Separate 

Program  Bank  and  Data  Bank  registers  allow  24-bit  memory  addressing 
with  segmented  or  linear  addressing. 

Four  new  signals  provide  the  system  designer  with  many  options.  The 
ABORT  input  can  interrupt  the  currently  executing  instruction  without 
modifying  internal  register,  thus  allowing  virtual  memory  system  design. 
Valid  Data  Address  (VDA)  and  Valid  Program  Address  (VPA)  outputs 
facilitate  dual  cache  memory  by  indicating  whether  a  data  segment  or 
program  segment  is  accessed.  Modifying  a  vector  is  made  easy  by 
monitohng  the  Vector  Pull  (VP)  output. 

Note:  To  assist  the  design  engineer,  a  Caveat  and  Application  Infor- 
mation section  has  been  included  within  this  data  sheet. 

W65C816  Processor  Programming  Model 
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For  notes,  refer  to  Packaging  Information  section. 

Design  Engineer   William  D   Mensch   Jr 
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Absolute  Maximum  Ratings:  (Note  1) Rating 

Symbol 

Value 

Supply  Voltage 

Vdd 
-0.3V  to  +7.0V 

Input  Voltage ViN -0.3V  to  Vdd  +0.3V 

Operating  Temperature Ta 0°Clo+7Q°C 

Storage  Temperature 

Ts 

-55°Cto+150°C 

This  device  contains  input  protection  against  damage  due  to  high  static 
voltages  or  electric  fields;  however,  precautions  should  be  taken  to  avoid 
application  of  voltages  higher  than  the  maximum  rating. 

Notes: 

1.  Exceeding  these  ratings  may  cause  permanent  damage.  Functional 
operation  under  these  conditions  is  not  implied. 

DC  Characteristics  (All  Devices):  Vdd  =  s.ov  ±5%,  Vss  =  ov,  Ta  =  o^c  to  +70°  c 
Parameter 

Symbol 

Min Ma> 
Unit 

Input  High  Voltage 
RES.  RDY,  IRQ,  Data,  SO,  BE. 

02  (IN).  NMI,  ABORT 

VI H 

2.0 
0.7  Vdd 

Vdd  +  0,3 
Vdd  +  0.3 

V 

V 

Input  Low  Voltage 
RES.  RDY.  IRQ,  Data,  SO,  BE. 

<pZ  (IN).  NMI.  ABORT 

VIL 

-0.3 

-0.3 

0.8 

0.2 

V 

V 

Input  Leakage  Current  (Vin  =  0  to  Voo) 
RES.  NMI.  IRQ,  SO.  BE.  ABORT  (Internal  Pullup) 

RDY  (Internal  Pullup.  Open  Drain) 
02  (IN)                  _ 

Address.  Data.  R/W  (Off  State.  BE  =  0) 

llN 

-100 
-100 

-1 

-10 

1 

10 

1 

10 

J-A 

nA 

(/A 

^A 

Output  High  Voltage  (Iqh  =  -tOOtiA) 
SYNC,  Data,  Address,  R/W,  ML.  VP.  M/X.  E.  VDA.  VPA. 

01  (OUT).  «2  (OUT) 

VOH 

0.7  Vdd 
V 

Output  Low  Voltage  (Iol  =  1.6mA) 
SYNC.  Data,  Address.  R/W.  ML.  VP  M/X.  E.  VDA.  VPA. 

01  (OUT),  02  (OUT) 

Vol 

0.4 

V 

Supply  Current  (No  Load) 

Idd 

4 mA/MHz 

Standby  Current  (No  Load,  Data  Bus  =Vss  or  Vdd 

RES,  NMI,  IRQ,  SO,  BE.  ABORT,  02  =  Vdd) 

ISB 

- 
10 

^,^ 

Capacitance  (Vin  =  OV,  Ta  =  25°C.  f  =  2  MHz) 
Logic,  02  (IN) 

Address,  Data,  R/W  (Off  State) 

CiN 

Cts 

- 

10 

15 

pF 

pF 

Pin  Function  Table 

Pin Detcrlptlon 

A0-A15 Address  Bus 

ABORT Abort  Input 

BE Bus  Enable 

02  (IN) Phase  2  In  Clock 

01  (OUT) Phase  1  Out  Clock 

02  (OUT) Phase  2  Out  Clock 

D0-D7 Data  Bus  (G65SC802) 

D0/BA0-D7/BA7 Data  Bus,  Multiplexed  (G65SC816) 

E Emulation  Select 

IRQ 
Interrupt  Reguest 

ML 
Memory  Lock 

M/X Mode  Select  (Pm  or  Px) 

Pin Detcrlptlon 

NC No  Connection 

nmT Non-Maskable  Interrupt 

RDY 

Ready 

RES 
Reset 

R/W Read/Write 

SO Set  Overflow 
SYNC 

Synchronize 
VDA Valid  Data  Address 

VP 

Vector  Pull 

VPA Valid  Program  Address 

Vdd Positive  Power  Supply  (+5  Volts) 
Vss 

Internal  Logic  Ground 
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AC  Characteristics  (W65C816):  vdd  =  5  ov  -  5%,  vss  =  ov.  Ta  =  c 
°C  to  *70°C 

2  MHz 4  MHz 6  MHz 8  MHz 
Parameter 

Symbol 

Min Ma> 

Min 

Max 

Min 

Max Min Max Unit 

Cycle  Time tcvc 500 DC 

250 

DC 167 DC 

125 

DC 

nS 

Clock  Pulse  Width  Low tPWL 0.240 

10 

0.120 

10 

0.080 

10 

0.060 

10 

//S 

Clock  Pulse  Width  High tPWH 240 3C 120 X 80 3C 

60 

3C 

nS 

Fall  Time,  Rise  Time tF.  tR - 

10 

- 

10 

- 5 — 5 

nS 

A0-A15  Hold  Time 

tAH 

10 

- 

10 

- 

10 

- 

10 

— 

nS 

A0-A15  Setup  Time 
tADS 

- 
100 

— 

75 

- 60 _ 40 

nS 

BA0-BA7  Hold  Time tBH 

10 

- 

10 

- 

10 

— 10 — nS 

BA0-BA7  Setup  Time 
tBAS 

- 

100 

- 90 - 65 — 

45 nS 

Access  Time tACC 365 - 
130 

- 

87 

- 

70 

— 

nS 

Read  Data  Hold  Time tDHR 

10 

- 

10- 

- 

10 

- 

10 

— nS 

Read  Data  Setup  Time tDSR 

40 

- 30 - 20 - 

15 

^ nS 

Write  Data  Delay  Time twos - 
100 

— 70 - 60 — 40 

nS 

Write  Data  Hold  Time 
tOHW 

10 

- 

10 

- 

10 

- 

10 

- 

nS 

Processor  Cpntrol  Setup  Time 

tPCS 

40 - 30 - 20 — 

15 nS 

Processor  Control  Hold  Time tPCH 

10 

- 

10 

- 

10 

— 

10 

- 

nS 

E.MX  Output  Hold  Time 

tEH 

10 

- 

10 

- 5 ~ 5 - 

nS 

E.MX  Output  Setup  Time tES 50 - 50 - 25 - 

15 

- 

nS 

Capacitive  Load  (Address.  Data,  and  R/W) 
Cext 

- 
100 

- 
100 

— 35 — 35 

pF 

BE  to  High  Impedance  State 
tBMZ - 30 - 30 - 30 - 30 nS 

BE  to  Valid  Data tBVD - 30 - 30 - 30 - 30 

nS 

Timing  Diagram  (W65C816) 
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(/////////////////////////m 
Timing  Notes: 

1  Voltage  levels  are  Vl  ..  0  4V.  Vh    ■  2  4V 

2  Timing  measurement  points  are  0  8V  and  2  OV 

218 Apple  IlGS  Hardware  Reference 



AC  Characteristics  (W65C802):  vdd  =  s.ov  ±5%,  vss  =  ov,  Ta  =  o°c  to  t70°c 
2  MHz 4  MHz 6  MHz 8  MHz 

Parameter 

Symbol 

MIn 

Max MIn Max MIn Max 

MIn 

Max 
Unit 

Cycle  Time tCYC 500 

DC 
250 

DC 167 DC 

125 

DC 
nS 

Clock  Pulse  Width  Low 
tPWL 

0-240 

10 

0.120 

10 

0,080 

10 

0.060 

10 

^S 

Clock  Pulse  Width  High 
tPWH 

240 

oo 120 30 80 3C 60 =c 

nS 

Fall  Time.  Rise  Time tF,  tR ~ 

10 

- 10 - 5 - 5 nS 

Delay  Time,  <t>2  (IN)  to  01  (OUT) 
1001 - 20 - 20 - 20 - 20 

nS 

Delay  Time,  02  (IN)  to  (p2  (OUT) 

tD02 

- 

40 

- 

40 

- 

40 

— 

40 

nS 

Address  Hold  Time lAH 

10 

- 

10 

- 

10 

- 

10 

— nS 

Address  Setup  Time tADS - 
100 

- 

75 

- 60 

40 nS 

Access  Time 
tACC 

365 - 
130 

- 

87 

- 

70 

- 

nS 

Read  Data  Hold  Time tDHR 10 - 

10 

- 

10 

- 

10 

- 

nS 

Read  Data  Setup  Time tDSR 

40 

- 30 - 20 - 

15 

— 

nS 

Write  Data  Delay  Time twos - 
100 

- 

70 

- 60 - 

40 

nS 

Write  Data  Hold  Time 

tDHW 

10 

- 10 - 

10 

- 10 — nS 

Processor  Control  Setup  Time 

tPCS 

40 - 30 - 

20 

- 

15 

- 

nS 

Processor  Control  Hold  Time tPCH 

10 

- 

10 

- 

10 

10 - 

nS 

Capacitive  Load  (Address,  Data,  and  R/W) Cext 
  1 

100 - 
100 

-             35 
- 

35     1      pF 

Timing  Diagram  (W65C802) 
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Timing  Notes: 
1.  Voltage  levels  are  Vl<  0.4V,  Vh  >  2.4V 

2.  Timing  measurement  points  are  0.8V  and  2.0V 
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Functional  Description 

The  W65C802  ofters  the  design  engineer  the  opportunity  to  utilize  both 
existing  software  programs  and  hardware  configurations,  while  also 
achieving  the  added  advantages  ot  increased  register  lengths  and  faster 

execution  times.  The  W65C802's  "ease  of  use"  design  and  implementa- 
tion features  provide  the  designer  with  increased  flexibility  and  reduced 

implementation  costs  In  the  Emulation  mode,  the  W65C802  not  only 

offers  software  compatibility,  but  is  also  hardware  (pm-to-pin)  com- 
patible with  6502  designs  .plus  it  provides  the  advantages  of  16-bit 

rnternal  operation  in  6502-compatible  applications  The  W65C802  is  an 
excellent  direct  replacement  microprocessor  for  6502  designs. 

The  W65C816  provides  the  design  engineer  with  upward  mobility  and 

software  compatibility  in  applications  where  a  16-bit  system  configura- 

tion IS  desired.  The  W65C8l6's  16-bit  hardware  configuration,  coupled 
with  current  software  allows  a  wide  selection  of  system  applications.  In 
the  Emulation  mode,  the  W65C816  offers  many  advantages,  including 

full  software  compatibility  with  6502  coding  In  addition,  the  W65C816*s 
powerful  instruction  set  and  addressing  modes  make  it  an  excellent 

choice  tor  new  16-bit  designs. 

internal  organization  of  the  W65C802  and  W65C816  can  be  divided  into 

two  parts.  1 )  The  Register  Section,  and  2)  The  Control  Section.  Instruc- 
tions (or  opcodes)  obtained  from  program  memory  are  executed  by 

implementing  a  series  of  data  transfers  withm  the  Register  Section. 
Signals  that  cause  data  transfers  to  be  executed  are  generated  within  the 
Control  Section,  Both  the  W65C802  and  the  W65C816  have  a  16-bit 
internal  architecture  with  an  8-bil  external  data  bus 

Instruction  Register  and  Decode 
An  opcode  enters  the  processor  on  (he  Data  Bus,  and  is  latched  into  the 
Instruction  Register  during  the  instruction  fetch  cycle.  This  instruction 
IS  then  decoded,  along  with  timing  and  interrupt  signals,  to  generate  the 
various  Instruction  Register  control  signals. 

Timing  Control  Unit  (TCU) 

The  Timing  Control  Unit  keeps  track  of  each  instruction  cycle  as  it  is  ex- 
ecuted. The  TCU  IS  set  to  zero  each  time  an  instruction  fetch  is  executed, 

and  IS  advanced  at  the  beginning  of  each  cycle  for  as  many  cycles  as  is 

required  to  complete  the  instruction.  Each  data  transfer  between  regis- 
ters depends  upon  decoding  the  contents  of  both  the  Instruction  Regis- 

ter and  the  Timing  Control  Unit 

Arithmetic  and  Logic  Unit  (ALU) 

All  arithmetic  and  logic  operations  take  place  within  the  16-bit  ALU.  In 
addition  to  data  operations,  the  ALU  also  calculates  the  effective  address 
for  relative  and  indexed  addressing  modes.  The  result  of  a  data  operation 

IS  stored  m  either  memory  or  an  internal  register.  Carry,  Negative,  Over- 
flow and  Zero  flags  may  be  updated  foliowmg  the  ALU  data  operation. 

Internal  Registers  (Refer  to  Programming  Model) 

Accumulators  (A,  B,  C) 

The  Accumulator  is  a  general  purpose  register  which  stores  one  of  the 
operands,  or  the  result  of  most  arithmetic  and  logical  operations.  In  the 
Native  mode  (E  0),  when  the  Accumulator  Select  Bit  (M)  equals  zero, 

the  Accumulator  is  established  as  16  bits  wide  (A  '  B  C)  When  the 
Accumulator  Select  Bit  (M)  equals  one,  the  Accumulator  is  8  bits  wide 
(A).  In  this  case,  the  upper  8  bits  (B)  may  be  used  for  temporary  storage 
in  conjunction  with  the  Exchange  Accumulator  (XBA)  instruction 

Data  Bank  Register  (DBR) 

During  modes  of  operation,  the  8-bit  Data  Bank  Register  holds  the  de- 
fault bank  address  for  memory  transfers  The  24-bit  address  is  composed 

of  the  16-bit  instruction  effective  address  and  the  8-bit  Data  Bank  ad- 

dress. The  register  value  is  multiplexed  with  tf>e  data  value  and  Is  present 
on  the  Data/ Address  lines  during  the  first  half  of  a  data  transfer  memory 

cycle  for  the  W65C81 6.  The  Data  Bank  Register  is  initialized  to  zero  dur- 

ing Reset. Direct  (D) 

The  16-bit  Direct  Register  provides  an  address  offset  for  all  instructions 
using  direct  addressing.  The  effective  bank  zero  address  is  formed  by 

adding  the  8-bit  instruction  operand  address  to  the  Direct  Register.  The 
Direct  Register  is  initialized  to  zero  during  Reset. 

Index  (X  and  Y) 

There  are  two  Index  Registers  (X  and  Y)  which  may  be  used  as  general 

purpose  registers  or  to  provide  an  index  value  for  calculation  of  the  ef- 
fective address.  When  executing  an  instruction  with  indexed  addressing. 

the  microprocessor  fetches  the  opcode  and  the  base  address,  and  then 

modifies  the  address  by  adding  the  Index  Register  contents  to  the  ad- 
dress prior  to  performing  the  desired  operation,  Pre-indexing  or  post- 

indexing  of  indirect  addresses  may  be  selected.  In  the  Native  mode  (E=0). 
both  Index  Registers  are  16  bits  wide  (providing  the  Index  Select  Bit  (X) 
equals  zero).  If  the  Index  Select  Bit  (X)  equals  one,  both  registers  will  be 
8  bits  wide,  and  the  high  byte  is  forced  to  zero. 
Processor  Status  (P) 

The  8-bit  Processor  Status  Register  contains  status  flags  and  mode  select 
bits.  The  Carry  (C).  Negative  (N).  Overflow  (V).  and  Zero  (Z)  status  flags 
serve  to  report  the  status  of  most  ALU  operations.  These  status  flags  are 
tested  by  use  of  Conditional  Branch  instructions.  The  Decimal  (D).  IRQ 
Disable  {I}.  Memory/Accumulator  (M),  and  Index  (X)  bits  are  used  as 

mode  select  flags  These  flags  are  set  by  the  program  to  change  micro- 
processor operations. 

The  Emulation  (E)  select  and  the  Break  {B)  flags  are  accessible  only 
through  the  Processor  Status  Register.  The  Emulation  mode  select  flag 
IS  selected  by  the  Exchange  Carry  and  Emulation  Bits(XCE)  instruction. 
Table  l.  W65C802  and  W65C816  fvlode  Comparison,  illustrates  the 

features  of  the  Native  (E^O)  and  Emulation  (E=1)  modes,  The  M  and  X 
flags  are  always  equal  to  one  in  the  Emulation  mode.  When  an  interrupt 
occurs  during  the  Emulation  mode,  the  Break  flag  is  written  to  stack 
memory  as  bit  4  of  the  Processor  Status  Register, 

Program  Bank  Register  (PBR) 

The  8-bit  Program  Bank  Register  holds  the  bank  address  for  all  instruc- 
tion fetches  The  24-bit  address  consists  of  the  16-bit  instruction  effective 

address  and  the  8-bit  Program  Bank  address.  The  register  value  is  multi- 
plexed with  the  data  value  and  presented  on  the  Data/Address  lines  during 

the  first  halt  of  a  program  memory  read  cycle.  The  Program  Bank  Regis- 
ter IS  initialized  to  zero  during  Reset  The  PHK  instruction  pushes  the 

PBR  register  onto  the  Stack 

Program  Counter  (PC) 

The  16-bit  Program  Counter  Register  provides  the  addresses  which  are 

used  to  step  the  microprocessor  through  sequential  program  instruc- 
tions. The  register  is  incremented  each  time  an  instruction  or  operand  is 

fetched  from  program  memory 
Stack  Pointer  (S) 

The  Stack  Pointer  is  a  16-bit  register  which  is  used  to  indicate  the  next 
available  location  in  the  stack  memory  area.  It  serves  as  the  effective  ad- 

dress in  stack  addressing  modes  as  well  as  subroutine  and  interrupt  pro- 
cessing. The  Stack  Pointer  allows  simple  implementation  of  nested  sub- 
routines and  multiple-level  interrupts.  During  the  Emulation  mode,  the 

Stack  Pointer  high-order  byte  (SH)  is  always  equal  to  one.  The  bank  ad- 
dress for  all  stack  operations  is  Bank  zero. 
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Figure  1.  Block  Diagram  —  Internal  Architecture 

Signal  Description 

The  following  Signal  Description  applies  to  both  the  W65C802  and  the 
W65C816  except  as  otherwise  noted 

Abort  (ABORT)— W65C816 
The  Abort  input  is  used  to  abort  instructions  (usually  due  to  an  Address 
Bus  condition),  A  negative  transition  will  inhibit  modification  of  any  in- 

ternal register  during  the  current  instruction  Upon  completion  of  this 
instruction,  an  interrupt  sequence  is  initiated.  The  location  of  the  aborted 
opcode  is  stored  as  the  return  address  in  stack  memory  The  Abort  vector 
address  IS  00FFF8. 9  (Emulation  mode)  or  00FFE8.9  (Native  mode),  tMote 
tfiat  ABORT  IS  a  pulse-sensitive  signal:  ie.an  abort  will  occur  whenever 
there  is  a  negative  pulse  (or  level)  on  the  ABORT  pin  during  a  <*2  clock 

Address  Bus  (A0-A15) 
These  sixteen  output  lines  form  the  Address  Bus  for  memory  and  I/O 
exchange  on  the  Data  Bus  When  using  the  W65C816.  the  address  lines 

may  be  set  to  the  high  impedance  state  by  the  Bus  Enable  (BE)  signal 

Bus  Enable  (BE)— W65C816 

The  Bus  Enable  input  signal  aljows  external  control  of  the  Address  arid^ 
Data  Buffers,  as  well  as  the  R/W  signal  With  Bus  Enable  high,  the  R/W 
and  Address  Buffers  are  active.  The  Data/Address  Buffers  are  active 

during  the  first  half  of  every  cycle  and  the  second  half  of  a  write  cycle. 
When  BE  is  low,  these  buffers  are  disabled.  Bus  Enable  is  an  asynchro- 

nous signal. 

Data  Bus  (D0-D7)— W65C802 
The  eight  Data  Bus  lines  provide  an  8-bit  bidirectional  Data  Bus  for  use 
during  data  exchanges  between  the  microprocessor  and  external  mem- 

ory or  peripherals.  Two  memory  cycles  are  required  for  the  transfer  of 16-bit  values. 

Data/ Address  Bus  (D0/BA0-D7/BA7)— W65C816 
These  eight  lines  multiplex  address  bits  BA0-BA7  with  the  data  value.  The 
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address  is  present  during  the  first  half  of  a  memory  cycle,  and  the  data 

value  IS  read  or  written  during  the  second  half  of  the  memory  cycle  Two 

memory  cycles  are  required  to  transler  16-bit  values  These  lines  may  be 
set  to  the  high  impedance  state  by  the  Bus  Enable  (BE)  signal 

Emulation  Status  (E)— W65C816 
The  Emulation  Status  output  reflects  the  state  of  the  Emulation  (E)  mode 

flag  m  the  Processor  Status  (P)  Register  This  signal  may  be  thought  of 

as  an  opcode  extension  and  used  for  memory  and  system  management 

Interrupt  Request  (IRQ) 

The  Interrupt  Request  input  signal  is  used  to  request  that  an  interrupt 

sequence  be  initiated.  When  the  IRQ  Disable  (I)  flag  is  cleared,  a  low  in- 

put logic  level  initiates  an  interrupt  sequence  after  the  current  instruc- 

tion IS  completed.  The  Wait  for  Interrupt  (WAI)  instruction  may  be  ex- 

ecuted to  ensure  the  interrupt  will  be  recognized  immediately.  The  Inter- 

rupt Request  vector  addres^s  isOOFFFE.F  (Emulation  mode)  or  OOF  FEE,  F 

(Native  mode)  Since  IRQ  is  a  level-sensitive  input,  an  interrupt  will 
occur  it  the  interrupt  source  was  not  cleared  since  the  last  interrupt. 

Also,  no  interrupt  will  occur  if  the  interrupt  source  is  cleared  prior  to 

interrupt  recognition 

Memory  Lock  (mL)— W65C816 

The  Memory  Lock  output  may  be  used  to  ensure  the  integrity  of  Read- 
Modify-Write  instructions  in  a  multiprocessor  system  Memory  Lock 
indicates  the  need  to  defer  arbitration  of  the  next  bus  cycle  Memory 

Lock  IS  low  during  the  last  three  or  five  cycles  of  ASL,  DEC,  INC,  LSR. 

ROL,  ROR,  TRB.andTSB  memory  referencing  instructions,  depending 

on  the  state  of  the  M  flag. 

Memory/Index  Select  Status  (M/X)— W65C816 
This  multiplexed  output  reflects  the  state  of  the  Accumulator  (M)  and 

Index  (X)  select  flags  (bits5and  4of  the  Processor  Status  (P)  Register 

Flag  M  IS  valid  during  the  Phase  2  clock  negative  transitionandFlagXis 

valid  during  the  Phase  2  clock  positive  transition  These  bits  may  be 

thought  of  as  opcode  extensions  and  may  be  used  for  memory  and 

system  management 

Non-Maskable  Interrupt  (NMI) 

A  negative  transition  on  the  NMI  input  initiates  an  interrupt  sequence  A 

htgh-to-low  transition  initiates  an  interrupt  sequence  after  the  current 
instruction  is  completed  The  Wait  for  Interrupt  (WAI)  instruction  may  be 

executed  to  ensure  that  the  interrupt  will  be  recognized  immediately  The 

Non-Maskable  Interrupt  vector  address  is  OOFFFA.B  (Emulation  mode) 

or  OOFFEA.B  (Native  mode)  Since  NMI  is  an  edge-sensitive  input,  an 

interrupt  will  occur  if  there  is  a  negative  transition  while  servicing  a  pre- 
vious interrupt   Also,  no  interrupt  will  occur  if  NMI  remains  low 

Phase  1  Out  (01  (OUT))— W65C802 
This  inverted  clock  output  signal  provides  timing  tor  external  read  and 

write  operations  Executing  the  Stop  (STP)  instruction  holds  this  clock 
in  the  low  state 

Phase  2  In  (02  (IN)) 

Thisisthesystemclock  mputtothe  microprocessor  internal  clock  gen- 
erator (equivalent  to  00  (IN)  on  the  6502)  During  the  low  power  Standby 

Mode,  02  (IN)  should  be  held  m  the  high  state  to  preserve  the  contents 
of  internal  registers 

Phase  2  Out  (02  (OUT))— W65C802 
This  clock  output  signal  provides  timing  for  external  read  and  write  op- 

erations Addresses  are  valid  (after  the  Address  Setup  Time  (Tads))  fol- 
lowing the  negative  transition  of  Phase  2  Out  Executing  the  Stop  (STP) 

instruction  holds  Phase  2  Out  in  the  High  state 

Read/Write IR/W) 

When  the  R/ W  output  signal  is  m  the  high  stale,  the  microprocessor  is 

reading  data  from  memory  or  I/O  -When  in  the  low  stale,  the  Data  Bus 
contains  valid  data  from  the  microprocessor  which  is  to  be  store^d  at  the 

addressed  memory  location  When  using  the  W65C816,  the  R/W  signal 

may  be  set  to  the  high  impedance  state  by  Bus  Enable  (BE) 

Ready  (RDY) 

This  bidirectional  signal  indicatesthata  Wait  for  Interrupt  (WAI)  instruc- 

tion has  been  executed  allowing  the  user  to  halt  operation  of  the  micro- 

processor A  low  input  logic  level  will  halt  the  microprocessor  in  its  cur- 
rent state  (note  that  when  in  the  Emulation  mode,  the  W65C802  stops 

only  during  a  read  cycle).  Returning  RDY  to  the  active  high  state  allows 
the  microprocessor  to  continue  following  the  next  Phase  2  In  Clock 

negative  transition.  The  RDY  signal  is  internally  pulled  low  following  the 
execution  of  a  Wait  for  Interrupt  (WAI)  mstruclion,  and  then  returned  to 

the  high  state  when  a  RES,  ABORT,  NMI,  or  IRQ  external  interrupt  is 
provided  This  feature  may  be  used  to  eliminate  interrupt  latency  by 

placing  the  WAI  mstruclion  at  the  beginning  of  the  IRQ  servicing  routine. 

If  the  fRQ^isable  flag  has  been  set,  the  next  instruction  will  be  executed 
when  the  tRQoccurs.  Theprocessor  will  not  stop  after  a  WAI  instruction 

if  RDY  has  been  forced  to  a  high  state.  The  Stop  (STP)  instruction  has 
no  effect  on  RDY 

Reset  (RES) 

The  Reset  input  is  used  to  initialize  the  microprocessor  and  start  pro- 
gram execution.  The  Reset  input  buffer  has  hysteresis  such  that  a  simple 

R-C  timing  circuit  may  be  used  with  the  internal  pull  up  device.  The  RES 

signal  must  be  held  low  for  at  least  two  clock  cycles  after  Vdd  reaches 

operating  voltage  Ready  (RDY)  has  no  effect  while  RES  is  being  held  low. 

During  this  Reset  conditioning  period,  the  following  processor  initializa- 
tion takes  place 

Registers 0000  SH 

00  XH 
00  YH 

N       V       M       X       D       I       Z      C/E 

D 

DBR PBR 

01 

00 

00 

Not  Initialized 

STP  and  WAI  instructions  are  cleared. 

Signals E  1  VDA     -   0 

uiy^       1  VP      -  1 
R,W  1  VPA      -   0 
SYNC      0 

When_Reset  is  brought  high,  an  interrupt  sequence  is  initiated: 
•  R/W  remains  in  the  high  state  during  the  stack  address  cycles. 
•  The  Reset  vector  address  is  OOFFFC.D. 

Set  Overflow  (SO)— W65C802 
A  negative  transition  on  this  input  sets  the  Overflow  (V)  flag,  bit  6  of  the 

Processor  Status  (P)  Register 

Synchronize  (SYNC)— W65C802 
The  SYNC  output  is  provided  to  identify  those  cycles  during  which  the 

microprocessor  is  fetching  an  opcode.  The  SYNC  signal  is  high  during 

an  opcode  fetch  cycle,  and  when  combined  with  Ready  (RDY),  can  be 

used  for  single  instruction  execution. 

Valid  Data  Address  (VDA)  and 

Valid  Program  Address  (VPA)— W65C816 
These  two  output  signals  indicate  valid  memory  addresses  when  high 

(logic  1),  and  must  be  used  for  memory  or  I/O  address  qualification. 

VDA 
0 

VPA 

0 
Internal  Operation  —Address  and  Data  Bus 
available.  The  Address  Bus  may  be  invalid. 

0  1         Valid  program  address  — may  be  used  for  program 

cache  control. 
1  0        Valid  data  address— may  be  used  for  data  cache 

control 1  1         Opcode  fetch  — may  be  used  for  program  cache 

control  and  single  step  control. 

Vdd  and  Vss 

Vdd  IS  the  positive  supply  voltage  and  Vss  IS  system  logic  ground,  Pm  21 
of  the  two  Vss  pins  on  the  W65C802  should  be  used  for  system  ground. 

Vector  Pull  (VP)— W65C816 
The  Vector  Pull  output  indicates  that  a  vector  location  is  being  addressed 

durmg  an  interrupt  sequence.  VP  is  low  during  the  last  two  interrupt 

sequence  cycles,  during  which  time  the  processor  reads  the  interrupt 

vector.  The  VP  signal  may  be  used  to  select  and  prionlize  interrupts  from 

several  sources  by  modifying  the  vector  addresses, 
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Table  1.  W65C816  Compatibility  Issues 

W65C8 16/802 W65C02 NMOS  6502 

1.  S  (Stack) 
Always  page  1  (E  -  1),  8  bits 
16  bits  when  (E  =  0) 

Always  page  1.  8  bits Always  page  1,  8  bits 

2,  X  {X  Index  Register) Indexed  page  zero  always  in 

pageO(E  =  1), 
Cross  page  (E  ̂  0) 

Always  page  0 
Always  page  0 

3.  Y  (Y  Index  Register) Indexed  page  zero  always  in 

pageO(E  -  1), 
Cross  page  (E  -  0). 

Always  page  0 Always  page  0 

4.  A  (Accumulator) 8  bits  (M  =  1).  16  bits  (M  =  0) 8  bits 8  bits 

5.  P  (Flag  Register) N,  V.  and  Z  flags  valid  in 
decimal  mode. 

D  =  0  after  reset  or  interrupt 

N,  V.  and  Z  flags  valid  in 
decimal  mode 

D  ̂   0  after  reset  and 
interrupt. 

N,  V.  and  Z  flags  invalid 
in  decimal  mode. 

D  =  unknown  after  reset, 

D  not  modified  after  interrupt. 
6.   Timing 

A.  ABS,  X  ASL.  LSR.  ROL. 
ROR  With  No  Page  Crossing 

B.  Jump  Indirect 

Operand  =  XXFF 

C.  Branch  Across  Page 

D.  Decimal  Mode 

7  cycles 

5  cycles 

4  cycles  (E  -  1) 
3  cycles  (E  -  0) 
No  additional  cycle 

6  cycles 

6  cycles 

4  cycles 

Add  1  cycle 

7  cycles 

5  cycles  and  invalid  page 

crossing 

4  cycles 

No  additional  cycle 

7,   BRK  Vector OOFFFE.F  (E  =  1)  BRK  bit      0 
on  stack  if  IRQ,  NMI,  ABORT. 

00FFE6,  7  (E  =  0)  X  ■  Xon 
Stack  always 

FFFE.F  BRK  bit  -  0  on  stack 
if  IRQ,  NMI 

FFFE,F  BRK  bit  -  0  on  stack 
if  IRQ.  NMI                                    ! 

8,   Interrupt  or  Break 
Bank  Address 

PBR  not  pushed  (E  -  1) 
RTI  PBR  not  pulled  (E  -  1) 
PBR  pushed  (E  -  0) 
RTI  PBR  pulled  (E  -  0) 

Not  available Not  available 

9    Memory  Lock  (ML) ML  =  0  during  Read,  Modify  and 
Write  cycles. 

ML     0  durmg  Modify  and  Write. Not  available 

10    Indexed  Across  Page 
Boundary  (d),y;  a,x,  a,y 

Extra  read  of  invalid  address 
(Note  1) 

Extra  read  of  last  instruction 
fetch. 

Extra  read  of  invalid  address. 

11    RDY  Pulled  During  Write 

Cycle 

Ignored  (E  =  1)  for  W65C802  only    .     Processor  stops 
Processor  stops  (E  -  0). Ignored 

12    WAI  and  STP  Instructions. Available                                                  i     Available Not  available 

13.  Unused  OP  Codes One  reserved  OP  Code  specified 
as  WDM  will  be  used  in  future 

systems  The  W65C816  performs 
a  no-operation. 

No  operation 

1 

Unknown  and  some  'hang up"  processor. 

14    Bank  Address  Handling PBR  =  00  after  reset  or  interrupts Not  available Not  available 

15,   R/W  During  Read-Modify- 
Write  Instructions 

E  =  1.  R/W  -  0  during  Modify  and 
Write  cycles 

E  =  0,  R/W      0  only  during 
Write  cycle. 

R/W  -  0  only  during  Write  cycle R/W  -  0  during  Modify  and 
Write  cycles 

16    Pin  7 W65C802     SYNC. 

W65C816  -  VPA 

SYNC                                                    1 SYNC 

17.  COP  Instruction 

Signatures  00-7F  user  defined 
Signatures  80-FF  reserved 

Available Not  available Not  available 

Note  1.  See  Caveat  section  for  additional  information 
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W65C802  and  W65C816 

Microprocessor  Addressing  Modes 

The  W65C816  is  capable  of  directly  addressmg  16  MBytes  of  memory. 
This  address  space  has  special  significance  within  certain  addressing 
modes,  as  follows: 

Reset  and  Interrupt  Vectors 
The  Reset  and  Interrupt  vectors  use  the  majority  of  the  fixed  addresses 
between  OOFFEO  and  OOFFFF. 

Stack 

The  Stack  may  use  memory  from  000000  to  OOFFFF.  The  effective  ad- 
dress of  Stack  and  Stack  Relative  addressing  modes  will  always  be  within 

this  range. 

Direct 

The  Direct  addressing  modes  are  usually  used  to  store  memory  registers 
and  pointers.  The  effective  address  generated  by  Direct,  Direct, X  and 

Direct, Y  addressing  modes  is  always  m  Bank  0  (000000-OOFFFF) 

Program  Address  Space 
The  Program  Bank  register  is  not  affected  by  the  Relative,  Relative  Long, 
Absolute.  Absolute  Indirect,  and  Absolute  Indexed  Indirect  addressing 
modes  or  by  incrementing  the  Program  Counter  from  FFFF.  The  only 
instructions  that  affect  the  Program  Bank  register  are,  RTI,  RTL.  JML, 

JSL,  and  JMP  Absolute  Long.  Program  code  may  exceed  64K  bytes  al- 
though code  segments  may  not  span  bank  boundaries. 

Data  Address  Space 
The  data  address  space  is  contiguous  throughout  the  16  MByte  address 
space.  Words,  arrays,  records,  or  any  data  structures  may  span  64  KByte 
bank  boundaries  with  no  compromise  in  code  efficiency  The  following 

addressing  modes  generate  24-bit  effective  addresses: 
•  Direct  Indexed  Indirect  (d,x) 
•  Direct  Indirect  Indexed  (d),y 
•  Direct  Indirect  (d) 
•  Direct  Indirect  Long  [d] 

•  Direct  Indirect  Long  Indexed  [dl,y 
•  Absolute  a 
•  Absolute  a.x 
•  Absolute  a,y 

•  Absolute  Long  al 

•  Absolute  Long  Indexed  al,x 
•  Stack  Relative  Indirect  Indexed  (d,s),y 

The  following  addressing  mode  descriptions  provide  additional  detail  as 
to  how  effective  addresses  are  calculated. 

Twenty-four  addressing  modes  are  available  for  use  with  the  W65C802 

and  W65C816  microprocessors.  The  "long"  addressing  modes  may  be 
used  with  the  W65C802;  however,  the  high  byte  of  the  address  is  not 
available  to  the  hardware.  Detailed  descriptions  of  the  24  addressing 
modes  are  as  follows: 

1.  Immediate  Addressing— # 
The  operand  is  the  second  byte  (second  and  third  bytes  when  in  the 
16-bit  mode)  of  the  instruction 

2.  Absolute — a 
With  Absolute  addressing  the  second  and  third  bytes  of  the  instruc- 

tion form  the  low-order  16  bits  of  the  effective  address.  The  Data 
Bank  Register  contains  the  high-order  8  bits  of  the  operand  address. 

Instruction:        opcode 

Operand Address:  DBR 

addrl addrh 

addrl 

3.  Absolute  Long— al 
The  second,  third,  and  fourth  byte  ot  the  instruction  form  the  24-bit 
effective  address- 

tnstruction: 

Operand Address: 

opcode addri addrh baddr 

baddr 
addrh addrl 

.  Direct— d 
The  second  byte  of  the  instruction  is  added  to  the  Direct  Register 
(D)  to  foYm  the  effective  address.  An  additional  cycle  is  required 

when  the  Direct  Register  is  not  page  aligned  (DL  not  equal  0).  The 
Bank  register  is  always  0 

instruction:  I     opcode 

Operand 
Address: 00 

Direct  Register 

I       offset 

effective  address 

5.  Accumulator— A 
This  form  of  addressing  always  uses  a  single  byte  instruction.  The 
operand  is  the  Accumulator 

6.  Implied — i Implied  addressing  uses  a  single  byte  instruction.  The  operand  is 
implicitly  defined  by  the  instruction. 

7.  Direct  Indirect  Indexed — (d),y 
This  address  mode  is  often  referred  to  as  lndirect,Y.  The  second 

byte  of  the  instruction  is  added  to  the  Direct  Register  (D).  The  16-bit 
contents  of  this  memory  location  is  then  combined  with  the  Data 
Bank  register  to  form  a24-bit  base  address.  The  Y  Index  Register  is 
added  to  the  base  address  to  form  the  effective  address. 

Instruction: 

[     opcode 

[      offset      \ 

I           Direct  Register        | 

+                              offset       1 

00 1           direct  address         | 

00 
1           (direct  address)        | 

1         DBR 

1 base  address                       | 

j       YReg 

effective  address                   1 
Operand 
Address: 

8.  Direct  Indirect  Long  Indexed— [d],y 
With  this  addressing  mode,  the24-bit  base  address  is  pointed  to  by 
the  sum  of  the  second  byte  of  the  instruction  and  the  Direct 
Register  The  effective  address  is  this  24-bit  base  address  plus  the  Y 
Index  Register. 

Instruction: 

opcode 

1       offset       1 

Direct  Register         | 

j 
offset       1 

00 direct  address         | 

' (direct  address) 1 

YReg 

1 effective  address 1 
Operand 
Address; 

.  Direct  Indexed  Indirect— (d,x) 
This  address  mode  is  often  referred  to  as  Indirect, X.  The  second 
byte  of  the  instruction  is  added  to  the  sum  of  the  Direct  Register 
and  the  X  Index  Register  The  result  points  to  the  low-order  16  bits 
of  the  effective  address.  The  Data  Bank  Register  contains  the  high- 
order  8  bits  of  the  effective  address. 
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j Instruction:  j Opcode     \ 
oftset      I 

Direct  Register        [ 

* 
1       offset 

direct  address         i 

00 

i      X  Reg      1 

1 address               | 

00 (address)               | 

*      1 

DBR       1 

Operand        i 
Address:        I eflective  address 

10.  Direct  Indexed  With  X— d,x 
The  second  byte  of  the  instruction  is  added  to  the  sum  of  the  Direct 
Register  and  the  X  Index  Register  to  (orm  the  16-btt  effective 
address  The  operand  is  always  m  Bank  0 

Instruction: 
opcode 

offset 

Operand Address: 00 

Direct  Register 

I       offset 

direct  address 

i       X  Reg 

effective  address 

11.  Direct  Indexed  With  Y— d,y 
The  second  byte  of  the  instruction  is  added  to  the  sum  of  the  Direct 
Register  and  the  Y  Index  Register  to  form  the  16-bit  effective 
address.  The  operand  is  always  m  Bank  0 

Instruction:        opcode offset 

Operand Address: 

00 

Direct  Register 

I      offset 

direct  address 

i       Y  Reg 

effective  address 

12.  Absolute  Indexed  With  X— a,x 
The  second  and  third  bytes  o(  the  instruction  are  added  to  the 
X  Index  Register  to  form  the  low-order  16  bits  ot  the  effective  ad- 

dress. The  Data  Bank  Register  contains  the  high-order  8  bits  of  the 
effective  address. 

Instruction:  [ 
opcode     1       addrl 

addrh      j 

1 DBR        1       addrh 

^1 

i addrl        | XReg      1 

Operand       i 
Address:        1 effective  add 

ress 1 

13.  Absolute  Long  Indexed  With  X— al.x 
The  second,  third  and  fourth  bytes  of  the  instruction  form  a  24-bit 
base  address.  The  effective  address  is  the  sum  of  this  24-bit  address 
and  the  X  Index  Register. 

Intlructlon:        opcode 

addrl       1 
XReg       I 

Operand 
Address: effective  address 

14.  Absolute  Indexed  With  Y— a.y 
The  second  and  third  bytes  of  the  instruction  are  added  to  the 
Y  Index  Register  to  form  the  low-order  16  bits  of  the  effective  ad- 

dress The  Data  Bank  Register  contains  the  high-order  8  bits  of  the 
effective  address 

Instruction:        opcode 

I I       addrh       |       addrl 

I  i      Y  Reg 

Operand 
Address: effective  address 

15.  Program  Counter  Relative— r 
This  address  mode,  referred  to  as  Relative  Addressing,  is  used  only 
with  the  Branch  instructions.  If  the  condition  being  tested  is  met. 
the  second  byte  of  the  instruction  is  added  to  the  Program  Counter, 
which  has  been  updated  to  point  to  the  opcode  of  the  next  instruc- 

tion. The  offset  is  a  signed  8-bit  quantity  in  the  range  from  -128  to 
127  The  Program  Bank  Register  is  not  affected 

16.  Program  Counter  Relative  Long— rl 
This  address  mode,  referred  to  as  Relative  Long  Addressing,  is  used 
only  with  the  Unconditional  Branch  Long  instruction  (BRL)  and  the 
Push  Effective  Relative  instruction  (PER).  The  second  and  third 
bytes  of  the  instruction  are  added  to  the  Program  Counter,  which 
has  been  updated  to  point  to  the  opcode  of  the  next  instruction.  With 
the  branch  instruction,  the  Program  Counter  is  loaded  with  the 
result.  With  the  Push  Effective  Relative  instruction,  the  result  is 

stored  on  the  stack.  The  offset  is  a  signed  16-bit  quantity  in  the  range 
from  -32768  to  32767,  The  Program  Bank  Register  is  not  affected, 

17.  Absolute  Indirect— (a) 
The  second  and  third  bytes  of  the  instruction  form  an  address  to  a 
pointerm  BankO.  The  Program  Countens  loaded  with  the  first  and 
second  bytes  at  this  pointer.  With  the  Jump  Long  (J  ML)  instruction, 
the  Program  Bank  Register  is  loaded  with  the  third  byte  of  the 

pointer. 
Instruction: 

opcode 

addrl addrh 

Indirect  Address  =  I  00  |       addrh       |      .addrl        | 

New  PC  ̂   (indirect  address) 
with  JML: 

New  PC  ~  (indirect  address) 

New  PBR  ̂   (indirect  address  *2) 

18.  Direct  Indirect— (d) 
The  second  byte  of  the  instruction  is  added  to  the  Direct  Register  to 
form  a  pointer  to  the  low-order  16  bits  of  the  effective  address.  The 
Data  Bank  Register  contains  the  high-order  8  bits  of  the  effective address. 

Instruction:       opcode offset 

Operand 

Address: 

I  Direct  Register 
*  I       oftset 

00  I  direct  address 

00  I  (direct  address) 
DBR       I 

effective  address 
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19.  Direct  Indirect  Long— [d] 
The  second  byte  of  the  instruction  is  added  to  the  Direct  Register  to 
form  a  pointer  to  the  24-biI  effective  address. 

Instruction:        opcode 

Direct  Register 

I       offset 

direct  address 

then: 

Operand Addrett: (direct  address) 

20.  Absolute  Indexed  lndirect~(a,x) 
The  second  and  third  byles  of  the  instruction  are  added  to  the 
X  Index  Registerto  form  a  l6-bit  pomterm  BankO  The  contents  of 
this  pointer  are  loaded  in  the  Program  Counter  The  Program  Bank 
Register  is  not  changed 

Instruction:        opcode 
addrl addrh 

addrl 
XReg 

21. 

22. 

PC  -  (address) 

Slack— s 
Stack  addressing  refers  to  all  instructions  that  push  or  pull  data 
from  the  stack,  such  as  Push,  Pull,  Jump  to  Subroutine.  Return  from 
Subroutine,  Interrupts,  and  Return  from  Interrupt.  The  bank  ad- 

dress IS  always  0  Interrupt  Vectors  are  always  fetched  from  BankO 

Slack  Relative— d,s 
The  tow-order  16  btts  of  the  effective  address  is  formed  from  the 
sum  of  the  second  byte  of  the  instruction  and  the  Stack  Pointer  The 
high-order  8  bits  of  the  effective  address  is  always  zero  The  relative 
offset  IS  an  unsigned  8-bit  quantity  in  the  range  of  0  to  255. 

23.  Stack  Relative  Indirect  Indexed— (d,s),y 
The  second  byte  ot  the  instruction  is  added  to  the  Stack  Pointer  to 
form  a  pointer  to  the  low-order  16-bit  base  address  in  Bank  0.  The 

Data  Bank  Register  contains  the  high-order  8  bits  ot  the  base  ad- 
dress. The  effective  address  is  the  sum  of  the  24-bit  base  address 

and  the  Y  Index  Register. 

Instruction: 
opcode 

offset 

Stack  Pointer 

I       offset 
S  ♦  offset 

S  *  offset 

base  address 

Y  Reg 

Operand Address: effective  address 

24.  Block  Source  Bank,  Destination  Bank— xyc 
This  addressing  mode  is  used  by  the  Block  Move  instructions.  The 

second  byteof  the  instruction  contains  the  high-order  8  bits  of  the 
destination  address.  The  Y  index  Register  contains  the  low-order  16 
bits  of  the  destination  address  The  third  byte  of  the  instruction 
contains  the  high-order  8  bits  of  the  source  address.  The  X  Index 
Register  contains  the  low-order  16  bits  of  the  source  address,  The 
C  Accumulator  contains  one  less  than  the  number  of  bytes  to  move. 
The  second  byte  of  the  block  move  instructions  is  also  loaded  into 
the  Data  Bank  Register, 

Instruction:  I     opcode 
dstbnk 

Source 
Address: 

Destination 
Address: 

dslbnk 

-       DBR 

srcbnk 

XReg 

DBR       i 

Y  Reg 

Instruction:        opcode offset 

Operand 
Address: 

Stack  Pointer 

I       offset 

effective  address 

Increment  (MVN)  or  decrement  (MVP)  X  and  Y. 

Decrement  C  (if  greater  than  zero),  then  PC ■•■3   -  PC. 
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Table  2.  W65C802  and  W65C816  Instruction  Set— Alphabetical  Sequence 

ADC  Add  Memory  to  Accumulator  with  Carry  PHA 

AND       "AND"  Memory  with  Accumulator  PHB 
ASL  Shift  One  Bit  Lett.  Memory  or  Accumulator  PHD 
BCC  Branch  on  Carry  Clear  (Pc  ̂   0)  PHK 
BCS  Branch  on  Carry  Set  (Pc  =  1)  PHP 
BEQ  Branch  if  Equal  (P2  =  1)  PHX 
BIT  Bit  Test  PHY 

BMI  Branch  if  Result  Minus  (Pn  =  1)  PLA 
BNE  Branch  if  Not  Equal  (Pz  =  0)  PLB 
BPL  Branch  If  Result  Plus  (Pn  =  0)  PLD 
BRA  Branch  Always  PLP 
BRK  Force  Break  PLX 

BRL  Branch  Always  Long  PLY 
BVC  Branch  on  Overflow  Clear  (Pv  -  0)  REP 
BVS  Branch  on  Overflow  Set  (Pv      1)  ROL 
CLC  Clear  Carry  Flag  ROR 
CLD  Clear  Decimal  Mode  RTI 

CLI  Clear  Interrupt  Disable  Bit  RTL 
CLV  Clear  Overflow  Flag  RTS 
CMP  Compare  Memory  and  Accumulator  SBC 
COP  Coprocessor  SEC 
CPX  Compare  Memory  and  Index  X  BED 
CPY  Compare  Memory  and  Index  Y  SEl 
DEC  Decrement  Memory  or  Accumulator  by  One  SEP 
DEX  Decrement  Index  X  by  One  STA 
DEY  Decrement  Index  Y  by  One  STP 

EOR  "Exclusive  OR"  Memory  with  Accumulator  STX 
INC  Increment  Memory  or  Accumulator  by  One  STY 
INX  Increment  Index  X  by  One  STZ 
INY  Increment  Index  Y  by  One  TAX 
JML  Jump  Long  TAY 
JMP  Jump  to  New  Location  TCD 
JSL  Jump  Subroutine  Long  TCS 
JSR  Jump  to  New  Location  Saving  Return  Address  TDC 
LDA  Load  Accumulator  with  Memory  TRB 
LDX  Load  Index  X  with  Memory  TSB 
LDY  Load  Index  Y  with  Memory  TSC 
LSR  Shift  One  Bit  Right  (Memory  or  Accumulator)  TSX 
MVN  Block  Move  Negative  TXA 
MVP  Block  Move  Positive  TXS 
NOP  No  Operation  TXY 

ORA  OR"  Memory  with  Accumulator  TYA 
PEA  Push  Effective  Absolute  Address  on  Stack  (or  Push  Immediate  TYX 

Data  on  Stack)  WAI 
PEI  Push  Effective  Indirect  Address  on  Stack  (or  Push  Direct  WDM 

Data  on  Stack)  XBA 

PER  Push  Effective  Prog-ram  Counter  Relative  Address  on  Slack  XCE 

For  alternate  mnemonics,  see  Table  7. 

Push  Accumulator  on  Stack 

Push  Data  Bank  Register  on  Stack 
Push  Direct  Register  on  Stack 

Push  Program  Bank  Register  on  Stack 
Push  Processor  Status  on  Stack 
Push  Index  X  on  Stack 
Push  Index  Y  on  Stack 
Pull  Accumulator  from  Stack 

Pull  Data  Bank  Register  from  Stack 
Pull  Direct  Register  from  Stack 
Pull  Processor  Status  from  Stack 
Pull  Index  X  from  Stack 

Pull  Index  Y  form  Stack 
Reset  Status  Bits 

Rotate  One  Bit  Left  (Memory  or  Accumulator) 
Rotate  One  Bit  Right  (Memory  or  Accumulator) 
Return  from  Interrupt 

Return  from  Subroutine  Long 
Return  from  Subroutine 

Subtract  Memory  from  Accumulator  with  Borrow 
Set  Carry  Flag 

Set  Decimal  Mode 
Set  Interrupt  Disable  Status 
Set  Processor  Status  Bite 

Store  Accumulator  in  Memory 

Stop  the  Clock 
Store  Index  X  in  Memory 
Store  Index  Y  in  Memory 
Store  Zero  m  Memory 
Transfer  Accumulator  to  Index  X 
Transfer  Accumulator  to  Index  Y 

Transfer  C  Accumulator  to  Direct  Register 
Transfer  C  Accumulator  to  Stack  Pointer  Register 
Transfer  Direct  Register  to  C  Accumulator 
Test  and  Reset  Bit 
Test  and  Set  Bit 

Transfer  Stack  Pointer  Register  to  C  Accumulator 
Transfer  Stack  Pointer  Register  to  Index  X 
Transfer  Index  X  to  Accumulator 

Transfer  Index  X  to  Stack  Pointer  Register 
Transfer  Index  X  to  Index  Y 
Transfer  Index  Y  to  Accumulator 
Transfer  Index  Y  to  Index  X 
Wait  for  Interrupt 

Reserved  for  Future  Use 

Exchange  B  and  A  Accumulator 
Exchange  Carry  and  Emulation  Bits 

Table  3.  Vector  Locations 

E      1 E     0 
OOFFFE.F IRQ, BRK Hardware- Software OOFFEEF 

IRQ 

Hardware 
OOFFFCD RESET Hardware OOFFEC.D 

-(Reserved) 

OOFFFA.B NMI Hardware OOFFEA.B 

NMI 

Hardware 

OOFFF8,9 ABORT Hardware OOFFE8,9 

-ABORT 

Hardware 
OOFFF6,7 (Reserved) 00FFE57 

-BRK 

Software 
OOFFF4,5 COP Software OOFFE4,5 

COP 

Software 

The  VP  Output  IS  low  during  the  two  cycles  used  for  vector  locaiion  access 
When  an  interrupt  is  executed,  D     U  and  I      1  in  Status  Register  P 
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Table  4.  Opcode  Matrix 

M 

S 

0 LSD 

M 

S 

D 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

A 

B 

C 

D 

E 

F 

0 1 2 3 4 5 6 7 8 9 A B c D E F 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

A 

B 

C 

D 

E 

F 

BRK  s 
2     8 

ORA  (d.«) 

2     6 
COPs 
2*8 

ORAd.s 

2*4 

TSBd 

2*5 

ORAd 

2     3 
ASLd 2     5 

ORA  |dl 

2  *6 

PHPs 
1     3 

ORA  # 
2     2 ASLA 1      2 

PHDs 

1*4 

TSBa 

3*6 

ORA  a 

3     4 

ASLa 
3     6 

ORAal 

4  *5 
BPLr 

2     2 

ORA  (d),y 

2     5 

ORA  (d| 

2*5 

ORA  ld,s).y 

2*7 

TRBd 

2*5 

ORA  d.x 

2     4 

ASLd.x 

2     6 

ORAIdl.y 

2*6 
CLCl 
1     2 

ORAa.y 

3     4 
INC  A 

1  ̂2 

TCSi 

1  *2 

TRBa 

3*6 

ORA  a.x 

3    4 

ASL  a.x 

3     7 

ORAal.x 

4*5 

JSRa 
3     6 

AND(d,x) 
2     6 

JSLal 
4*8 

ANDd.s 

2*4 

BlTd 

2     3 

ANDd 
2     3 

ROLd 

2     5 

AND|d| 

2*6 

PLPs 

1     4 AND« 2     2 
ROL  A 1     2 

PLDs 

1*5 BIT  a 

3    4 

AND  a 

3    4 

ROL  a 

3    6 
ANDal 4*5 

BMI  r 
2     2 

AND  (dl.y 

2     5 

AND  (dl 

2*5 

ANDld.sKy 

2*7 

BIT  d.x 

2*4 

AND  d.x 

2     4 

ROL  d.x 
2     6 

ANDIdl.y 

2  *6 

SECi 1     2 

AND  ay 

3     4 
DEC  A 

1  '2 

TSC, 

1  *2 

BITa.x 

3*4 

AND  a.x 

3    4 

ROL  a.x 

3     7 

ANDal.x 

4*5 

RTI  s 

1      7 

EOR  (d.x) 

2     6 
WDM 

2*2 

EORd.s 

2*4 

MVP  xyc 

3  *7 

EORd 

2     3 
LSR  d 
2     5 

EORldl 

2*6 
PHA  s 
1     3 

EOR» 2     2 
LSR  A 
t     2 

PHKs 

1  *3 

JMPa 3     3 EOR  a 
3     4 

LSR  a 
3    6 

EORal 
4*5 

BVCr 

2     2 

EOR  Idl.y 

2     5 

EOR  (d) 

2*5 

EOR  Id.sj.y 

2  *7 

MVN  xyc 

3*7 

EOR  d.x 

2     4 

LSR  d.x 
2     6 

EOR  Idl.y 

2  *6 
CLh 

1      2 

EORa.y 

3     4 

PHY  s 1*3 TCDi 

1*2 JMPal 

4  *4 

EOR  a.x 

3     4 

LSR  a.x 

3    7 

EORal.x 

4*5 

RTSs 

1      6 

ADC  (d.x) 

2     6 

PER  s 

3  *6 

ADCds 

2*4 

ST^d 

2*3 

ADCd 

2     3 

ROR  d 

2     5 

ADCIdl 

2  *6 

PLAs 

1      4 
ADC« 
2     2 

ROR  A 
1     2 

RTLs 

1  *6 

JMP(a| 

3     5 

ADC  a 

3    4 

ROR  a 
3    6 

ADCal 4*5 

BVSr 
2     2 

ADC  (d),y 

2     5 

ADC  Id) 

2*5 

ADC  (d.sl.y 

2*7 

STZd.x 

2*4 

ADC  d.x 

2     4 

ROR  d.x 
2     6 

ADCIdl. y 

2*6 
SEI  1 

1     2 

ADC  ay 

3     4 

PLY  s 

1*4 

TDCi 

1  *2 

JMP(a.x) 

3*6 

ADC  a.x 

3    4 

ROR  a.x 

3     7 

ADCal.x 

4*5 

BRAr 

2*2 

STA  (d,x| 

2     6 
BRL  rl 

3*3 

STAds 

2*4 

STYd 

2     3 

STAd 2     3 STXd 

2     3 

STA  |d| 

2  *6 

DEY  1 

1      2 

BIT. 2'2 

TXA  I 1      2 

PHBs 

1*3 
STY  a 

3     4 

STA  a 

3     4 

STX  a 

3     4 
STAal 4*5 

BCCr 
2     2 

1   

STA  (dl.y 

2     6 

STA  (d) 

2*5 

STA  (d,s),y 

2  *7 

STY  d.x 

2     4 

STA  d.x 

2     4 

STX  d.y 

2     4 

STAJdI.y 

2  *6 

TYAi 1      2 

STA  a.y 

3     5 

TXSi 1      2 

TXY  1 

1*2 
STZa 

3*4 

STA  a.x 

3     5 

STZ  a.x 

3*5 

STAal.x 
4*5 

LDY  » 
2     2 

BCSr 
2     2 

LDAtdx) 

2     6 LDX  • 2     2 

LDA  d,s 

2  *4 

LDYd 

2     3 
LDAd 2     3 

LDXd 

2     3 

LDA|d| 

2*6 

TAY  1 
1     2 

LDA  • 2     2 
TAXi 1      2 

PLBs 

1  *4 

LDY  a 
3     4 

LDA  a 

3     4 
LDX  a 

3     4 

LDAal 

4*5 
LDA  (d)  y 

2     5 

LDA  (d) 

2*5 

LDA  (d,s).y 

2*  7 
LDY  d.x 

2     4 

LDA  d.x 

2     4 

LDX  d.y 

2     4 

LDAJdl.y 

2*6 
CLVi 

1     2 

LDA  ay 

3     4 

TSX  1 
1      2 

TYXl 

1*2 

LDY  a.x 

3     4 

LDA  a.x 

3     4 

LDX  a.y 

3     4 

LDAal.x 4*5 

CPY  » 2     2 

CMPld.xl 

2     5 REP« 
2*3 

CMPds 

2*4 

CPYd 2     3 
CMPd 

2     3 
DECd 
2     5 

CMP|d| 

2  *6 

INY  1 
1      2 

CMP» 2     2 
DEX  1 1      2 WAI  1 

1*3 

CPY  a 

3     4 

CMP  a 

3    4 

DEC  a 

3     6 
CMPal 4*5 

BNEt 
2     2 

CMP  (d).y 

2     5 

CMPldl 

2*5 

CMPJd.s).y 

2*7 

PEIs 

2  *6 

CMP  d.x 

2     4 

DEC  d.x 2     6 

CMP  |d|  y 

2*6 
CLDi 
1      2 

CMP  a.y 

3     4 

PHX  s 
1*3 STPi 1*3 

JML(a) 

3*6 
CMP  a.x 

3     4 

DEC  a.x 

3     7 

CMPal.x 
4*5 

CPX  B 
2     2 

BEOr 
2     2 

SBC  (d.x) 

2     6 SEP. 2*3 

SBC  d.s 

2*4 

CPXd 
2     3 

SBCd 

2     3 

INCd 

2     5 

SBC|d| 

2  *6 

INX  1 1      2 

SBC« 
2     2 

NOP. 1      2 
XBA  1 

1  *3 

CPX  a 

3     4 

SBC  a 

3     4 

INC  a 

3     6 
SBCal 

4  *5 

SBC  (dly 

2     5 

SBC  (d) 

2*5 

SBC  Id.sl.y 

2  *7 

PEAS 

3*5 

SBC  d.x 
2     4 

INC  d.x 

2     6 

SBC|d|.y 

SEDi 
1     2 

SBC  ay 

3     4 

PLX  s 

1*4 

XCE  1 
1  *2 

JSR  (a.x) 

3*6 

SBC  a.x 

3     4 

INC  a.x 

3     7 

SBCal.x 4*5 

0 1 2 3 4 5 6 7 8 9 A B C D E F 

symbol 
addressing  mode 

symbol 
addressing  mode 

" inirnediale 
W 

direct  indirect  long 

A accumulalor Idl.y direct  indirect  long  indexed 
' prograin  counter  relative a 

absolute 

rl pcograin  counter  relahve  long 

ax 

absolute  indexed  (with  x) 

1 implied 

a.y 

absolute  indexed  (witl-  y) 
s black 

al 

absolute  long 

d 
direct al.x 

absolute  long  indexed 

d.x direct  indexed  (witti  x) d.s stack  relative 

dy 

direct  indexed  (with  y) 

(d.s),y 

stack  relative  indirect  irwlexed 

(d) direct  indirect (a) absolute  indirect 

(d.x) direcl  indexed  indirect 
ta.x) 

absolute  indexed  indirect (d),y 

direct  indirect  indexed 

xyc 

block  move 

Op  Code  Matrix  Legend 

INSTRUCTION 

MNEMONIC 

BASE 

NO   BYTES 

*  New  W65C8 1 6..  802  Opcodes 
•  New  W65C02  Opcodes 
Blank     NMOS  6502  Opcodes 

ADDRESSING MODE 

BASE 

NO   CYCLES 
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Table  5 Operation,  Operation  Codes,  and  Status  Register 

MNE- 
MONIC 

OPERATION 

* M 

■a 

■o 

< _ 1 

>< 

^ 
3 5 

■o 

m'
 

i rf . 

■z 

2. 

g 2 M 
M 

■6 

3k 

n 

2_ 

f 

PROCESSOR 

STATUS  CODE 

MNE- 

7    6     5     4     3     2     10 
MONIC 

N    V    M    X     D     1     Z    C 

E=    0 

1 2 3 4 5 6 7 8 9 

10 

11 

12 

13 14 

15 16 

17 18 

19 

20 

21 

22 23 24 N    V     1     B    D     1     Z    C 

E=    1 

ADC AND 
ASL 

BCC 

BCS 

A*M  »C -  A 

AA^/1  -A 

BRANCH  ir^^O 
BRANCH  IF  C  =  1 

by 

29 
6U 
2D 
OE 

6^ 

2F 
65 
25 
06 

OA 

71 

31 

77 

37 
61 

21 

75 

35 

16 

7D 

3D 
IE 

7F 
3F 

79 
39 

90 
BO 

72 
32 

67 
27 

63 
23 

73 

33 

N    V                      .     Z    C 

N     .                              Z     . 
N                                   Z    C 

ADC 
AND 

ASL 

BCC 
BCS BEQ 

BIT 

BMI BNE 
BPL 

BRANCH  IF  Z  =  I 
AAM  {NOTE  1) 

BRANCH  IF  N  ̂   > 
BRANCH  IFZ  =  0 

BRANCH  IFN  =0 

8S 

20 

24 34 30 

FO 

30 

DO 

10 
M.M.                       ■     Z 

BEQ 

BIT 

BMI 
BNE 

BPL 

BRK BRL 
SVC 
BVS 

BRANCH  ALWAYS 

BREAK  {NOTE  2) 
BRANCH  LONG  ALWAYS 

BRANCH  IFV-0 
BRANCH  IF  V  =  1 

8U 

50 

70 

82 

00 •     0     1 

•  BRA 

BRK 

*  BRL 

BVC 
BVS 

OLD 

CLI CLV 
CMP 

0-D 

0  -  1 
0- V 
A-M C9 

CD 
OF 

C5 

1B 

D8 

58 

B8 

Dl D7 CI 

D5 DD 

DF 

D9 D2 

C7 

C3 03 

.     0 

0 
0            , 

0 

N                                   Z     C 

CLC 
OLD 

CD 

CLV 

CMP 

CPX 

CPY DEC 
DEX 

X-M 
Y-M 
DECREMENT 

X-  1  -  X 

EO 
CO 

EC 
CO 
CE 

E4 

C4 

ce 

3A 

CA 

D6 

DE 

02 

0     1 

N                                   Z    C 

N                                   Z    C 
N                                   Z 
N                                   Z 

*       COP 

CPX 

CPY 

DEC 

DEX 

EOR 
INC 

INX 
INY 

AVM  -A INCREMENTS 

X*  1  -X 
Y  •  1  -  Y 

49 
4D 

EE 
4F 

45 

E6 1A 

88 

E8 
C8 

51 57 

41 55 

F6 

5D 

FE 

5F 59 52 

47 

' 

43 

53 
N                                   Z 
N                                   Z 

N                                   Z 
N                                   Z 
N                 .                 Z OEY 

EOR 

INC 

INX 

INY 

JML 

JMP JSL 

JSR LDA 

JUMP  LONG  TO  NEW  LOG 
JUMP  TO  NEW  LOG, 
JUMP  LONG  TO  SUB 
JUMP  TO  SUB 

M  -  A 

A9 

40 

20 

AD 5C 
22 

AF 

AS 

B1 B7 

A1 B5 BD 

BF 

B9 

DC 

6C 

B2 

A7 

70 

FC 

A3 B3 N                                   Z 

*       JML 

JMP 

JSL 

JSR 
LDA 

LOY 

LSR 
MVN 

MVP 

M-X M  -  Y   

0   -     (l5/7      ̂      -  C 
M  -  M"  NEGATIVE 
M  -  M  POSITIVE 

A2 
AO 

At 

AC 4E 

A6 
A4 

46 

4A 
B4 
56 

B6 
BC 
5E 

BE 

54 
44 

N                                   Z 
N                                   Z 

0                              .     Z    C 

LDX 
LDY 

LSH 

*  MVN 
*  MVP 

ORA 
PEA 

PEI 

PER 

NO  OPERATION 

AVM    -  A 
Mpc  •  1,  Mpc  *  2    ■  Ms  -  1    Ms S-2      S 

M(d),  M(a  +  1)    ■  Ms  -  1    Ms S-2       S 

Mpc  '  rl,  Mpc  •  rl  »  1     ■  Ms  ■  1    Ms S-2    ■  S 

09 

OD 

OF 

05 

tA 

17 01 

15 
ID 

IF 

19 
12 

07 

F4 

D4 

62 

03 

13 

N                                   Z 
NOP 

ORA 

*  PEA 

*  PEI 

*  PER 

PHB 
PHD 
PHK 
PHP 

DBR  -  Ms,  S  -  1    -  S 
D  -  Ms,  Ms-  1.  S-2    -  S 
PBR  -  Ms,  S  -  1   -  S 
P  -  Ms.  S  -  1    -  S 

8B 

OB 

48 

08 

PHA 

PHB 

*  PHD 

*  PHK 

PHP 

PHY PLA 

PLB 
PLD 

X  -  Ms,  S  -  1    -  S 
Y  -  Ms,  S  -  1    -  S 

S  •  1    -  S,  Ms  -  A 
S'  1    -  S,  Ms   -  DBR 
S  '2  -  S,  Ms  -  1.  Ms  -  D 

5A 

68 
AS 
2B 

N                                   Z 
N                                   Z 

N                                   Z     ■ 

•  PHX 
•  PHY 

PLA 

*  PLS 
*  PLD 

PLX 
PLY 
REP 
ROL 

S  t  1    -  S,  Ms  -  X 

5.'  1    -S.  Ms  -^ 
MAP   -P 

02 

2E 

26 

2A 

36 

3E 

i>8 

FA 
7A 

N     V    M     X     D     1     Z    C 

N                                   Z 
N                                   Z 
N     V    M    X     D     1     Z    C 

N                                   Z     C 

PLP 
PLX 
PLY 

*       HEP ROL 

Hl5/7         Ol    -   C^ 

ROR 
RTI RTL 
RTS 

SBC 

l-C    -     115/7         0  l-l 
RTRN  FROM  INT 
RTRN  FROM  SUB   LONG 
RTRN  SUBROUTINE 
A- M-C  -  A E9 

6t 

ED EF 

bb 

E5 

bA 

F1 F7 

E1 

F5 

7E 

FD 

FF 

F9 
F2 

E7 

40 

6B 
60 

E3 

F3 

N                                   Z    C 
N     V    M    X     D     1     Z    C 

N    V                             Z    C 

ROR 

RTt 

*       RTL 

RTS 

SBC 

SED 
SEI 

SEP STA 

1  -C 

1   ~  D 

MVP  -  P A-M 
E2 

8D 8F 85 

38 

F8 

78 

91 

97 

81 

95 90 9F 99 92 

87 

83 93 

1 

N     V    M    X     D     1     Z    C 

SEC 

SED 

SEI 

*       SEP 

STA 

STX 

STY STZ 
TAX 

STOP  (1    -02) 

X    -  M 
Y    -  M 

00-M 
A  -  X 

8E 
8C 
9C 

86 

84 

64 

UB 

AA 

94 
74 

96 

9E 

N                                   Z 

•  STP 

STX 
STY 

•  STZ 

TAX 

TCD TCS 
TDC 
TRB 

A  -  Y 
C  ̂   D 
c  -s 
D   -C 

1C 

14 

A8 

58 

IB 
7B 

N                                   Z 
N                                   Z 

N                                   Z 
Z 

TAY 

*  TCD *  TCS 

*  TDC 

*  TRB 

TSC 
TSX 

TXA TXS 

S    -  C 

S    -X X  -A 
X  -S 

OC 04 

38 

BA 
8A 
9A 1 

z 
N                                   Z 

N                                   Z 
N                                   Z 

■        TSB 

*       TSC 

TSX 
TXA 

TXS 

TYA 
TYX 
WAI 
WDM 

Y  -  A 
Y  -  X 
0  -RDY 

NO  OPERATION  (RESERVED) 

9B 
98 
BB 
CB 
42 

N                                   Z     . 
N                                   Z 
N                                   Z 

*  TXY 
TYA 

*  TYX 

B        WAI 

*  WDM 

XCE C   E 
hB 

FB 

N                                   Z 
E 

*  XBA *  XCE 

Notes 

1.  Bit  immediate  N  and  V  flags  not  altecled   When  M  ̂   0,  M15    ■  N  and  M14 
2.  Break  Bit  (B)  in  Status  register  indicales  hardware  or  software  break 

*  =  New  W65C816/802  Instructions 
•  =  New  W65C02  Instructions 
Blank  =  NMOS  6502 

-  Add  V  OR 

-  Sutjtracl         V-  Ex( 
A   AND 
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Table  6.  Detailed  Instruction  Operation 
ADDRESS  MODE 

1    immeaiaie  « 
iLDV  CPv  cpx  LDX  OI 
AND  EOR  ADC  BIT  lC 

CMP  SBC  RE"  SEP] 
(U  Od  CoOesj 
I?  ana  3  Dylesi 

i?and3cvclesi 

2a    ADSoiuTe  ■ 
(BITSTY  STZLDV 
CPV  CPX  STX  LDX 
OHA ANDEOH ADC 
STA.lOA  CMPSBCj 

(18  Op  Codes) 
(3  0yle5) 

2d    Absolute  (R-M-Wj  • 

(ASl  ROl  lSR  hop 
DEC  INC  TSa IRBl 

|6  Op  Codesi 
i3  byiest 

i6  and  B  cycles) 

(JMPudCp 

li  Op  Codei 
(3  Dyles) 

(3  Cycles) 

26    Absotule  (Jump  10 

CYCLE  VP.  ML.VDA.VPA  ADDRESS  BUS  DATA  BUS 

'  1111       PBR  PC  OpCodp 

2  110         1       PBR  PC-1  iOL 

.)      2a  110         1       PBR  PC-2  iDH 

PBR  PC  Qd  Code 

PBR  PC- 1  AAl 
P8RPC-2  AAH 

OBR  AA 

DBR  AA-1 

Ifom  N6502) 
.ngil 

(JSfl) 
(1  Do  Code  I 
(3  nyles) 

(6  cycles) 
(d'lfereni  ore 

*3a    Absoiui 
lORA  AND.EOR 
STA  LDA  CMP  SBC) 

(B  Op  Codesi 
(4  byles) 
(Sand  6cyclesi 

*3B     ADsolule  Long  (JUMP; 

(JMPl 
(1  Op  Code  I 
(4  byies) 

*3c    Absolule  Long  (Ju 

{JSL| 

(1  Op  Code) 
(4  fiyies) 

(7  cycles) 

IBITSTZSTVLDY 
CPV  CPX, STX, LDX 
ORA  AND  EOR  ADC 
STA  LDA  CMP  SBC) 

( 18  Op  Codes) 
(2  Oytes) 

(ASL  ROL  LSRROn 
DEC  IMCTSB  TRB) 
(6  Op  Codes] 

(2  bytesi 
(5  6,7  and  8  cycles] 

-    Accumulaio' A 

(ASL  )NC  ROL  DEC  LSR.ROR) 
(6  Op  Codes) 

(2  cycles) 

Implied  I 
(OEY   INY   INX   DEX,  NOP 
XCe.  TYA,  TAYTXA,   TXS 
TAX  TSX.TCS  TSC  TCD, 
TDC.TXVTyxCLCSEC 

CLI,SElCLV,CLD.SED] 

(25  Op  Codes) 
(I  byle) 

i2cyctesl 

(1  Op  Code) 
(1  Oyte) 

(3  Cycles) 

•  6c     WailFo:  lnier<upl 

(1  Op  Codei 
(1  bytei 

(3  cycles) 19) IRQ.NMI 

•  6d    Stop-The-CiocK 
ISTP) 
(1  Op  Code) 
(1  Dyle] 

(3  cycles) 

RES    1 
RES  0 
RES  0 

igh 

PBR  PC 

Op  Code 

PBR  PC-1 

AAL 

PBR  PC -2 
AAH 

DBR  AA 
Data  LOW 

DBR  AA-1 

Daia  Higri 

DBRAA-i 

10 

DBR  AA-) 
Daia  Higfi 

DBRAA 
Data  Low PBR  PC 

Op  Code 
PBR  PC'1 

NEWPCL 

PBR  PC -2 NEWPCH 
PBR   NEW  PC 

Opcode PBR  PC 

Op  Code 

PBR  PC-1 
NEWPCL 

PBR  PC -2 NEW  PCH 

/=aRPC-2 

10 

OS 

PCM 

OS    ) 

PCL 

PBR  NEW  PC NexOpCode 
PBR  PC 

Op  Code 

PBR.PC-I 

AAL 

PBR  PC -2 
AAH 

PBR  PC -3 

AA8 

AABAA Daia  Low 

AAB,AA-l 

Data  High 

PBR  PC 

Op  Code 

PBR.PC-1 

NEW  PCL 

PBR  PC -2 
NEW  PCH 

PBR  PC -3 
NEW  BR 

NEW  PBR  PC 

Op  Code 
PBR  PC 

Op  Code 
PBR  PC-1 

NEW  PCL 

PBR.PC-2 
NEW  PCH 

0,S 

PBR 

OS 

ID 

PBR  PC-3 
NEW  PBR 

OS    ) 
PCH 

O.S-2 

PCL 

NEW  PBR  PC Next  Op  Code 

PBR.PC 

Op  Code 

PBR  PC-1 

DO 

PBR  PC-1 

10 

OD'DO Daia  Lo« 

OD-DO-1 

Dala  High 

PBR  PC 

PBR, PC-1 PBR,PC'1 
0,D'DO 

0,D-DO-1 
0,D-DO-i 
0,0-DO-l OD-DO 

PBR  PC 

PBRPC-l 

PBR  PC-) 

ADDRESS  MODE 

Direci  Indued  indexed 

lORA  AND  EOR  ADC 
STA,LDACMPSBC) 

(8  Op  Codesi 
(2  byles) (b6  7  and  e  cycles) 

8  Diiecl  indirecl 
InOe.eO  Long  [(l).y 

lORA,ANDEOR  ADC 
STA  LDA  CWPSBC) 

(8  Op  Codes  ] 

(2  byles) (6  7  ana  a  Cycles) 

9  Oifecl  Indened  Indirecl  (d,i 
(ORA AND EOR ADC 
STA  LDA, CMP  SBC) 

(8  Op  Codes) 

(6  7  and  8  cycles) 

10a    Direct  Xd.Ji 

(BIT  ST2  STV  lDY 
ORA  AND  EOR  ADC 
5TALDA,CMPSBC| 

( 1 1  Op  Codes) 

(4  5  and  6  cycles) 

10D    Direcl  X(RM-W|  d,I 

(ASl.HOL  LSR  ROR 
DEC  INC) 

16  Op  Codes) 

|2  byles) 
16  7  8  and  9  cycles] 

CYCLE   VP.  ML,VDA.VPA  ADDRESS  BUS 

1         1  PBR.PC 

3         1  PBR, PC-1 

)        0  PBR  PC-1 
1       0  O.D-OO 

I        0  0,D-DO-i 
3        0  DBR  AAH  A 

I        0  DBRAA-Y 

[        0  DBRAA-y- I         )  PBR, PC 

)         1  PBR.PC'1 

)        0  PBR.PC- 1 
0  OD-DO 

0  OD-DD-I 

0  0,D-DO-2 

0  AABAA-y 

Difeci, 

|STX,L0XI 

(2  Op  Codi (2  byles) 

(4,5  3. 

«.¥ 

cycle 
12a    Absolute  X  u.» 

(BIT  LOYSTZ ORA  AND.EOR, AOC 
STA,LDA,CMP,SBC) 

(11  Op  Codes) 

(3  byles) 
(4  5  and  6  cycles) 

12b    Absolule  X^R-M-W)  ■.> 
(ASL, ROL  LSR, ROR, DEC  INC] 

(6  Op  Codes] 
1 3  bytes] 

*13  Absolute  LongX  ■l.x 

(ORA  AND  EOR  ADC 
STA  LDA.CMPSBC) 

(8  Op  Codes) 

(5  and  6  cycles) 

(LDX  ORA, AND.EOR, ADC, 
STA  lDACMPSBC) 

(9  Op  Codes) 

(4,5  and  6  cycles) 

15    Reiaiive  F 
(BPl  BMIBVC.DVSBCC, 
BCS.BNE.BEQBRA) 

1 9  Op  Codes) 
(2  byles) 
|2  3and  4  cycles) 

*16    Relative  Long  ri 
(BRL) 

( 1  Op  Code) 

(3  bytes) 

(4  cycles) 
1 7a    Absolule  Indirect  (■) 

IJMP] 

( 1  Op  Code) 
(3  bytes) 
(5  cycles) 

PBR  PC 

PBR, PC- 1 

PBRPC-l 

Op  Code             1 
10                        1 
10                        I 

(1  Op  Code) (3  bytes] 

(6  cycles) 

PBR, PC-1 

)RQ(BRK)            1 
PBR.PC 

PBRPC-l 

PBR.PC- 1 
PBR.PC-1 

Op  Code              1 
10                          1 

10                           1 

RESlBRK)           1 

•  )B    Direct  indirecl  |d) 

(ORA  ANDEORADC 
STA  LDA,CMP,SBC) 

(8  Op  Codes) 

1 2  bytes) 
(5,6  and  7  cycles) PBR  PC-1 

PBR  PC-1 

RES(BRK)           1 

RESlBRK)           1 
PBRPC-l 

BEGIN                  1 

DATA  BUS 

Op  Code 

Data  High 

Op  Code 

PBR  PC 

PBR  PC-1 

PBR, PC-1 
PBR  PC-1 OD-DO-X 

O.D-DQ-X-t 
DBR.AA 

DBR, AA-1 

PBR, PC 

PBR, PC-1 PBR  PC-1 

PBR.PC-1 
OD-DO-X OD'DO-X-1 PBR.PC 

PBR.PC- 1 

PBR.PC- 1 

PBR  PC'l OD-DO'X 

OD-DO-X-1 
0  D-DO-X-1 

O.D-DO-X-1 O.D-DO-X 
PBR, PC 

PBR.PC- 1 
PBR.PC-1 

PBR.PC-1 
O.D-DO-V 
O.D-DO-Y-1 

PBR  PC 

PBR, PC-1 PBR.PC-2 

DBR  AAH  AAL- 

DBR  AA-X 

DBR  AA-X-1 PBR.PC 

PBR.PC-1 PBR.PC -2 

DBR  AAH.AAL- 

DBR.AA-X 
OBR,AA-X-l DBRAA-X-l 

DBR,AA-X-) DBR.AA-X 

PBR.PC 

PBR.PC-  1 
PBR,PC-2 
PBR. PC-3 

AAB.AA-X 

AAB, AA-X-1 

PBR, PC 

PBfl,PC-1 
PBR,PC-2 
DBR, AAH, AAL 

DBR.AA-V 
DBH.AA-V-1 

PBR.PC 

PBR.PC- 1 
PBR.PC -1 

PBR.PC-1 
PBR.PC-Otfsel 

AA8 

Data  L( 

Data  Hi 

Op  Cot 

Data  Low Data  High 

Opcode 

Data  Low 

Op  Code 

Daia  Low Data  High 

Op  Code 

Op  Code 

AAL 

AAH 

Op  Code 

AAL 

AAH 

Op  Code 

Data  High 

Op  CoQe 

Op  Code 

PBR  PC 

PBR.PC-1 PBR,PC-2 
PBR.PC-2 
PBR,  PC*  Offset 
PBR.PC 

PBR.PC-I 
PBR,PC'2 
0  AA 

0  AA-  1 

PBR, NEW  PC 

PBR, PC 

PBR, PC-  1 
PBR  PC-2 

NEW  PBR.PC PBR.PC 

PBR.PC-1 

PBR.PC-1 

OD-DO 

O.D-DO-1 
DBR  AA 

DBR  AA-1 

Op  Code 
OKset  Low 

Offset  High 

10 

Op  Code 
Op  Code 

AAL 

AAH 
NEW  PCL 

NEW  PCH 

Op  Code 

Op  Code 

AAL 

AAH 
NEWPCL 

NEW  PCH 
NEW  PBR 

Op  Code 
Op  Code 

DO 

10 

AAL 

AAH 

Data  LOW 
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Table  6.  Detailed  Instruction  Operation  (continued) 
AOOHESSMODE 

Di.ecl  moirect  Long  (d) 

lORA  ANDEOn  ADC 
STA.LDA.CMPSBCl 

(8  Op  CodBj) 
(2  t>yles) 

(67anoacycles) 

ZOa    Aosoiuie  \' 

CYCLE    VP,  ML, 

*ZOt)    Absotule  tnde»f 
(Jump  lo  Subro 
indirecli  (•,«) 

IJSfl) 
(1  Op  Code) 
(3  byles) 

SracK  iHardware 
inref'uprsi  • 

(IBQNMI  ABORT  HES) 

I*  hardware  mlerruplsi 
lObyles) 
t?  and  8  cycles) 

Stack  (Sotlwar 
interruptsi  ■ 

IBHK  COP| 
12  Op  Cooes) 
<2  Dyles) 

(7  and  8  cycles 

Inleriupi)  f 

(RTl) 
(1  Opcode) 

?id    Slack  (Reiurr 
Subroulir^ei  « 

|RTS| 
(1  Op  Code  I 

•2le  Slack  iHelurn  from 
Subroulirie  Lorigj  > 
(RTL) 

(1  Op  Code) 
( 1  Dyle) 

211    Slack  (Push)  ■ 

(PHPPHA  PHY  PHX 
PHD  PHK  PhBI 
1 7  Op  Codes) 
I '  byte) 

l3and  4cycles> 

2ig    Stack  iPuit)  ■ 
iPLP  PLA  PLV.PLX  PLD  PLS 
(Oilte.enl  inar  N6502i 

l6  Op  Codes) 
('  byio) 
(4  and  5  cycles) 

*2ih    Stac*  (Pusfi  Effective 

I '  Op  Cooel 
(Jbyies) 

IS  anO  7  cycles) 

*2ip  Slack  (Piisti  Etlective 
Absolute  Address)  i 
IPEAI 

; )  Op  Code! 
1 3  bytes) 

*2i)    Slack  (Pusn  Etiecit.e 
Program  Coufite-  Relal 
Add'essi  • 

(PER) 
|i  Op  Code] 

ODytes) 

(6cyciesi 

*22     Slack  Relative  d,a 
lORA  AND  EOR  ADL 
SfA  lDA  CMPSDC) 

(9  Op  Codes) 
l2Dytes| 

OA.VP «  ADDRESS BU PBHPC S     DATA  BUS 

Op  Cooe 

R/ 

0         1 PBRPC-t 
DO 

0        0 
PBR.PC-I 

10 

1         0 
OD-DO 

AAL 

1       0 

OO-OO-I 

AAH 1         0 

0,D-OO-2 
AAB 1       0 

AABAA 
DalaLow 

1  C 

1          0 

AAB  AA-t 

Data  High 

1  c 

1      1 

PBRPC 

Op  Code 
0         1 PBHPC-1 

AAL 

0          ) PBR,PC'2 
AAH 

0        0 
PBRPC-2 

to 

0        1 PBR  AA-X 

NEW  PCL 

0         ) PBR  AA-XM 
newpch 

1      1 
PBR   NEW  PC 

Op  Code 
1      1 

PBR  PC 

Op  Code 

0         1 
PBR  PC-i 

AAL 

1         0 
OS 

PCH 

1         0 

OS    1 

PCL 

0         ) PBRPC-2 
AAH 

0        0 
PBR  PC -2 

lO 

0        1 PBR  A  A.  X 

NEW  PCL 

0        1 
PBRAA-X-l 

NEW  PCM 

1      1 
PBR  NEW  PC Ne»i  Op  Code 

1      ) 
PBR, PC 

(O 

0        0 
PBRPC 

lO 

0 QS 

PBR 

0 

0 

OS    1 

PCH 

0 

0 OS  2 

PCL 

0 

0 OS  3 P 0 

0 OVA 

AAVL 

0 

0  VA-l 

AAVH 
1 OAAV NemOpCoOe 

1 

PBRPC 

Op  Code 
3         ) PBR  PC -1 

Signaliyre 
0 OS 

PBR 

0 

0 

OS   •, 

PCH 

0 

OS  2 
PCL 

0 

0 OS  3      (COPl 
icnesi     P 

0 

AAVL 

AAVH 

Ne-lOpCode 

Op  Code 

lO 

OS'2 

PCL 

OS'3 

PCH 

OS-4 

PBR 

PBRPC Ne*OoC 

PBRPC 

Op  Code 

PBR  PC-1 

lO 

PBR  PC'I 

10 

OSM 

PCL 

OS-2 

PCH 

OS-2 

lO 

PBR  PC 

Opcode 
PBRPC 

Op  Code 
PBR  PC-1 

lO 

PBR  PC-1 

lO 

OS-i 

NEW  PCL 

OS-2 
NEW  PCH 

OS'3 NEW  PBR NEW  PBR  PC 

Ne.tOpC 
PBR  PC 

Op  Code 
PBflPC-1 

10 

PBR  PC 
OpC 

PBRPC  ■! 

to 

PBHPC-1 

10 

OS'l 

Reg 

OS-2 

Rpg 

PBR  PC 

PBfl  PC-' 

PBR  PC-  1 OD-DO 

OD-DO-1 

PBR  PC 

PBR  PC-1 PBR  PC-2 

PBR  PC 

PBR  PC-1 PBR  PC-2 
PBR  PC-2 

PBRPC 

Op  Cod 

PBR  PC-1 
SO 

PBR  PC-1 

lO 

O.S-SO 

Data  Lo 

OS'SO-i 

Data  Hig 

ADDRESS  MODE 

*23   Slack  Relative  Indirect 
indeed  (d,i|.y 

(ORA  AND  EOR  ADC 
STA  LDA  CMPSDC) 

IB  Op  Codes) 

|2  Dyles) (7  and  8  Cycles) 

*24a    Block  Move  Positive Uorward)  «yc 

iMVPl 

1 1  Op  Code) 

|3  byies) 

[-  Desi  Sian 
|— I— Source  Slail 

Block  Move 

Neg 

(backward! 
«yc (MVN) 

1 1  Op  Code 
(3  bytes) 

i Dest  End Source  St 

Dest  Star 

CYCLE    VP 
ML.  VDA.VPA  ADDRESS  BUS    DATA  BUS       B/V 

T          1          1 

PBR  PC 

Op  Code             1 1         0        1 

PBR, PC-1 

so                 1 1         0        0 

PBR-PC-1 
10                           1 

1          1         0 
OS-SO 

AAL                          1 1        1       0 

OS-SO-1 
AAH                          1 

1        0        0 

0,5'SO-1 

10                              1 I         1        0 

DBR.AA-V 

Oala  LO*             1 

;"a           1 

1         1         0 

DBR  AA-Y-i 

Dala  Higfi         i 
1      1      1 

PBRPC 

Op  Code             1 1       0        I 

PBR  PC-1 

DBA                      1 
'         0          1 

PBR  PC-2 SBA                       1 1         1         0 

SBAX 

Source  Dala       i 
1          1          0 

DBAY 
Dest  Data          0 1        0        0 

DBAY 

lO                           1 1        0        0 

DBA.y 
lO                           1 

~1            1 

1       1        1 
PBR  PC 

Opcode              1 1         0        1 

PBRPC-) 
DBA                      1 

1        0         1 PBR. PC-2 SBA                       t 1         t        0 

3BA.X    1 

Source  Data        1 
1         1         0 

DBA  VI 

Dest    Data           0 

1         0        0 

OBAV   1 

lO                           1 

_'          I 

'        0        0 
DBAY    1 10                           I 

"1          1 

1      1      1 

PBRPC 

Op  Code              t 1        0         ) 

PBR  PC-1 

DBA                      1 
'        0         1 

PBRPC-2 
SBA                       1 1         1         0 SBA  X  2 

Source  Dala        1 1         1         0 

DBA  ¥-2 

Dest   Oala           0 

1         0        0 DBA  y   2 10                           1 

' 
1         0        0 

DBA  ¥   2 
10                           1 

1     1     1 PBRPC-3 Ne«iOpCode    1 

-,        , 

1      ,      , 

PBR  PC 

Op  Code             1 '        0         1 
PBR, PC-1 DBA                    1 

t        0         1 
PBR  PC-2 SBA                       1 

1           1          0 

SBAX 

Source  Data         1 
1         1        0 

DBAY 
Desi   Dala          0 t        0        0 

DBAY 

10                           t 1        0        0 
DBAY lO                           1 

"1          , 

t     1     1 

PBR  PC 

Op  Code              1 

PBR  PC-1 

DBA                      1 1         0         1 

PBR  PC-2 SBA                       1 1      1      a 

saA,x-i 

Source  Dala       1 

1         1        0 

DBA  ¥-1 

Dest   Daia           0 

1        0        0 

DBA  Y.I 

10                           1 
1 

1        0        0 

DBA,V-l 

10                           1 

n          1 

t      1      1 PBRPC 

Op  Code             1 
1       0       1 

PBR  PC-1 

DBA                    ) 1         0          1 

PBR  PC-2 

SBA                    1 1         1        0 

SBAX-2 

Source  Data        i 1          1         0 

DBA, ¥'2 

Desi   Data          0 
1        0        0 

DBA¥-? 

10                        1 
T           0          0 

DBAY-2 
10                        1 

_'          1 
1      1      1 PBRPC- 3 Next  Op  Code    I 

1 1 1  Add  1  Dyte  (for  immediate  only)  lof  M  0  oi  X  0  (i  e   16  bit  dal 

(2i   Add  t  cycle  for  direct  register  low  (DL)  not  equal  0 

(3i   Speciaicaseloiaborlinginstruction  Thisisthelasl  cycle  wh 
PBR  01  DBR  registers  *ill  oe  updated 

I-))    Add  1  cyc)e  (or  indexing  across  page  boundaries,  or  wine,  c 
emulation  mode,  Ihis  cyde  conlams  invalid  addresses 

I   add  1  cycle  for  M  0  or  X   0 

n  may  oe  aborted  or  the  Siaiu 

c^cie 
i6i  Add 
1 71  Subi 

brancri  is  taken  aci 

:le  for  6502  emulate 

IBI    Add   1  cycle  lor  REPSEP 

i9i    Wail  al  cycle  2  lor  2  cycles  after  S 

(10)  R/W  remains  rttghdu'ing  Reset 

ss  page  boi 

*AVH 
AOsolule  AdOre ss  Vec 

AAVL Absoiule  Addre 

C Accumulator 
0 Direct  Reg.sler 

DBA 

Destination  Ban 

k  Aadr 

DBR 

Data  Bank  Heg- 

le' 

DO 
Direct  Oitsei 

ION 

Immediate  Dala 
High 

IDL 

Immediate  Data  Low 

10 

fntemai  Operali 

an 

P Status  Register 

PBR 

Program  Bank  Regisle 

SO  stack  O'fset 

Ne*  w65Cai6  802  Addressing  M 
Ne*  W6bCa^  Addressing  Modes 

NMOS  6502  Addressing  Modes 
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Recommended  W65C816  and  W65C802  Assembler 

Syntax  Standards 
Directives 

Assembler  directives  are  those  parts  of  the  assembly  language  source 

program  which  give  directions  to  the  assembler;  this  includes  the  defini- 
tion of  data  area  and  constants  within  a  program.  This  standard  excludes 

any  definitions  of  assembler  directives. 

Comments 
An  assembler  should  providea  way  to  use  any  line  of  the  source  program 
as  a  comment.  The  recommended  way  of  doing  this  is  to  treat  any  blank 

line,  orany  line  that  starts  with  a  semi-colon  or  an  asterisk  as  a  comment. 
Other  special  characters  may  be  used  as  well 

The  Source  Line 

Any  line  which  causes  the  generation  of  a  single  W65C816  or  W65C802 
machine  language  instruction  should  be  divided  into  four  fields  a  label 
field,  the  operation  code,  the  operand,  and  the  comment  field 

The  Label  Field— The  label  field  begins  in  column  one  of  the  line  A  label 
must  start  with  an  alphabetic  character,  and  may  be  followed  by  zero  or 
more  alphanumeric  characters  An  assembler  may  define  an  upper  limit 
on  the  number  of  characters  that  can  be  in  a  label,  so  long  as  that  upper 
limit  IS  greater  than  or  equal  to  six  characters  An  assembler  may  limit 

the  alphabetic  characters  to  upper-case  characters  if  desired  If  lower- 
case characters  are  allowed,  they  should  be  treated  as  identical  to  their 

upper-case  equivalents  Other  characters  may  be  allowed  in  the  label,  so 
long  as  their  use  does  not  conflict  with  the  coding  of  operand  fields. 

The  Operation  Code  Field— The  operation  code  shall  consist  of  a  three 
character  sequence  (mnemonic)  from  Table  3.  It  shall  start  no  sooner 
than  column  2  of  the  line,  or  one  space!  after  the  label  if  a  label  is  coded. 

Many  of  the  operation  codes  in  Table  3  have  duplicate  mnemonics,  when 
two  or  more  machine  language  instructions  have  the  same  mnemonic, 
the  assembler  resolves  the  difference  based  on  the  operand. 

If  an  assembler  allows  lower-case  letters  in  labels,  it  must  also  allow 
lower-case  letters  in  the  mnemonic.  When  lower-case  letters  are  used  m 

the  mnemonic,  they  shall  be  treated  as  equivalent  to  the  upper-case 
counterpart  Thus,  the  mnemonics  LDA,  Ida,  and  Ld A  must  all  be  recog- 

nized, and  are  equivalent 

In  addition  to  the  mnemonics  shown  in  Table  3,  an  assembler  may  pro- 
vide the  alternate  mnemonics  shown  in  Table  6 

Table  7.  Alternate  Mnemonics 

Standard BCC 

BCS 

CMP  A 
DEC  A 

INC  A 
JSL 
JML 
TCD TCS 
TDC 
TSC 

XBA 

Alias 
BLT 
BGE 

CMA DBA 

INA 
JSR 
JMP TAD 
TAS 
TDA 
TSA 

SWA 

JSL  should  be  recognized  as  equivalent  to  JSR  when  it  is  specified  with  a 
long  absolute  address  JML  is  equivalent  to  JMP  with  long  addressing 
forced. 

The  Operand  Field— The  operand  field  may  start  no  sooner  than  one 
space  after  the  operation  code  field.  The  assembler  must  be  capable  of 
at  least  twenty-four  bit  address  calculations.  The  assembler  should  be 

capable  of  specifying  addresses  as  labels,  mteger  constants,  and  hexa- 
decimal constants.  The  assembler  must  allow  addition  and  subtraction 

in  the  operand  field  Labels  shall  be  recognized  by  the  fact  that  they  start 

alphabetic  characters.  Decimal  numbers  shall  be  recognized  as  contain- 
ing only  the  decimal  digits  0  9.  Hexadecimal  constants  shall  be  recog- 

nized by  prefixing  the  constant  with  a  '$"  character,  followed  by  zero  or 
more  of  either  the  decimal  digits  or  the  hexadecimal  digits  "A"  "F".  If 
lower-case  letters  are  allowed  m  the  label  field,  then  they  shall  also  be 
allowed  as  hexadecimal  digits. 

All  constants,  no  matter  what  their  format,  shall  provide  at  least  enough 

precision  to  specify  all  values  that  can  be  represented  by  a  twenty-four 

bit  signed  or  unsigned  integer  represented  in  two's  complement  notation. 

Table  8  shows  the  operand  formats  which  shall  be  recognized  by  the 
assembler  The  symbol  d  is  a  label  or  value  which  the  assembler  can 
recognize  as  being  less  than  $100,  The  symbol  a  isalabelor  value  which 
the  assembler  can  recognize  as  greater  the  $FF  but  less  than  $10000;  the 
symbol  al  is  a  label  or  value  that  the  assembler  can  recognize  as  being 
greater  than  $FFFF  The  symbol  EXT  is  a  label  which  cannot  be  located 

by  the  assembler  at  the  time  the  instruction  is  assembled.  Unless  in- 
structed otherwise,  an  assembler  shall  assume  that  EXT  labels  are  two 

bytes  long.  The  symbols  r  and  rl  are  8  and  16  bit  signed  displacements 
calculated  by  the  assembler. 

Note  that  the  operand  does  not  determine  whether  or  not  immediate 
addressing  loads  one  or  two  bytes;  this  is  determined  by  the  setting  of 
the  status  register  This  forces  the  requirement  for  a  directive  or  directives 

that  tell  the  assembler  to  generate  one  or  two  bytes  of  space  for  imme- 
diate loads.  The  directives  provided  shall  allow  separate  settings  for  the 

accumulator  and  index  registers. 

The  assembler  shall  use  the  • : ,  ■,  and  '^  characters  after  the  #  character 
in  immediate  address  to  specify  which  byte  or  bytes  will  be  selected  from 

the  value  of  the  operand  Any  calculations  in  the  operand  must  be  per- 
formed before  the  byte  selection  takes  place.  Table  7  defines  the  action 

taken  by  each  operand  by  showing  the  effect  of  the  operator  on  an  ad- 
dress The  column  that  shows  a  two  byte  immediate  value  show  the  bytes 

in  the  order  in  which  they  appear  in  memory.  The  coding  of  the  operand 
IS  for  an  assembler  which  uses  32  bit  address  calculations,  showing  the 
way  that  the  address  should  be  reduced  to  a  24  bit  value. 

Table  6.  Byte  Selection  Operator 

Operand 
One  Byte  Result Two  Byte  Result 

ItSO  1020304 

04 

04         03 

«    $01020304 04 04         03 
It    $01020304 03 03         02 
»  "'$01020304 

02 02         01 

In  any  location  in  an  operand  where  an  address,  or  expression  resulting  in 

an  address,  can  be  coded,  the  assembler  shall  recognize  the  prefix  char- 
acters .i,  and  ',  which  force  one  byte  (direct  page),  two  byte  (absolute) 

or  three  byte  (long  absolute)  addressing.  In  cases  where  the  addressing 
mode  IS  not  forced,  the  assembler  shall  assume  that  the  address  is  two 

bytes  unless  the  assembler  is  ableto  determine  thetypeof  addressing  re- 
quired by  context,  m  which  case  that  addressing  mode  will  be  used.  Ad- 

dresses shall  be  truncated  without  error  if  an  addressing  mode  is  forced 

which  does  not  require  the  entire  value  of  the  address.  For  example, 

LDA     $0203  LDA     |$0102Q3 

are  completely  equivalent.  If  the  addressing  mode  is  not  forced,  and  the 
type  of  addressing  cannot  be  determined  from  context,  the  assembler 
shall  assume  that  a  two  byte  address  is  to  be  used.  If  an  instruction  does 
not  have  a  short  addressing  mode  (as  in  LDA,  which  has  no  direct  page 
indexed  by  Y)  and  a  short  address  is  used  m  the  operand,  the  assembler 
shall  automatically  extend  the  address  by  padding  the  most  significant 
bytes  with  zeroes  in  order  to  extend  the  address  to  the  length  needed.  As 
with  immediate  addressing,  any  expression  evaluation  shall  take  place 
before  the  address  is  selected;  thus,  the  address  selection  character  is 

only  used  once,  before  the  address  of  expression. 

The  !  (exclamation  point)  character  should  be  supported  as  an  alternative 
to  the  I  (vertical  bar). 

Along  indirect  address  IS  indicated  in  the  operand  field  of  an  instruction 
by  surrounding  the  direct  page  address  where  the  indirect  address  is 

found  by  square  brackets;  direct  page  addresses  which  contain  sixteen- 
bit  addresses  are  indicated  by  being  surrounded  by  parentheses. 

The  operands  of  a  block  move  instruction  are  specified  as  source  bank, 
destination  bank— the  opposite  order  of  the  object  bytes  generated. 

Comment  Field— The  comment  field  may  start  no  sooner  than  one  space 
after  the  operation  code  field  or  operand  field  depending  on  instruction 

type 
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Table  9.  Address  Mode  Formats 

Addressing  Mode 
Immediate 

Absolute  Long 

lid Ha 

Hal 

KEXT 
«■  .d 

ll-,a 

ll-,al 

II  .EXT 
«   a 
«    a 

»    al 
II    EXT WAd 

KAa 
#nal 

KAEXT 

Id 

'al 

lEXT 

EXT 

■d 

al 
Direct  Page d 

d 

.a -al 

EXT 

Accumulator A 

Implied  Addressing (no  operand) 
Direct  Indirect 

(d),y 

Indexed (  -d).y (■.a).y 

(    al).y 
(  -EXT),y 

Direct  indirect Idl.y 
Indexed  Long 1    dl.y 

1  ̂al.y 
1  .all.y 

1    EXTI.y 

Direct  Indexed (d,x) 
Indirect (  'd,x) 

(  -a.x) 
(    alx) 

(    EXT.x) 
Direct  Indexed  by  X 

d.x d.x .a.x 
■,al,x 

.EXT.x 

Direct  Indexed  by  Y 

d.y 

■^d.y 

~a.y 

.al.y 

.EXT.y 

Absolute  Indexed  by  X d.x 

'd.x 

a.x 
la.x 

'al.x 

'EXT.x 

EXT.x 

Addressing  Mode Format 

Absolute  Indexed  by  Y 

'd.y 

d.y 

a.y 

'a.y 

'al.y 

'EXT.y 

EXT.y 

Absolute  Long  Indexed 

■d.x 

by  X 

■a.x 

al.x 

al.x 

EXT.x 
Program  Counter d (trie  assembler  calculates 

Relative  and a 

r  and  rt) 

Program  Counter al Relative  Long 
EXT 

Absolute  Indirect (d) 

Cd) 

(a) 

I'a) 

('all 

(EXT) 
Direct  Indirect (d) (  -a) 

(    al) 
(    EXT) Direct  Indirect  Long 
|d| 
1    a| 

1    all 
1  -EXT] 

Absolute  Indexed 

(d.x) Cd.x) 
(a.x) 

(•a.x) 

Cal.x) 
(EXT.x) 
('EXT.x) 

Stack  Addressing 
(no  operand) 

Stack  Relative 
(d,s).y 

Indirect  Indexed 
(    d.s).y 
(    a.s).y 
(  -al.s).y 

(    EXT.s).y 

Block  Move d.d 

d.a 
d.al 
d.EXT 
a.d 
a, a 

a.al 

a, EXT 
al.d 
al.a 

al.al 
aI.EXT 
EXT.d 

EXT.a 

EXT.al 
EXT.EXT 

Note:  The  alternate  !  (exclamation  point)  is  used  in  place  ot  the  |  (vertical  bar). 
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Table  10.  Addressing  Mode  Summary 

Instruction  Times 
In  Memory  Cycles 

Memory  Utilization 
In  Number  of  Program 

Sequence  Bytes 

Address  Mode Original SBItNMOS 
6S02 

New 

W6SCS16 
Original SBItNMOS 

6502 

New 

W65CS16 

1.  tmmediate 

2.  Absolute 

3.  Absolute  Long 
4.  Direct 

2 

4(5) 

3(5) 

2(3) 

4(35) 

5(31 

3(34.5) 

2 

3 

2 

2(3) 

3 

4 

2 

5.  Accumulator 

6.  Implied 
7.  Direct  Indirect  Indexed  (d),y 

8    Direct  Indirect  Indexed  Long  [d],  y 

2 

2 

5('l 

2 

2 

5(1.3  4) 

6(34) 

1 

1 

2 

1 

1 

2 

2 

9,  Direct  Indexed  Indirect  {d,x) 

10,  Direct,  X 

11,  Direct,  Y 

12,  Absolute,  X 

6 

4(51 

4 

4(1  5) 6(3.4) 

4(345) 

4(34) 4(1  3,5) 

2 

2 

2 

3 

2 

2 

2 

3 

13-  Absolute  Long,  X 

14.  Absolute,  Y 

15.  Relative 

16.  Relative  Long 

4(1) 2(1  Z) 

5(31 

4(1.31 

2(2) 

3(2) 

3 

2 

4 

3 

2 

3 

17.  Absolute  Indirect  (Jump) 

18.  Direct  Indirect 

19.  Direct  Indirect  Long 

20.  Absolute  Indexed  Indirect  (Jump) 

5 5 

5I31) 

6 

3 3 

2 

2 

3 

21.  Stack 

22.  Stack  Relative 

23.  Stack  Relative  Indirect  Indexed 

1  24-  Block  Move  X,  Y,  C  (Source,  Destination.  Block  Length) 

3-7 

3-8 

4(3) 

7(3) 

7 

1-3 1-4 
2 

2 

3 

1 .  Page  boundary,  add  1  cycle  if  page  boundary  is  crossed  when  forming  address. 
2.  Branch  taken,  add  1  cycle  if  branch  is  taken 
3.  M  =  0  or  X  =  0.  16  bit  operation,  add  1  cycle,  add  1  byte  for  immediate 
4.  Direct  register  low  (DL)  not  equal  zero,  add  1  cycle 

5.  Read-lVlodify-Whte.  add  2  cycles  for  M  =  1 ,  add  3  cycles  for  fyl  =  0. 
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Caveats  and  Application  Intormatlon 
Stack  Addressing 

When  in  the  Native  mode,  the  Stack  may  use  memory  locations  000000 
to  OOFFFFF,  The  effective  address  of  Stack,  Stack  Relative,  and  Stack 

Flelative  Indirect  Indexed  addressing  modes  will  always  be  within  this 
range.  In  the  Emulation  mode,  the  Stack  address  range  is  000100  to 
0001 FF,  The  following  opcodes  and  addressing  modes  will  increment  or 
decrement  beyond  this  range  when  accessing  two  or  three  bytes, 

JSL;  JSR(a,x),  PEA:  PEI,  PER;  PHD:  PLD:  RTL.  d,s:  (d.s),y 

Direct  Addressing 

The  Direct  Addressing  modes  are  often  used  to  access  memory  registers 
and  pointers.  The  effective  address  generated  by  Direct,  Direct, X  and 
Direct. Y  addressing  modes  will  always  be  in  the  Native  mode  range 
000000  to  OOFFFF  When  in  the  Emulation  mode,  the  direct  addressing 
range  is 000000  to  OOOOFF,  except  for  [Direct]  and  [Direct], Y  addressing 
modes  and  the  PEI  instruction  which  will  increment  from  GOOOFE  or 
OOOOFF  into  the  Stack  area 

When  in  the  Emulation  mode  and  DH  is  not  equal  to  zero,  the  direct 
addressing  range  IS  OODHOO  to  OODHFF,  except  for  [Direct]  and  [Direct], Y 
addressing  modes  and  the  PEI  instruction  which  will  increment  from 
OODHFE  or  OODHFF  into  the  next  higher  page 

When  in  the  Emulation  mode  and  DL  in  not  equal  to  zero,  the  direct 
addressing  range  is  000000  to  OOFFFF 

Absolute  Indexed  Addressing  (W65C816  Only) 
The  Absolute  Indexed  addressing  modes  are  used  to  address  data  out- 

side the  direct  addressing  range  The  W65C02  and  W65C802  addressing 
range  is  0000  to  FFFF  Indexing  from  page  FFXX  may  result  in  a  OOYY 
data  fetch  when  using  the  W65C02  or  W65C802  In  contrast,  indexing 
from  pageZZFFXX  may  result  in  Z2»1,00YY  when  using  the  W65C816 

Future  Microprocessors  (i.e.,  W65C832) 

Future  WDC  microprocessors  will  support  all  current  W65C816  operat- 
ing modes  for  both  index  and  offset  address  generation 

ABORT  Input  (W65C816  Only) 

ABORT  should  be  held  low  for  a  period  not  to  exceed  one  cycle  Also,  if 
ABORT  IS  held  low  during  the  Abort  Interrupt  sequence,  the  Abort  Inter- 

rupt wm_be_aborted  It  IS  not  recommended  to  abort  the  Abort  Interrupt 
The  ABORT  internal  latch  is  cleared  during  the  second  cycle  of  the  Abort 
Interrupt  Asserting  the  ABORT  input  after  the  following  instruction 
cycles  will  cause  registers  to  be  modified    
•  Read-Modity-Wrile:  Processor  status  modified  if  ABORT  is  asserted 

after  a  modify  cycle 

•  RTI:  Processor  status  will  be  modified  if  ABORT  is  asserted  after 
cycle  3            

•  IRQ,  NMI,  ABORT  BRK,  COP:  When  ABORT  IS  asserted  alter  cycle  2, 
PBR  and  DBR  will  become  GO  (Emulation  mode)  or  PBR  will  become 
00  (Native  mode) 

The  Abort  Interrupt  has  been  designed  for  virtual  memory  systems  For 

this  reason,  asynchronous  ABORT'S  may  cause  undesirable  results  due to  the  above  conditions 

VDA  and  VPA  Valid  Memory  Address  Output  Signals  (W65C816 
Only) 

When  VDA  or  VPA  are  high  and  during  all  write  cycles,  the  Address  Bus 

IS  always  valid  VDA  and  VPA  should  be  used  to  qualify  all  memory  cycles 
Note  that  when  VDA  and  VPA  are  both  low,  invalid  addresses  may  be 
generated  The  Page  and  Bank  addresses  could  also  be  invalid  This  will 

be  due  to  low  byte  addition  only  The  cycle  when  only  low  byte  addition 
occurs  IS  an  optional  cycle  for  instructions  which  read  memory  when  the 
Index  Register  consists  of  8  bits.  This  optional  cycle  becomes  a  standard 
cycle  for  the  Store  instruction,  all  instructions  using  the  16-bit  Index 
Register  mode,  and  the  Read-Modify-Write  instruction  when  using  8-  or 
16-bit  Index  Register  modes 

Apple  II,  lie,  lie  and  11+  Disk  Systems  (W65C816  Only) 
VDA  and  VPA  should  not  be  used  to  qualify  addresses  during  disk  opera- 

tion on  Apple  systems.  Consult  your  Apple  representative  for  hardware/ 
software  configurations 

DB/BA  Operation  when  ROY  is  Pulled  Low  (W65C816  Only) 
When  ROY  is  low,  the  Data  Bus  is  held  in  the  data  transfer  state  (i,e  ,  <p2 
high)  The  Bank  address  external  transparent  latch  should  be  latched 
when  the  02  clock  or  RDY  is  low 

M/X  Output  (W65C816  Only) 

The  M/X  output  reflects  the  value  of  the  M  and  X  bits  of  the  processor 
Status  Register  The  REP,  SEP  and  PLP  instructions  may  change  the 
state  of  the  M  and  X  bits.  Note  that  the  M/X  output  is  invalid  during  the 
instruction  cycle  following  REP,  SEP  and  PLP  instruction  execution. 
This  cycle  is  used  as  the  opcode  fetch  cycle  of  the  next  instruction. 

All  Opcodes  Function  in  All  Modes  ot  Operation 
It  should  be  noted  that  all  opcodes  function  in  all  modes  of  operation. 
However,  some  instructions  and  addressing  modes  are  intended  for 
W65C816  24-bil  addressing  and  are  therefore  less  useful  for  the  W65C802, 
The  following  is  a  list  of  instructions  and  addressing  modes  which  are 
primarily  intended  for  W65C816  use 

JSL,  RTL,  ]d],  [d],y,  JMP  al:  JML:  al:  al,x 

The  following  instructions  may  be  used  with  the  W65C802  even  though 
a  Bank  Address  is  not  multiplexed  on  the  Data  Bus, 

PHK:  PHB,  PLB 

The  following  instructions  have  "limited"  use  in  the  Emulation  mode 

•  The  REP  and  SEP  instructions  cannot  modify  the  fvl  and  X  bits  when  in 
the  Emulation  mode  In  this  mode  the  M  and  X  bits  will  always  be  high 
(logic  1) 

•  When  in  the  Emulation  mode,  the  MVP  and  MVN  instructions  use  the 
X  and  Y  Index  Registers  for  the  memory  address  Also,  the  MVP  and 
MVN  instructions  can  only  move  data  within  the  memory  range  0000 
(Source  Bank)  to  OOF  F  (Destination  Bank)  (or  the  W65C816.  and  0000 
to  OOFF  lor  the  W65C802 

Indirect  Jumps 

The  JMP  (a)  and  JML  (a)  instructions  use  the  direct  Bank  for  indirect 

addressing,  while  JMP  (a,x)  and  JSR  (a,x)  use  the  Program  Bank  for  in- 
direct address  tables 

Switching  Modes 

When  switching  from  the  Native  mode  to  the  Emulation  mode,  the  X  and 
M  bits  of  the  Status  Register  are  set  high  (logic  1),  the  high  byte  of  the 
Stack  IS  set  to  01 .  and  the  high  bytes  of  the  X  and  Y  Index  Registers  are 
set  to  00  To  save  previous  values,  these  bytes  must  always  be  stored 
before  changing  modes.  Note  that  the  low  byte  of  the  S.  X  and  Y  Registers 
and  the  low  and  high  byte  of  the  Accumulator  (A  and  B)  are  not  affected 
by  a  mode  change. 

How  hiardware  Interrupts,  BRK,  and  COP  Instructions  Affect 
the  Program  Bank  and  the  Data  Bank  Registers 
When  in  the  Native  mode,  the  Program  Bank  register  (PBR)  is  cleared  to 
00  when  a  hardware  interrupt,  BRK  or  COP  is  executed.  In  the  Native 
mode,  previous  PBR  contents  is  automatically  saved  on  Stack 

In  the  Emulation  mode,  the  PBR  and  DBR  registers  are  cleared  to  00  when 
a  hardware  interrupt,  BRK  or  COP  is  executed  In  this  case,  previous  con- 

tents of  the  PBR  are  not  automatically  saved. 

Note  that  a  Return  from  Interrupt  (RTI)  should  always  be  executed  from 

the  same  "mode"  which  originally  generated  the  interrupt. 

Binary  Mode 

The  Binary  mode  is  set  whenever  a  hardware  or  software  interrupt  is 
executed.  The  D  flag  within  the  Status  Register  is  cleared  to  zero 

WAI  Instruction 

The  WAI  instruction  pulls  RDY  low  and  places  the  processor  in  the  WAI 
low  power  mode,  NMI,  IRQ  or  RESET  will  terminate  the  WAI  condition 

and  transfer  control  to  the  interrupt  handler  routine.  Note  that  an  ABORT 

input  will  abort  the  WAI  instruction,  but  will  not  restart  the  processor. 
When  the  Status  Register  I  flag  is  set  (IRQ  disabled),  the  IRQ  interrupt 
will  cause  the  next  instruction  (following  the  WAI  instruction)  to  be 
executed  without  going  to  the  IRQ  interrupt  handler.  This  method  re- 

sults in  the  highest  speed  response  to  an  IRQ  input.  When  an  interrupt 

Chapter  10  The  65C816  Microprocessor       235 



IS  received  after  an  ABORT  which  occurs  during  the  WAI  instruction,  the 
processor  will  return  to  the  WAI  instruction.  Other  than  RES  (highest 
priority).  ABORT  is  the  next  highest  priority,  followed  by  NMI  or  IRQ 
interrupts, 

STP  Instruction 

The  STP  instruction  disables  the  02  clock  to  ail  circuitry  When  disabled, 
the02  clock  IS  held  in  the  high  slate  In  this  case,  the  Data  Bus  will  remain 
in  the  data  transfer  state  and  the  Bank  address  will  not  be  multiplexed 
onto  the  Data  Bus  Upon  executing  the  STP  instruction,  the  RES  signal  is 
the  only  input  which  can  restart  the  processor  The  processor  is  restarted 
by  enabling  the  «2  clock,  which  occurs  on  the  falling  edge  of  the  RES 
input.  Note thatihe external  oscillator  must  be  stable  and  operating  prop- 

erly before  RES  goes  high, 

COP  Signatures 

Signatures  00-7F  may  be  user  defined,  while  signatures  80-FF  are  re- 
served for  instructions  on  future  microprocessors  (i,e,.  W65C832),  Con- 

tact WDC  for  software  emulation  of  future  microprocessor  hardware 
functions, 

WDM  Opcode  Use 

TheWDf^  opcode  will  be  used  on  future  microprocessors.  For  exam  pie, 
the  new  W65C832  uses  this  opcode  to  provide  32-bit  floating-point  and 
other  32-bit  math  and  data  operations.  Note  mat  the  W65C832  will  be  a 

plug-to-plug  replacement  for  the  W65C816,  and  can  be  used  where  high- 
speed, 32-bit  math  processing  is  required  The  W65C832  will  be  available 

in  the  near  future 

RDY  Pulled  During  Write 

The  NMOS  6502  does  not  stop  during  a  write  operation  In  contrast,  both 
the  W65C02  and  the  W55C816  do  stop  during  write  operations.  The 
W65C802  stops  during  a  write  when  in  the  Native  mode,  but  does  not 
stop  when  in  the  Emulation  mode, 

WDC  Toolbox  System-Emulator 
Features 

•  Real-Time  emulation  of  the  W65C802/816  and  the  W65C02 

•  Uses  an  inexpensive  Apple  Me  Computer  as  host  (software  provided) 

•  18K  bytes  of  Emulation  RAM,  mappable  in  2K  blocks 

•  Optional  RAM  expansion  to  256K 

•  Optional  hardware  Real-Time  Trace  Board 

•  Optional  802/816  Emulation  Pod  Unit 

•  Single-Step 

•  48  bit  trace  memory  of  up  to  2048  machine  cycles 

•  Three  40-bit  breakpoint  control  registers  providing: 
—  Break  on  Address 
—Break  on  Data 

—Break  on  Control 
—  Break  on  User  Status 
—Break  on  Nth  Occurance 
—Coast  Mode 

•  Microsecond  execution  timer 

•  Also  available  in  ln-Circuit-Evalua!ion  chip  or  system  test  configuration 

Product  Overview 

The  Toolbox  System-Emulator  consists  of  a  Main  Unit  and  Interface  Card 

that  plugs  into  one  of  the  Apple  Computer's  expansion  slots  The  Main 
Unit  provides  all  necessary  logic  for  breakpointmg,  single-stepping  and 
mapping  In  this  configuration  the  user  may  perform  basic  debug  opera- 

tions or  use  the  Toolbox  in  the  Evaluation  Mode, 

With  the  optional  Real-Time  Trace  Board,  the  user  now  has  40  bits  of 
trace  memory  within  a  window  of  2048  machine  cycles  A  optional 
Emulation  RAM  Expansion  Board  is  also  available  which  increases  the 

users  emulation  RAM  by  64K  bytes  or  256K  bytes,  with  memory  configur- 
ation under  software  control. 

The  Toolbox  may  be  used  with  or  without  the  optional  Pod  Unit  With  the 
Pod  Unit,  the  user  can  plug  into  the  prototype  microprocessor  socket  for 
hardware  debug.  Since  the  Main  Unit  remains  the  same  regardless  of 
the  microprocessor  used,  the  user  does  not  have  to  learn  a  new  set  of 
Toolbox  commands  for  each  type  of  processor, 

Apple  lie  is  a  trademark  of  Apple  Computer,  Inc, 

MVN  and  MVP  Affects  on  the  Data  Bank  Register 
The  MVN  and  MVP  instructions  change  the  Data  Bank  Register  to  the 
value  of  the  second  byte  of  the  instruction  (destination  bank  address) 

Interrupt  Priorities 
The  following  interrupt  priorities  will  be  in  effect  should  more  than  one 
interrupt  occur  at  the  same  time: RES 

Highest  Priority 
ABORT 

NMI 

IRQ 

Lowest  Priority 

Transfers  from  8-Bit  to  16-Bit,  or  16-Bit  to  8-Bit  Registers 
All  transfers  from  one  register  to  another  will  result  in  a  full  16-bit  output 
from  the  source  register.  The  destination  register  stze  will  determme  thie 
number  of  bits  actually  stored  in  the  destination  register  and  the  values 
stored  in  the  processor  Status  Register.  The  following  are  always  16-bit 
transfers,  regardless  of  the  accumulator  size: 

TCS;  TSC;TCD;  TDC 

Stack  Transfers 

When  in  the  Emulation  mode,  a  01  is  forced  into  SH.  In  this  case,  the  B 
Accumulator  will  not  be  loaded  into  SH  during  a  TCS  instruction  When 
in  the  Native  mode,  the  B  Accumulator  is  transferred  to  SH  Note  that  in 

both  the  Emulation  and  Native  modes,  the  full  16  bits  of  the  Stack  Regis- 
ter are  transferred  to  the  A,  B  and  C  Accumulators,  regardless  of  the 

state  of  the  W  bit  in  the  Status  Register. 
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Packaging  Information 
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1  Power  supply  pins  not  available  on  the  40-pin  version.  These 
power  supply  pins  have  been  added  for  improved  high 
performance- 

2.  New  pins,  not  available  on  40-pin  version. 

d. 
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Ordering  Information 

Oetcrlptlon 
WC— Custom 
W— Standard 

Product  IdenlitlMllon  Number   
Pack«g«   

P— Plastic  E— Leadless  Chip  Carrier 
C— Ceramic        X— Dice 

D— Cerdip  PL-  Plastic  Chip  Carrier 
T»mp«ralure/Procestlng 

Blank— 0°C  to  70°  C 
I — 40°Cto+85°C 

M   55°Cto  +125°C 
Performance  Designator 

W     65C816     PL 

J  
 

Designators  selected  for  speed  and  power 

specifications. Blank— 2  MHz 
-4     4  MHz 

-6     6  MHz 

-8     8  MHz 

Sales  Offices: 

Technical  or  sales  assistance  may  be  requested  from: 
The  Western  Design  Center,  Inc. 
2166  East  Brown  Road 
Mesa.  Arizona  85203 

602/962-4545 
TLX  6835057 

WARNING: 

MOS  CIRCUITS  ARE  SUBJECT  TO  DAMAGE  FROM  STATIC  DISCHARGE 

Internal  sialic  discharge  circuits  are  provided  to  mmimize  pari  damage  due  lo  environmenial 

static  electrical  charge  build  ups   Industry  established  recommendations  for  handling  MOS 
CircuilS  include 

Represented 
in  your 

area  by: 

1  Ship  and  store  product  m  conductive  shipping  tubes  or  <n  conductive  foam  plasiic    Npver 

ship  or  store  produci  in  non  conductive  plastic  containers  or  non  conductive  plastic  foam 
material 

2  Handle  MOS  parts  onty  at  conductive  v^ork  stations 

3  Ground  all  assembly  and  repan  tools 

WDC  reserves  the  right  to  make  changes  at  any  time  and  without  notice 

Inlormation  contained  herein  is  provided  gratuitously  and  without  liability,  to  any  user  Reasonable  efforts  have  been  made  to  verily  the  accuracy  ol  the  information  but  no 
guarantee  whatsoever  is  given  as  to  the  accuracy  or  as  to  its  applicability  to  particular  uses  In  every  instance,  it  must  be  the  responsibility  ol  the  user  to  determine  the  suitabil- 

ity of  the  products  lor  each  application.  WDC  products  are  not  authorized  for  use  as  crilical  components  m  life  support  devices  or  systems  Nothing  contained  herein  shall  be 
construed  as  a  recommendation  to  use  any  product  in  violation  of  existing  patents  or  other  rights  of  third  parlies.  The  sale  ol  any  WDC  product  is  subject  lo  all  WDC  Terms 
and  Conditions  of  Sale  and  Sales  Policies,  copies  of  which  are  available  upon  request 

eTh«  Wealern  Design  Center.  Inc  1985  FAyfifl?RTr;e^40 

The  Western  Design  Center,  Inc.  2166  E.  Brown  Rd./Mesa,  AZ  85203  602/962-4545/TLX  6835057 
Revised  August  1986  Published  in  U.S.A.     November  1986 
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Appendix  A   Roadmap  to  the  Apple  IIGS 
Technical  Manuals 

The  Apple  IlGS  personal  computer  has  many  advanced  features,  making 

it  more  complex  than  earlier  models  of  the  Apple  II.  To  describe  it  fully, 

Apple  has  produced  a  suite  of  technical  manuals.  Depending  on  the  way 

you  intend  to  use  the  Apple  IlGS,  you  may  need  to  refer  to  a  select  few  of 
the  manuals,  or  you  may  need  to  refer  to  most  of  them. 
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The  technical  manuals  are  listed  in  Table  A-1.  Figure  A-1  is  a  diagram  showing  the 
relationships  among  the  different  manuals. 

Table  A-1 Apple  IIGS  technical  manuals 

Title Subject 

Technical  Introduction  to  the  Apple  IIGS 

Apple  IlGS  Hardware  Reference 

Apple  IlGS  Firmware  Reference 

Programmer's  Introduction 
to  the  Apple  IlGS 

Apple  IlGS  Toolbox  Reference, 
Volume  1 

Apple  IIGS  Toolbox  Reference, 
Volume  2 

Apple  IlGS  Programmer's  Workshop 
Reference 

Apple  IlGS  Programmer's  Workshop 
Assembler  Reference 

Apple  IlGS  Programmer's  Workshop 
C  Reference 

ProDOS  8  Technical  Reference  Manual 

GS/OS  Reference 

Human  Interface  Guidelines: 

The  Apple  Desktop  Interface 

Apple  Numerics  Manual 

What  the  Apple  IIGS  is 

Machine  internals — hardware 

Machine  internals — firmware 

Concepts  and  a  sample  program 

How  the  tools  work,  and  some  toolbox 

specifications 
More  toolbox  specifications 

The  development  environment 

Using  the  APW  Assembler 

Using  C  on  the  Apple  IlGS 

Standard  Apple  II  operating  system 

Apple  IlGS  operating  system  and 

System  Loader 
Guidelines  for  the  desktop  interface 

Numerics  for  all  Apple  computers 
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Figure  A-1        Roadmap  to  the  technical  manuals 
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For  descriptions  of  MPW  DGS  mantials, 
see  MPW  IIGS  Tools  Reference 
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The  introductory  manuals 

These  books  are  introductory  manuals  for  developers,  computer  enthusiasts,  and  other 
Apple  IlGS  owners  who  need  technical  information.  As  introductory  manuals,  their 

purpose  is  to  help  the  technical  reader  understand  the  features  of  the  Apple  IlGS, 

particularly  the  features  that  are  different  from  those  of  other  Apple  computers.  Having 
read  the  introductory  manuals,  you  can  refer  to  specific  reference  manuals  for  details 

about  a  particular  aspect  of  the  Apple  IlGS. 

The  technical  introduction 

The  Technical  Introduction  to  the  Apple  IlGS  is  the  first  book  in  the  suite  of  technical 

manuals  about  the  Apple  IlGS.  It  describes  all  aspects  of  the  Apple  IlGS,  including  its 

features  and  general  design,  the  program  environments,  the  toolbox,  and  the  development 
environment. 

Where  the  Apple  IlGS  Owner's  Guide  is  an  introduction  from  the  point  of  view  of  the  user, 
the  technical  introduction  manual  describes  the  Apple  IlGS  from  the  point  of  view  of  the 
program.  In  other  words,  it  describes  the  things  the  programmer  has  to  consider  while 

designing  a  program,  such  as  the  operating  features  the  program  uses  and  the  environment 
in  which  the  program  mns. 

The  programmer's  introduction 

When  you  start  writing  Apple  IlGS  programs,  the  Programmer's  Introduction  to  the 
Apple  IlGS  provides  the  concepts  and  guidelines  you  need.  It  is  not  a  complete  course  in 

programming,  only  a  starting  point  for  programmers  writing  applications  that  use  the 
Apple  desktop  interface  (with  windows,  menus,  and  the  mouse).  It  introduces  the 

routines  in  the  Apple  IlGS  Toolbox  and  the  program  environment  they  run  under.  It 

includes  a  sample  event-driven  program  that  demonstrates  how  a  program  uses  the 

toolbox  and  the  operating  system.  (An  event-driven  program  waits  in  a  loop  until  it 
detects  an  event  such  as  a  click  of  the  mouse  button.) 
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The  machine  reference  manuals 

There  are  two  reference  manuals  for  the  machine  itself:  the  Apple  IlGS  Hardware  Reference 
(this  book)  and  the  Apple  llGS  Firmware  Reference.  These  books  contain  detailed 

specifications  for  people  who  want  to  know  exactly  what's  inside  the  machine. 

The  hardware  reference  manual 

The  Apple  IlGS  Hardware  Reference  is  required  reading  for  hardware  developers,  and  it  will 
also  be  of  interest  to  anyone  else  who  wants  to  know  how  the  machine  works. 

Information  for  developers  includes  the  mechanical  and  electrical  specifications  of  all 
connectors,  both  internal  and  external.  Information  of  general  interest  includes 

descriptions  of  the  internal  hardware,  which  provide  a  better  understanding  of  the 
machine's  features. 

The  firmware  reference  manual 

The  Apple  IlGS  Firmware  Reference  describes  the  programs  and  subroutines  that  are  stored 

in  the  machine's  read-only  memory  (ROM),  with  two  significant  exceptions:  Applesoft 
BASIC  and  the  toolbox,  which  have  their  own  manuals.  The  firmware  reference  manual 

includes  information  about  interrupt  routines  and  low-level  I/O  subroutines  for  the  serial 
ports,  the  disk  port,  and  the  Apple  Desktop  Bus  interface,  which  controls  the  keyboard 
and  the  mouse.  The  manual  also  describes  the  Monitor,  a  low-level  programming  and 
debugging  aid  for  assembly-language  programs. 

The  toolbox  reference  manuals 

Like  the  Macintosh®  computer,  the  Apple  IlGS  has  a  built-in  toolbox.  The  Apple  IlGS 
Toolbox  Reference,  Volume  1,  introduces  concepts  and  terminology  and  tells  how  to  use 
some  of  the  tools.  The  Apple  IlGS  Toolbox  Reference,  Volume  2,  contains  information  about 

the  rest  of  the  tools  and  also  tells  how  to  write  and  install  your  own  tool  set. 
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Of  course,  you  don't  have  to  use  the  toolbox  at  all.  If  you  only  want  to  write  simple 

programs  that  don't  use  the  mouse,  or  windows,  or  menus,  or  other  parts  of  the  desktop 
user  interface,  then  you  can  get  along  without  the  toolbox.  However,  if  you  are 

developing  an  application  that  uses  the  desktop  interface,  or  if  you  want  to  use  the  Super 

Hi-Res  graphics  display,  you'll  find  the  toolbox  to  be  indispensable. 

In  applications  that  use  the  desktop  user  interface,  commands  appear  as  options  in  pull- 
down menus,  and  material  being  worked  on  appears  in  rectangular  areas  of  the  screen 

called  windows.  The  user  selects  commands  or  other  material  by  using  the  mouse  to  move 
a  pointer  around  on  the  screen. 

The  programmer's  workshop  reference  manual 

The  Apple  IlGS  Programmer's  Workshop  (APW)  is  the  development  environment  for 
the  Apple  IlGS  computer.  APW  is  a  set  of  programs  that  enables  developers  to  create  and 

debug  application  programs  on  the  Apple  IlGS.  The  Apple  IlGS  Programmer's  Workshop 
Reference  includes  information  about  the  APW  Shell,  Editor,  Linker,  Debugger,  and  utility 

programs;  these  are  the  parts  of  the  workshop  that  all  developers  need,  regardless  of 
which  programming  language  they  use. 

The  APW  reference  manual  describes  the  way  you  use  the  workshop  to  create  an 
application,  and  includes  examples  and  illustrations  to  show  how  this  is  done.  In  addition, 

this  manual  documents  the  APW  Shell  to  provide  the  information  necessary  to  write  an 

APW  utility  or  a  language  compiler  for  the  workshop. 

Included  in  the  APW  reference  manual  are  complete  descriptions  of  two  standard 
Apple  IlGS  file  formats:  the  text  file  format  and  the  object  module  format.  The  text  file 

format  is  used  for  all  files  written  or  read  as  "standard  ASCII  files"  by  Apple  IlGS  programs 
mnning  under  ProDOS  16.  The  object  module  format  is  used  for  the  output  of  all  APW 

compilers  and  for  all  files  loadable  by  the  Apple  IlGS  System  Loader. 
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The  programming-language  reference  manuals 

Apple  currently  provides  a  65C816  assembler  and  a  C  compiler.  Other  compilers  can  be 

used  with  the  workshop,  provided  that  they  follow  the  standards  defined  in  the  Apple  IIGS 

Programmer's  Workshop  Reference. 

There  is  a  separate  reference  manual  for  each  programming  language  on  the  Apple  IIGS. 
Each  manual  includes  the  specifications  of  the  language  and  of  the  Apple  IlGS  libraries  for 

the  language,  and  describes  how  to  use  the  assembler  or  compiler  for  that  language.  The 

manuals  for  the  languages  Apple  provides  are  the  Apple  IlGS  Programmer's  Workshop 
Assembler  Reference  and  the  Apple  IlGS  Programmer's  Workshop  C  Reference. 

The  Apple  IlGS  Programmer's  Workshop  Reference  and  the  two  programming-language 
manuals  are  available  through  the  Apple  Programmer's  and  Developer's  Association 

(APDA™). 

The  operating-system  reference  manuals 

There  are  three  operating  systems  that  run  on  the  Apple  IlGS:  GS/OS™,  ProDOS®  16,  and 
ProDOS  8.  Each  operating  system  is  described  in  its  own  manual:  the  GS/OS  Reference, 
Apple  IIGS  ProDOS  16  Reference,  or  the  ProDOS  8  Technical  Reference  Manual  GS/OS  uses 

the  full  power  of  the  Apple  IlGS  and  is  not  compatible  with  earlier  models  of  the  Apple  II. 
The  GS/OS  Reference  describes  the  features  of  GS/OS  and  also  includes  information 

agbout  the  System  Loader,  which  works  closely  with  GS/OS  to  load  programs  into 

memory.  If  you  are  writing  a  program  that  does  any  file  manipulation  or  that  writes  to  or 

reads  from  a  disk,  you  must  have  the  GS/OS  Reference.  It  is  a  rare  applications  programmer 
who  will  not  need  this  book  at  some  time;  for  system  programmers,  it  is  essential. 

GS/OS  maintains  a  complete  set  of  ProDOS  16  calls  and  implements  them  just  as  ProDOS 

16  does.  Therefore,  it  is  unlikely  that  you  will  need  to  refer  to  the  Apple  IlGS  ProDOS  16 
Reference. 

ProDOS  8,  previously  called  ProDOS,  is  the  standard  operating  system  for  most  Apple  II 

computers  with  8-bit  CPUs.  ProDOS  also  runs  on  the  Apple  IlGS,  but  it  cannot  access 
certain  advanced  Apple  IlGS  features.  You  need  the  ProDOS  8  Technical  Reference  Manual 

only  if  you  are  writing  programs  that  can  run  on  8-bit  Apple  II  computers. 

i 
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APW  and  MPW  manuals 

Apple  provides  two  development  environments  for  writing  Apple  IlGS  programs.  See 

Figure  A- 1. 

■  The  Apple  IlGS  Programmer's  Workshop  (APW):  APW  is  a  native  development 
system— it  runs  on  the  Apple  IlGS  and  produces  Apple  IlGS  code.  It  is  described  in  the 

Apple  IlGS  Programmer's  Workshop  Reference  and  related  language  books. 

■  The  Apple  IlGS  Macintosh  Programmer's  Workshop  (MPW):  MPW  is  a  cross- 
development  system— it  runs  on  the  Macintosh,  but  produces  Apple  IlGS  code.  Much 
of  MPW  IlGS  is  described  in  separate  MPW  IlGS  language  reference  manuals,  but  the 

parts  needed  for  cross-development— the  editor  and  the  build  tools— are  described  in 

the  Macintosh  Programmer's  Workshop  Reference  That  book  is  the  only  Macintosh 
manual  you  need  when  using  MPW  IlGS. 

The  all-Apple  manuals 

In  addition  to  the  Apple  IlGS  manuals  mentioned  above,  there  are  two  manuals  that  apply 

to  all  Apple  computers:  Human  Interface  Guidelines:  The  Apple  Desktop  Interface  and  Apple 

Numerics  Manual.  If  you  develop  programs  for  any  Apple  computer,  you  should  know 
about  those  manuals. 

The  Human  Interface  Guidelines  manual  describes  Apple's  standards  for  the  desktop 
interface  of  any  program  that  runs  on  an  Apple  computer.  If  you  are  writing  a  commercial 
application  for  the  Apple  IlGS,  you  should  be  fully  familiar  with  the  contents  of  this 
manual. 

The  Apple  Numerics  Manual  is  the  reference  for  the  Standard  Apple  Numeric  Environment 

(SANE®),  a  full  implementation  of  the  IEEE  Standard  for  Binary  Floating-Point  Arithmetic 
(IEEE  Std  754-1985).  The  functions  of  the  Apple  IlGS  SANE  tool  set  match  those  of  the 

Macintosh  SANE  package  and  of  the  6502  assembly-language  SANE  software.  If  your 

application  requires  accurate  or  robust  arithmetic,  you'll  probably  want  to  use  the  SANE 
routines  in  the  Apple  IlGS.  The  Apple  IlGS  Toolbox  Reference  tells  how  to  use  the  SANE 

routines  in  your  programs.  The  Apple  Numerics  Manual  \s  the  comprehensive  reference  for 
the  SANE  numerics  routines. 

246        Apple  IlGS  Hardware  Reference 



Appendix  B   International  Keyboards 

Apple  makes  different  versions  of  the  Apple  IlGS  for  different  countries. 

The  different  versions  have  different  keyboards  and  display  characters 

that  reflect  the  different  typing  conventions  of  the  different  countries. 

The  ADB  keyboard  on  the  Apple  IlGS  is  available  in  the  following 
versions; 

■  U.S.  English 

■  U.K.  English 

■  Canadian 

■  French 

■  German 

■  Italian 

■  Spanish 

■  Swedish 

The  keyboards  on  the  localized  versions  of  the  Apple  IlGS  are  all 

mechanically  the  same;  that  is,  the  shapes  and  arrangement  of  the  keys 

are  the  same — only  the  legends  are  different.  The  character  decodings 
for  the  different  versions  are  all  stored  in  the  keyboard  decoder  ROM.  In 

addition  to  the  international  character  sets  listed  above,  the  keyboard 

decoder  ROM  contains  characters  for  Danish  and  the  Dvorak  keyboard 

layouts.  Figures  B-1  through  B-8  show  the  legends  on  the  different 

keyboards. 
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Figure  B-1        U.S.  English  keyboard 
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Figure  B-2       U.K.  English  keyboard 
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Figure  B-3       Canadian  keyboard 
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Figure  B-4        French  keyboard 
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Figure  B-5        German  keyboard 
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Figure  B-6       Italian  keyboard 
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Figure  B-7       Spanish  keyboard 
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Figure  B-8        Swedish  keyboard 
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Appendix  C   The  Character  Generator 

This  appendix  describes  the  hardware  character  generator  for  the 
40-column  and  80-column  text  displays.  For  information  about  text 

fonts  in  Super  Hi-Res  graphics  displays,  refer  to  the  QuickDraw™  II 
tool  set  in  Apple  IlGS  Toolbox  Reference,  volume  1. 
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The  character  generator  ROM 

The  ROM  contains  the  clot  patterns  making  up  the  characters  in  the  40-column  and 
80-column  displays. 

U.S.  characters 

Figure  C-1  shows  the  characters  for  the  U.S.  versions  of  the  computer. 

■     Figure  C-1        U.S.  characters 

Uppercase  characters 

gABCDEFGHIJKLMNOPQRSTUVWXYZ    [\] 

Lowercase  characters 

^abcdefghijklmnopqrstuvwxyz{  |  } 

Special  characters 

!"#$%&'     ()*   +    ,-./0123456789:;<   =  > 

International  characters 

For  other  countries,  localized  versions  of  the  Apple  IlGS  substitute  appropriate  characters 
for  some  of  the  special  characters  used  in  the  text  displays.  Table  C-1  shows  those characters. 
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Table  C-1 International  characters 

Language Equivalent  characters 

U.S.  English # @ [ \ ] { 1 } 

-^ 

U.K.  English £ @ [ \ 1 { 1 } ^ 

French £ a 11 
? 

§       ~ 

e u e 
Danish # @ E 0 

A       ~ 

66 0 a 

-. 

Spanish 
£ § i N c 

11 

fi Q 
^ 

Italian £ § 
Tl 

? e      u      a 6 e i 
German # § A 0 

U       ̂ 

a o ii B 
Swedish # @ A 0 

A      - 

a o a ^ 

MouseText  characters 

The  character  ROM  includes  several  graphic  characters  used  in  displaying  the  desktop  user 

interface  in  text  mode.  Figure  C-2  shows  those  characters. 

■     Figure  C-2        MouseText  characters 
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Appendix  D   Conversion  Tables 

This  appendix  briefly  discusses  bits  and  bytes  and  what  they  can 

represent,  and  peripheral  identification  numbers.  It  also  contains 
conversion  tables  for  hexadecimal  to  decimal  and  negative  decimal, 

and  a  number  of  8-bit  codes. 

These  tables  are  intended  for  convenient  reference.  This  appendix  is 
not  intended  as  a  tutorial  for  the  materials  discussed.  The  brief  section 

introductions  are  for  orientation  only. 
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Bits  and  bytes 

This  section  discusses  the  relationships  between  bit  values  and  their  position  within  a 

byte.  Here  are  some  rules  of  thumb  regarding  the  65C816: 

A  bit  is  a  binary  digit;  it  can  be  either  a  0  or  a  1. 

A  bit  can  be  used  to  represent  any  two-way  choice.  Some  choices  that  a  bit  can 

represent  in  the  Apple  IIGS  are  listed  in  Table  D-1. 

Bits  can  also  be  combined  in  groups  of  any  size  to  represent  numbers.  Most  of  the 

commonly  used  sizes  are  multiples  of  four  bits. 

Four  bits  constitute  a  nibble  (sometimes  spelled  nybhle). 

One  nibble  can  represent  any  of  16  values.  Each  of  these  values  is  assigned  a  number 

from  0  through  9  or  a  letter  from  A  through  F. 

Eight  bits  (two  nibbles)  make  a  byte. 

One  byte  can  represent  any  of  l6  times  l6  or  256  values.  The  value  can  be  specified  by 
exactly  two  hexadecimal  digits. 

Bits  within  a  byte  are  numbered  from  bit  0  on  the  right  to  bit  7  on  the  left. 

The  bit  number  is  the  same  as  the  power  of  2  that  it  represents,  in  a  manner  completely 
analogous  to  the  digits  in  a  decimal  number. 

Each  memory  location  in  the  Apple  IlGS  contains  one  8-bit  byte  of  data. 

How  byte  values  are  interpreted  depends  on  whether  the  byte  is  an  instruction  in  a 

language,  part  or  all  of  an  address,  an  ASCII  code,  or  some  other  form  of  data. 

Tables  D-6  through  D-9  list  some  of  the  ways  bytes  are  commonly  interpreted. 

Two  bytes  make  a  word.  The  l6  bits  of  a  word  can  represent  any  one  of  256  times  256 
or  65,536  different  values. 

Three  bytes  make  an  address.  The  24  bits  of  an  address  can  represent  any  one  of 
256  times  65,536  or  16,777,216  different  values. 

The  65C816  uses  a  24-bit  address  to  identify  a  memory  location.  It  can  therefore 
distinguish  among  16,777,216  (16  MB)  locations  at  any  given  time. 

A  memory  location  is  1  byte  of  a  256-byte  page.  The  low-order  byte  of  an  address 
specifies  the  location  in  the  page.  The  middle  byte  specifies  the  memory  page  in  a 

65536-byte  (64K)  memory  bank.  The  high-order  byte  specifies  which  64K  memory 
bank  the  byte  is  in. 
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Table  D-1         What  a  bit  can  represent 

Context Representing 

0  = 

1  = 

Binary  number Place  value 0 1  X  place  power 

Logic Condition False True 

Any  switch Position Off On 

Any  switch Position 

Clear* 

Set 

Serial  transfer Beginning 
Start 

Carrier  only 

Serial  transfer Data 0  value 1  value 

Serial  transfer 

Parity 

SPACE MARK 

Serial  transfer End Stop  bit(s) 

Serial  transfer Communication  state BREAK Carrier 

Program  Status register 
bitN 

Neg.  result? 
No Yes 

Program  Status register 
bit  V Overflow? No Yes 

Program  Status register bitB 
BRK  command? 

No Yes 

Program  Status register 
bitd Decimal  mode? 

No Yes 

Program  Status register 
bit  I IRQ  interrupts Enabled Disabled 

Program  Status register 
bitZ Zero  result? 

No Yes 

Program  Status register 
bit  c Carry  required? No 

Yes 

Sometimes  ambiguously  termed  reset. 

Hexadecimal  and  decimal  numbers 

Use  Table  D-2  to  find  the  binary  equivalent  of  a  known  hexadecimal  or  decimal  number. 

Table  D-2 Binary,  hexadecimal,  and  decimal  equivalents 

Binary Hex 
Dec 

Binary 

Hex Dec 

0000 

$0 

0 
0001 

$1 

1 

0010 

$2 

2 

0011 

$3 
3 

0100 $4 4 
0101 $5 5 
Olio $6 6 
0111 

S7 
7 

1000 

$8 

8 
1001 $9 9 
1010 

$A 

10 

1011 

$B 

11 
1100 

$C 

12 
1101 

$D 

13 

1110 

$E 

14 

nil 

$F 

15 
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Use  Table  D-3  to  determine  the  decimal  weight  of  a  hexadecimal  digit  in  each  of  four 

places. 

Table  D-3         Hexadecimal  and  decimal  powers 

Digit 
$xOOO $0x00 

$00x0 $000x 

F 61,440 

3,840 

240 

15 

E 
57,344 

3,584 

224 
14 

D 
53,248 

3,328 

208 

13 

C 49,152 
3,072 

192 12 
B 45,056 

2,816 
176 11 

A 40,960 
2,560 

160 
10 

9 
36,864 2,304 

144 9 
8 

32,768 2,048 

128 
8 

7 28,672 1,792 
112 

7 
6 24,576 1,536 

96 

6 
5 20,480 

1,280 
80 5 

4 16,384 
1,024 

64 4 

3 12,288 768 

48 
3 

2 
8,192 

512 

32 

2 
1 4,096 256 16 1 

To  convert  a  hexadecimal  number  to  a  decimal  number,  find  the  decimal  numbers 

corresponding  to  the  positions  of  each  hexadecimal  digit.  Write  them  down  and  add 
them  up.  For  example: 

$3C 
$30 
$0C 

2 
48 

12 

$3C 60 

$FD47 
$F000 
$  DOO 

$  40 

$    7 

7> 

61440 

3328 

64 7 

$FD47  =  64839 

To  convert  a  decimal  number  to  hexadecimal,  subtract  from  the  decimal  number  the 

largest  decimal  entry  in  the  table  that  is  less  than  it.  Write  down  the  hexadecimal  digit 

(noting  its  place  value)  also.  Now  subtract  the  largest  decimal  number  in  the  table  that  is 
less  than  the  decimal  remainder,  and  write  down  the  next  hexadecimal  digit.  Continue 

until  you  have  0  left.  Add  up  the  hexadecimal  numbers.  For  example: 
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16215  = 

16215  - 

3927  - 

87  - 

S  ? 12288 

3840 
80 

7 

3927 

87 7 
7  =  $ 

12288 

3840 
80 

7 

$7000 
$  FOO 

$   50 

16215  =  $7F57 

Hexadecimal  and  negative-decimal  numbers 

If  a  number  is  larger  than  decimal  32,767,  Applesoft  BASIC  allows  you  to  use  the  negative- 
decimal  equivalent  of  the  number.  Table  D-4  is  set  up  to  make  it  easy  for  you  to  convert  a 

hexadecimal  number  directly  to  a  negative-decimal  number. 

Table  D-4         Hexadecimal  to  negative-decimal  conversion 

Digit $xooo 
$$0x00 $$00x0 

$$000x 

0 0 0 

-1 

E 
-4,096 

-256 

-16 

-2 

D 
-8,192 

-512 

-32 

-3 

C 
-12,288 

-768 

-48 

-4 

B 
-16,384 -1,024 

-64 

-5 

A 
-20,480 

-1,280 

-80 

-6 

9 
-24,576 

-1,536 

-96 

-7 

8 
-28,672 

-1,792 

-112 

-8 

7 
-2,048 

-128 

-9 

6 
-2,304 

-144 

-10 

5 
-2,560 

-160 

-11 

4 
-2,816 

-176 

-12 

3 
-3,072 

-192 

-13 

2 -3,328 

-208 

-14 

1 
-3,584 

-224 

-15 

0 -3,840 

-240 

-16 

To  perform  this  conversion,  write  down  the  four  decimal  numbers  corresponding  to  the 

four  hexadecimal  digits  (O's  included).  Then  add  their  values  (ignoring  their  signs  for  a 
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moment).  The  resulting  number,  with  a  minus  sign  in  front  of  it,  is  the  desired  negative- 
decimal  number.  For  example: 

$C010  = 
$C000: -12288  $  000: 3840  S   10; 

224  $ 
16 

$C010 
-16368 

To  convert  a  negative-decimal  number  directly  to  a  positive-decimal  number,  add  it 
to  65,536.  (This  addition  ends  up  looking  like  subtraction.)  For  example: 

-151  =   +    1 

65536  +    {-151: 65536 151  =  65385 

To  convert  a  negative-decimal  number  to  a  hexadecimal  number,  first  convert  it  to  a 

positive-decimal  number,  then  use  Table  D-3. 

Peripheral  identification  numbers 

Many  Apple  products  now  use  peripheral  identification  numbers  (called  PIN  numbers)  as 
shorthand  to  designate  serial  device  characteristics.  The  Apple  II  series  Universal  Utilities 

disk  presents  a  menu  from  which  to  select  the  characteristics  of,  say,  a  printer  or  modem. 

From  the  selections  made,  it  generates  a  PIN  for  the  user.  Other  products  have  a  ready- 
made  PIN  that  the  user  can  simply  type  in. 

Figure  D-1  shows  the  format  of  a  PIN  number.  Table  D-5  is  a  definition  of  the  PIN  number 
digits.  When  communication  mode  is  selected,  the  seventh  digit  is  ignored. 

I     Figure  D-1        Format  of  PIN  numbers 

Mode     XXX/        XXXX 

Data  bits/stop  bits  — ' 

Bits  per  second  — ' 

Parity  -J 
Echo/No  echo  - 

Linefeed/N(5  linefeed  — ' 

Carriage  returns  - 
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Table  D-5 Codes  for  PIN  numbers 

PIN 

number 

digit 

Mode 

Data  bits 

Stop  bits 

Bits  per 
second 

Codes 

PIN 
number 

digit 

1  =  Printer  mode 

2  =  Communication  mode* 

1  =  6  data  bits,  1  stop  bit 

2  =  6  data  bits,  2  stop  bit 

3  =  7  data  bits,  1  stop  bit 
4  =  7  data  bits,  2  stop  bits 

5  =  8  data  bits,  1  stop  bit 
6  =  8  data  bits,  2  stop  bits 

1  =  110  bits  per  second 

2  =  300  bits  per  second 

3  =  1200  bits  per  second 
4  =  2400  bits  per  second 

5  =  4800  bits  per  second 

6  =  9600  bits  per  second 
7  =  19200  bits  per  second 

Parity Codes 

Echo/ 

No  echo 

Line  feed/ 

No  Hne  feed 

Carriage 

returns 

1  =  No  parity 

2  =  Even  parity  (total  on  =  even) 

-  Odd  parity  (total  on  =  odd) 
\M^'ov  „„,;f,,  l^„^:t,. 

3  =  uaa  parity  (total  on  =  odd 
't  =  MARK  parity  (parity  bit  =  1) 

5  =  SPACE  parity  (parity  bit  =  0) 

4 

1  =  Do  not  echo  output  on  screen 
2  =  Echo  output  on  screen 

1  =  Do  not  generate  LF  after  CR 
2  =  Generate  LF  after  CR 

1  =  Do  not  generate  CR* 
2  =  Generate  CR  after  40  characters 

3  =  Generate  CR  after  72  characters 
4  =  Generate  CR  after  80  characters 

5  =  Generate  CR  after  132  characters 

'    If  you  select  communication  mode,  then  the  seventh  digit  must  be  1. 

For  example,  252/1111  means: 

2  =  Communication  mode 

5  =  8  data  bits,  1  stop  bit 

2  =  300  baud  (bits  per  second) 

1  =  No  parity 

1  =  Do  not  echo  output  to  display 

1  =  No  line  feed  after  carriage  return 

1  =  Do  not  generate  carriage  returns 
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ASCII  code  conversion 

Tables  D-6  through  D-9  show  the  first  128  ASCII  characters  ($0  through  $7F).  Note  that 
only  the  low  7  bits  of  each  character  value  are  shown.  The  next  128  ASCII  characters  ($80 

through  $FF),  not  shown  here,  are  identical  to  the  one  listed  here,  only  with  the  high  bit 
set.  Unless  otherwise  noted,  every  ASCII  character  value  above  $7F  (127  decimal) 

generates  the  same  character  as  that  value  with  the  high  bit  off.  Here  is  how  to  interpret 
these  tables: 

■  The  "Binary"  column  has  the  7-bit  code  for  each  ASCII  character. 

■  The  "ASCII  character"  column  gives  the  ASCII  character  name. 

■  The  "Interpretation"  column  spells  out  the  meaning  of  special  symbols  and 
abbreviations,  where  necessary. 

■  The  "What  to  type"  column  indicates  what  keystrokes  generate  the  ASCII  character 
(where  it  is  not  obvious). 

■  The  columns  marked  "Primary"  and  "Alternate"  indicate  what  displayed  character 
results  from  each  code  when  using  the  primary  or  alternate  display  character  set, 

respectively.  Boldface  is  used  for  inverse  characters;  italic  is  used  for  flashing 
characters. 

Note  that  the  values  $40  through  $5F  (and  $C0  through  $DF)  in  the  alternate  character 

set  are  displayed  as  MouseText  characters  (Figure  C-2)  if  the  firmware  is  set  to  do  so, 
or  if  the  firmware  is  bypassed  . 

♦  Note:  The  primary  and  alternate  displayed  character  sets  in  Tables  D-6  through  D-9  are 

the  result  of  firmware  mapping.  See  "Text  Displays,"  in  Chapter  4,  for  more  details  on 
character  sets. 
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Table  D-6 Control  characters,  high  bit  off 

ASCII Binary Dec 

0 

Hex 

$00 

character Interpretation 
Wliat  to  type 

Primary 

Alternate 

0000000 NUL Blank  (null) 
Control-® 

@ @ 

0000001 1 

$01 
SOH Start  of  Header 

Control-A 

A A 

0000010 2 

$02 
STX Start  of  Text 

Control-B 

B B 

0000011 3 $03 ETX End  of  Text 
Control-C 

C C 

0000100 4 

$04 

EOT End  of  Transm. 
Control-D 

D D 

0000101 5 $05 

ENQ 

Enquiry 

Control-E 

E E 

0000110 6 
$06 

ACK Acknowledge 
Control-F 

F F 

0000111 7 
$07 

BEL 
Bell 

Control-G 

G G 

0001000 8 
$08 

BS Backspace Control-H  or  Left-Arrow-H 
H H 

0001001 9 $09 HT Horizontal  Tab Control-I  or 
Tab I I 

0001010 
10 

$0A 

LP Line  Feed Control-J  or Down-Arrow-J J J 
0001011 11 

$0B 

VT 
Vertical  Tab Control-K  or 

Up-Arrow 
K K 

0001100 12 
$0C 

FF Form  Feed 
Control-L 

L L 

0001101 

13 

$0D 

CR 
Carriage  Return Control-M  or  Return M M 

0001110 14 

$0E 

SO Shift  Out 
Control-N 

N N 

0001111 

15 

$0F 
SI 

Shift  In 
Control-0 

0 0 

0010000 
16 

$10 
DIE Data  Link  Escape 

Control-P 

P P 

0010001 
17 

$11 
DCl Device  Control  1 Control-Q Q Q 

0010010 
18 

$12 
DC2 Device  Control  2 

Control-R 

R R 

0010011 

19 

$13 
DC3 

Device  Control  3 
Control-S 

S S 

0010100 20 
$14 

DC4 Device  Control  4 
Control-T 

T T 

0010101 21 $15 NAK Neg.  Acknowledge Control-U  or  Right-Arrow 
U U 

0010110 22 
$16 

SYN Synchronization 
Control-V 

V V 

0010111 

23 

$17 
ETB End  of  Text  Blk. 

Control-W 

w w 
0011000 24 

$18 
CAN Cancel 

Control-X 

X X 

0011001 

25 

$19 EM End  of  Medium 
Control-Y 

Y Y 

0011010 26 

$1A 

SUB Substitute 
Control-Z 

z Z 

0011011 
27 

$1B 

ESC Escape 

Control-[  or 

Escape 

[ [ 

0011100 28 
$1C 

FS 
File  Separator 

Control-\ 

\ \ 

0011101 

29 

$1D OS Group  Separator 
Control-] 

] ] 

0011110 

30 

$1E 
RS Record  Separator 

Control-A 

A A 

0011111 

31 
$1F 

US Unit  Separator Control-_ 
_ 
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Table  D-7 Special  characters,  high  bit  off 

ASCII 
Binary Dec Hex character Interpretation 

what  to  type 

Primary 

Ahernate 

0100000 

32 

$20 SP 
Space Space  bar 0100001 33 

$21 
1 ! ! 

0100010 

34 
$22 

II 

M It 

0100011 
35 

$23 # # # 

0100100 

36 

$24 
$ $ $ 

0100101 

37 
$25 % % % 

0100110 

38 
$26 

& & & 

0100111 39 $27 
1 

Apostrophe 
' 1 

0101000 40 
$28 

( ( ( 

0101001 41 $29 ) ) ) 

0101010 42 
$2A 

* * * 

0101011 

43 

$2B 

+ + + 

0101100 Ai 
$2C 

I Comma ) » 

0101101 

45 

$2D 
- 

Hyphen 

- - 

0101110 46 
$2E 

Period . . 

0101111 
47 

$2F 
/ / / 

0110000 
48 

$30 
0 0 0 

0110001 

49 

$31 

1 1 1 

0110010 

50 $32 
2 2 2 

0110011 

51 

$33 3 3 3 
0110100 

52 $34 

4 4 4 

0110101 
53 

$35 5 5 5 

0110110 

54 

$36 6 6 6 

0110111 55 
$37 

7 7 7 
0111000 

56 
$38 

8 8 8 

0111001 
57 

$39 
9 9 9 

0111010 

58 
$3A 

: : 

0111011 
59 

$3B 
1 ! ) 

0111100 60 
$3C 

< < < 

0111101 61 

$3D 

= = = 

0111110 62 

$3E 

> > > 

0111111 

63 

$3F 

? ? ? 
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} 

■  Table  D-8 Uppercase  characters,  high  bit  off 

ASCII Binary Dec Hex character Interpretation       What  to  type 

Primary 

Alternate 

1000000 
64 $40 

@ @ il 
1000001 

65 

$41 
A A 6 

1000010 66 
$42 

B B K 
1000011 

67 $43 
C C Z 

1000100 68 
$44 

D D V 
1000101 

69 

$45 E E a 
1000110 

70 $46 
F F Si 

1000111 
71 $47 G G = 

1001000 
72 

$48 
H H 

<- 

1001001 
73 $49 

I I 
1001010 

74 $4A 
J J I 

1001011 
75 

$4B 
K K 

1^ 

1001100 
76 $4C 

L L 
— 

1001101 77 
$4D 

M M 

♦J 

1001110 78 

$4E 

N N ■ 
1001111 

79 

$4F 
0 0 ± 

1010000 80 
$50 

P P 

:¥ 

1010001 
81 $51 

Q Q 

^: 

1010010 82 
$52 

R R 

¥. 

1010011 

83 

$53 
S S — 

1010100 
84 

$54 

T T L 
1010101 

85 

$55 U U ^ 
1010110 86 

$56 
V V m 

1010111 
87 

$57 
w w m 

1011000 88 
$58 

X X c 
1011001 

89 
$59 

Y Y 3 
1011010 

90 
$5A 

z z 1 
1011011 

91 
$5B 

[ Opening  bracket f ♦ 
1011100 

92 

$5C \ Back  slash \ 
^ 

1011101 93 
$5D 

] Closing  bracket J 
1011110 

94 

$5E 
A Caret A 3 

1011111 
95 

$5F 

Underline 1 

Note:  If  the  higii  bit  is  set,  the  MouseText  character  is  replaced  with  the  equivalent  from  the  primary  character  set. 
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Table  D-9         Lowercase  characters,  high  bit  off 

ASCII 

Binary  Dec        Hex         character        Interpretation  What  to  type Primary     Alternate 

1100000 

96 
$60 

"■ 

Grave  accent 

1100001 

97 $61 
a 

1100010 

98 
$62 

b 
1100011 99 $63 c 
1100100 100 

$64 d 
1100101 101 $65 e 
1100110 102 

$66 
f 

1100111 

103 

$67 
g 

1101000 104 
$68 

h 
1101001 

105 
$69 i 

1101010 106 
$6A 

i 
1101011 

107 

$6B 
k 

1101100 108 $6C 1 
1101101 

109 

$6D 
m 

1101110 110 

$6e 
n 

1101111 111 
$6F 

0 

1110000 112 $70 P 
1110001 

113 

$71 
q 

1110010 114 
$72 

r 
1110011 

115 
$73 s 

1110100 116 
$74 

t 

1110101 117 $75 u 
mono 118 

$76 
V 

1110111 

119 
$77 w 

1111000 120 
$78 

X 

1111001 121 $79 y 
1111010 122 

$7A 
z 

1111011 
123 

$7B 
1 

Opening  brace 
1111100 124 

$7C 
1 Vertical  line 

1111101 
125 

$7D 
1 Closing  brace 

1111110 126 
$7E 

~ Overline  (tilde) 

1111111 
127 

$7F 

DEL Delete/rubout 

/ a 

17 

b 
# c 
$ d 
% e 
& f 

( 

g 
h 

) i 
* 

+ 
J 
k 

J 1 
- m 

n 
/ o 
0 
1 

2 

P 
q 
r 

3 s 
4 t 

5 u 
6 V 

7 w 
8 X 

9 y 
z 

> 

? DEL 
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Appendix  E    Frequently  Used  Tables 

This  appendix  contains  frequently  used  tables  from  tliroughout  the 
manual.  The  original  table  number  is  given  in  a  footnote  to  the  table. 

267 



Table  E-1*        Language-card  bank  select  switches 

Name Action Location Function 

R 
$C080 

ROMIN RR $C081 

R 
$C082 

LCBANK2 RR $C083 

R 
$C088 

RR $C089 

R 
$C08A 

RR 
$C08B 

RDLCBNK2 
R7 

$C011 

RDLCRAM 

R7 

$C012 

SETSTDZP W 
$C008 

SETALTZP W $C009 

RDALTZP 

R7 

$C016 

Read  this  location  to  read  RAM,  write-protect 
RAM,  and  use  SDOOO  bank  2. 

Read  this  location  twice  to  read  ROM,  write- 
enable  RAM,  and  use  $D000  bank  2. 

Read  this  location  to  read  ROM,  write-protect 
RAM,  and  use  $D000  bank  2. 

Read  this  location  twice  to  read  RAM,  write- 
enable  RAM,  and  use  $D000  bank  2, 

Read  this  location  to  read  RAM,  write-protect 
RAM,  and  use  SDOOO  bank  1. 

Read  this  location  twice  to  read  ROM,  write- 
enable  RAM,  and  use  SDOOO  bank  1. 

Read  this  location  to  read  ROM,  write-protect 
RAM,  and  use  SDOOO  bank  1. 

Read  this  switch  twice  to  read  RAM,  write-enable 
RAM,  and  use  SDOOO  bank  1. 
Read  this  location  and  test  bit  7  for  switch  status: 

SDOOO  bank  2  (1)  or  bank  1  (0). 

Read  this  location  and  test  bit  7  for  switch  status: 

RAM  (1)  or  ROM  (0). 

Write  this  location  to  use  main  bank,  page  0  and 

page  1. 
Write  this  location  to  use  auxiliary  bank,  page  0 

and  page  1. 
Read  this  location  and  test  bit  7  for  switch  status: 

auxiliary  (1)  or  main  (0)  bank. 

Table  3-1 
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Table  E-2*        Auxiliary-memory  select  switches 

Function 

Location 

Name Hex Dec Notes 

RDCARDRAM Read  auxiliary  memory $C003 
49155 Write 

RDMAINRAM Read  main  memory 
$C002 

49154 Write 

RDRAMRD Read  switch  status $C013 
49171 

Read  and  test  bit  7 

(l=auxiliary,  0=main) 
WRCARDRAM Write  auxiliary  memory $C005 49157 Write 

WRMAINRAM Write  main  memory 
$C004 

49156 Write 
RDRAMWRT Read  switch  status 

$C014 49172 
Read  and  test  bit  7 

(l=auxiliary,  0=main) 
SET80COL Access  display  page 

$C001 

49153 
Write 

CLR80COL Use  RAM  switches  ($C002-5,13,14) 
$C000 

49152 Write 
RD80COL Read  switch  status 

$C018 
49176 Read  and  test  bit  7 

(l=80-column  access  on, 
0=80-column  access  ofO 

TXTPAGE2 Text  Page  2  on  (auxiliary  memory) $C055 49237 Read  or  write 

TXTPAGEl Text  Page  1  on  (main  memory) 
$C054 

49236 Read  or  write 
RDPAGE2 Read  switch  status 

$C01C 
49180 Read  and  test  bit  7 

(l=Page  2,  0=Page  1) 
HIRES Access  Hi-Res  pages $C057 

49239 
Read  or  write 

LORES Use  RAM  switches  ($C002-5,13,l4) $C056 
49238 Read  or  write 

RDHIRES Read  switch  status 
$C01D 49181 

Read  and  test  bit  7 

(1=HIRES  on,  0=off) 
SETALTZP Auxiliary  stack  and  direct  page $C009 

49161 
Write 

SETSTDZP Main  stack  and  direct  page 
$C008 49160 

Write 
RDALTZP Read  switch  status 

$C016 49174 
Read  and  test  bit  7 

(l=auxiliary,  0=main) 

*   Table  3-3 
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Table  E-3* 
Standard  Apple  II  video  display  specifications 

Display  modes 

Text  capacity 

Character  set 

Display  formats 

Lo-Res  color  graphics 

Hi-Res  color  graphics 

Double  Hi-Res  color  graphics 

•    Table  4-4 

40-column  text;  map:  Figure  4-5. 

80-column  text;  map:  Figure  4-6. 

Lo-Res  color  graphics;  map:  Figure  4-7. 

Hi-Res  color  graphics;  map:  Figure  4-8. 

Double  Hi-Res  color  graphics;  map:  Figure  4-9. 

24  lines  by  80  columns  (character  positions). 

128  ASCII  characters.  (See  Appendix  C  for  a  list  of  display 
characters.) 

Normal,  inverse,  flashing,  MouseText  (Table  4-10). 

l6  colors  (Table  4-15):  40  horizontal  by  48  vertical; 

map:  Figure  4-7. 
6  colors  (Table  4-14):  140  horizontal  by  192  vertical 

(restricted).  Black-and- White:  280  horizontal  by 

192  vertical;  map:  Figure  4-8. 

16  colors  (Table  4-16):  140  horizontal  by  192  vertical  (no 

restrictions).  Black-and-White:  560  horizontal  by 

192  vertical;  map:  Figure  4-9. 

Table  E-4* 
Video  display  locations 

Display 

page 

Lowest  address 
Highest  i 

iddress 

Display  mode Hex Dec 
Hex 

Dec 

40-column  text, 

Lo-Res  graphics 

1 

2t 

$0400 
$0800 

1024 
2048 $07FF 

$OBFF 

2047 

3071 80-column  text 1 

2t 

$0400 

$0800 

1024 
2048 $07FF 

$OBFF 

2047 

3071 Hi-Res  graphics 1 

2 
$2000 
$4000 

8192 

16384 $3FFF 
$5FFF 

16383 
24575 

Double  High-Res 

graphics 

n 

2i 

$2000 

$4000 

8192 

16384 $3FFF 

$5FFF 

16383 

24575 

*   Table  4-6 

^  Lo-Res  graphics  on  Page  2  is  not  supported  by  firmware;  for  instructions  on  how  to  switch  pages, 

refer  to  the  section  "Display  Mode  Switching"  in  Chapter  4. 
I  See  the  section  "Double  Hi-Res  Graphics"  in  Chapter  4. 
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Table  E-5*        Display  soft  switches 
Name Actionf       Location Function 

CLR80COL          W 

SET80COL         W 

CLR80VID           W 

SET80VID           W 

CLRALTCHAR     W 

SCOOO 

$C001 

$COOC 

$COOD 

$COOE 

(49152) 
(49153) 

(49164) 
(49165) 

(49166) 

SETALTCHAf 

RD80COL 

(     W R7 $COOF 

$C018 

(49167) 

(49176) 

RDVBL  BAR 
R7 

$C019 (49177) 

RDTEXT 
R7 

$C01A (49178) 

RDMIX 
R7 

$C01B 
(49179) 

RDPAGE2 
R7 

SCOIC (49180) 

RDHIRES 

ALTCHARSET 

R7 
R7 $C01D 

$C01E 

(49181) 

(49182) 

RD80VID 
R7 

$C01F 
(49183) 

RDDHIRES 
R7 

$C07F 
(49279) 

TXTCLR R/W $C050 (49232) 

TXTSET 

MIXCLR 

MIXSET 

TXTPAGEl 

TXTPAGE2 

R/W 

R/W 

R/W 
R/W 

R/W 

$C051 

$C052 
$C053 

$C054 
$C055 

(49233) 

(49234) 

(49235) 

(49236) 

(49237) 

LORES 

HIRES 

R/W 

R/W 

$C056 

$C057 

(49238) 
(49239) 

SETAN3 

CLRAN3 
R/W 

R/W 

$C05E 

$C05F 

(49246) 

(49247) 

'    Table  4-7        f W  means  write  anytliing  to  tlie  locati 
^7  means  read  tiie  location  and  then 

Disable  80-column  store. 
Enable  80-column  store. 
Disable  80-column  hardware. 
Enable  80-column  hardware. 

Normal  lowercase  character  set;  flashing  uppercase character  set. 

Normal,  inverse  character  set;  no  flashing. 
Read  CLR/SET80COL  switch: 
1  =  80-column  store  enabled. 
Read  vertical  blanking(VBL): 
1  =  not  VBL. 

Read  IKTCLR/'DCTSET  switch:  1  =  text  mode enabled. 

Read  MIXCLR/MIXSET  switch:  1  =  mixed  mode enabled. 

Read  TXTPAGE1/TXTPAGE2  switch:  1  =  text  Page  2 selected. 

Read  HIRES  switch:  1  =  Hi-Res  mode  enabled. 
Read  CLRALTCHAR/SETALTCHAR  switch: 
1  =  alternate  character  set  in  use. 
Read  CLR80VID/SET80VID  switch: 
1  =  80-column  hardware  in  use. 
Read  SETAN3/CLRAN3  switch: 

1  =  Double  Hi-Res  graphics  mode  selected. 
Select  standard  Apple  II  graphics  mode  or,  if 
MIXSET  on,  mixed  mode. 
Select  text  mode  only. 
Clear  mixed  mode. 

Select  mixed  mode. 

Select  text  Page  1. 

Select  text  Page  2,  or,  if  SET80COL  on,  text  Page  1 in  auxiliary  memory. 

Select  Lo-Res  graphics  mode. 

Select  Hi-Res  graphics  mode,  or,  if  SETAN3  is  on, 
select  Double  Hi-Res  graphics  mode. 
Enable  Double  Hi-Res  graphics  mode. 
Disable  Double  Hi-Res  graphics  mode. 
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Table  E-6* 
Text  window  memory  locations 

cation 
Minimum 
value 

Normal  values 

mn 

Maximum  values 

Lo 
Window 

40-coluiim 80-colu 40-column 80-column 

parameter             Dec Hex Dec 
Hex 

Dec 
Hex 

Dec 
Hex 

Dec Hex Dec      Hex 

Left  edge        32 
$20 

00 
$00 

00 
$00 

00 

$00 

39 

$27 

79       $4F 
Width             33 

$21 

00 

$00 

40 

$28 

80 

$50 

40 

$28 

80       $50 

Top  edge         34 
$22 

00 

$00 

00 
$00 

00 

$00 

23 

$17 

23      $17 

Bottom  edge  35 $23 
01 

$01 

24 

$18 

24 

$18 

24 

$18 

24       $18 

*    Table  4-9 

■    Table  E-7* 
Display 

character  sets 

Hpt 
Primary  character  set - 

Alternate  character set 

values                 Character  type Format Character  type Format 

$00-$ IF  Uppercase  letters  Inverse 

$20-$3F  Special  characters  Inverse 

$40-$5F  Uppercase  letters  Flashing 

$60-$7F  Special  characters  Flashing 

$80-$9F  Uppercase  letters  Normal 

$AO-$BF  Special  characters  Normal 

$CO-$DF  Uppercase  letters  Normal 
$EO-$FF  Lowercase  letters  Normal 

•   Table  4-10 

Uppercase  letters  Inverse 

Special  characters  Inverse 
MoLiseText  Inverse 

Lowercase  letters  Inverse 

Uppercase  letters  Normal 

Special  characters  Normal 

Uppercase  letters  Normal 
Lowercase  letters  Normal 
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■ 
Table  E-8* 

Lo-Res 

graphics 

colors 

Nibble  value Nibble  value 

Dec Hex Color Dec Hex Color 

0 

1 

2 

3 

4 

5 

6 

7 

$00 

$01 
$02 
$03 

$04 
$05 

$06 

$07 

Black 

Deep  red 
Dark  blue 

Purple 

Dark  green 
Dark  gray 

Medium  blue 

Light  blue 

8 

9 10 

11 

12 

13 

14 

15 

$08 
$09 

$0A 
$0B 
$0C 

$0D 

$0E 

$0F 

Brown Orange 

Light  gray 

Pink 

Light  green 
Yellow 

Aquamarine White 

Note:  Colors  may  vary,  depending  on  the  controls  on  the  monitor  or  television  set. 
'    Table  4-14 

Table  E-9*        Hi-Res  graphics  colors 

Bits  0-6 Bit  7  off Bit  7  on 

Adjacent  columns  off Black  1 Black  2 
Even  columns  on Purple Blue 

Odd  columns  on Green 
Orange 

Adjacent  columns  on White  1 White  2 

Note:  Colors  may  vary,  depending  on  the  controls  on  the  monitor  or  television  set. 

•    Table  4-15 
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Table  E-10*       Double  Hi-Res  graphics  colors 

Repeated  color  pattern      abO mbl ab2 

am 

Bit 

Black 
$00 

$00 $00 $00 

0000 

Deep  red 
$08 

$11 $22 
$44 

0001 
Brown 

%AA $08 $11 
$22 

0010 
Orange 

$4C 
$19 

$33 

$66 

0011 
Dark  green 

$22 $44 $08 $11 

0100 

Dark  gray 
$2A 

$55 

$2A 
$55 0101 

Green 
$66 

$4C 

$19 $33 Olio 

Yellow 
$6E 

$5D $3B 

$77 0111 
Dark  blue 

$11 
$22 

$44 
$08 

1000 

Purple 
$19 $33 m 

$4C 

1001 

Light  gray $55 

$2A 
$55 

$2A 

1010 

Pink 
$5D 

$3B 
$77 

$6E 

1011 
Medium  blue 

$33 

$66 
$4C 

$19 
1100 

Light  blue 
$3B $77 $6e $5D 

1101 

Aquamarine $77 
$6e 

$5D 
$3B 

1110 

White 

$7F $7F 
$7F $7F 

nil 
*    Table  4-16 

■    Table  Ell* Palette  and  color  starting addresses 

Palettenumber Color  $0 Color  $1 Color  $E Color  $F 

$0 $9E00-01 $9E02-03 
$9E1C-1D $9E1E-1F 

$1 
$9E20-21 $9E22-23 

$9E3C-3D $9E3E-3F 

$2 
$9E40-41 $9E42-43 

$9E5C-5D $9E5E-5F 

$F •    Table  4-20 
$9FE0-E1 $9FE2-E3 

$9FFC-FD $9FFE-FF 

Table  E-12*       GLU  registers 

GLU  registers Address Type 

Sound  Control  register  $C03C  R/W 

Data  register  $C03D  R/W 

Address  Pointer  register,  low  byte  $C03E  R/W 

Address  Pointer  register,  high  byte  $C03F  R/W 

*   Table  5-1 
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Table  E-13*       DOC  register  addresses 

Frequency Frequency Wavetable Wavetable 

Oscillator Low 
High 

Volume Data Pointer Control Size 
number register register register register register register register 

$00 $00 
$20 $40 

$60 $80 $A0 

$C0 

$01 
$01 $21 $41 $61 $81 

$A1 $C1 

$02 
$02 $22 

$42 
$62 

$82 
$A2 

$C2 

$03 $03 $23 $43 $63 
$83 

$A3 
$C3 

$04 $04 $24 $44 $64 

$84 

$A4 

$C4 

$05 $05 $25 $45 $65 $85 
$A5 

$C5 

$06 $06 $26 $46 

$66 $86 
$A6 $C6 

$07 $07 $27 $47 $67 
$87 

$A7 
$C7 $08 $08 $28 $48 $68 $88 

$A8 $C8 

$09 $09 $29 $49 $69 

$89 

$A9 $C9 

$0A $0A $2A 
$4A $6a $8A 

$AA $CA 
$0B 

$0B $2B 
$4B $6B $8B $AB $CB 

$0C $0C 
$2C $4C $6C 

$8C 
$AC $CC 

$0D $0C 
$2D 

$4D 
$6D $8D $AD $CD 

$0E 
$0E $2E $4E $6E 

$8E $AE $CE 
$0F $0F $2F 

$4F $6f $8F 

$AF $CF 

$10 $10 
$30 $50 

$70 

$90 
$B0 

$D0 $11 $11 
$31 $51 $71 $91 

$B1 $D1 
$12 $12 $32 

$52 $72 $92 
$B2 $D2 

$13 $13 $33 $53 $73 
$93 

$B3 
$D3 

$0B $0B $2B $4B 
$6b $8B $AB $CB 

$0C $0C $2C $4C $6C $8C 

$AC $CC 
$0D 

$0C $2D 
$4D $6d $8D $AD $CD 

$0E $0E $2E $4E $6E $8E 
$AE $CE 

$0F $0F $2F 
$4F 

$6F 

$8F $AF $CF 
$10 $10 $30 $50 $70 

$90 $B0 $D0 $11 $11 $31 
$51 $71 $91 $B1 $D1 

$12 $12 $32 
$52 $72 $92 

$B2 $D2 

$13 $13 
$33 $53 

$73 $93 
$B3 

$D3 

$14 $14 $34 
$54 $74 

$94 
$B4 $D4 

$15 $15 $35 $55 
$75 $95 

$B5 
$D5 

$16 $16 
$36 $56 $76 $96 

$B6 
$D6 

$17 $17 $37 $57 $77 $97 
$B7 $D7 $18 $18 $38 

$58 $78 

$98 

$B8 
$D8 

$19 $19 $39 $59 $79 

$99 

$B9 $D9 

(Continued) 
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Table  E-13*      DOC  register  addresses  (Continued) 

Frequency Frequency Wavetable Wavetable 

Oscillator Low 
High 

Volume 
Data 

Pointer Control Size 

number register register register register register register register 

$1A $1A $3A $5A 
$7A $9A $BA 

$DA 

$1B 
$1B $3B $5B $7B $9B $BB 

$DB 

$1C $1C 
$3C $5C $7C 

$9C 
$BC 

$DC 

$1D $1D $3D 
$5D $7D 

$9D 
$BD $DD 

$lEt 
$1E 

$3E $5E $7E 
$9E 

$BE 

$DE 

$lFt 

$1F $3F 
$5F $7F $9F 

$BF 

$DF 

•   Table  5-4 

^   These  oscillators  are  reserved  for  system  use.  Use  of  these  oscillators  by  the  user  inay  result  in  a  system  crash. 

Table  E-14*      Disk-port  soft  switches 

Address Description 

$COEO  Stepper  motor  phase  0  low 

$C0E1  Stepper  motor  phase  0  high 

$C0E2  Stepper  motor  phase  1  low 

$C0E3  Stepper  motor  phase  1  high 

$C0E4  Stepper  motor  phase  2  low 

$C0E5  Stepper  motor  phase  2  high 

$C0E6  Stepper  motor  phase  3  low 

$C0E7  Stepper  motor  phase  3  high 

$C0E8  Spindle  motor  enabled 

$C0E9  Spindle  motor  disabled 

$COEA  Drive  0  select 

$COEB  Drive  1  select 

$COEC  Q6  select  bit  low 

$COED  Q6  select  bit  high 

$COEE  Q7  select  bit  low 

$COEF  Q7  select  bit  high 

*   Table  7-3 
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Table  E-15*      The  IWM  states 

Q7 

Q6 

spindle  motor  Operation 

0 0 1 Read  Data  register 

0 1 X Read  Status  register 

1 0 X Read  Handsliake  register 

1 1 0 Write  Mode  register 

1 1 1 Write  Data  register 

Table  7-4 

Table  E-l6*      SCC  Command  and  SCC  data  register  addresses 

Register Channel  A Channel  B 

SCC  Command 

SCC  data 

•   Table  7-10 

$C039 

$C03B 
$C038 

$C03A 

Table  E-17*      Annunciator  memory  locations 

Number 

Annunciator Pint 

State 

Address 

Hex 
Dec 

$C058 49240 $C059 

49241 
$C05A 49242 
$C05B 

49243 

$C05C 49244 
$C05D 

49245 

$C05E 49246 

$C05F 49247 

'   Table  7-14 

t    Pin  numbers  given  are  for  the  l6-pin  IC  connector  on  the  circuit  board. 

15 

Off 

On 
14 Off 

On 
13 

Off 
On 

12 Off 

On 

Appendix  E    Frequently  Used  Tables        277 



Table  E-18*       Secondary  I/O  memory  locations 

Soft  switch 

Address 

Dec Hex Definition 

SPKR 

CLRANO 

SETANO 

CLRANl 

SETANl 

CLRAN2 

SETAN2 

CLRAN3 

SETAN3 

BUTN3 

BUTNO 

BUTNl 

BUTN2 

PADDLO 

PADDLl 

PADDL2 

PADDL3 

PTRIG 

•    Table  7-15 

49200 

49240 

49241 

49242 49243 

49244 
49245 

49246 
49247 

49248 
49249 

49250 

49251 

$C064 
$C065 

$C066 

$C067 

49264 

$C030 

$C058 
$C059 

$C05A 

$C05B 
$C05C 

$C05D 

$C05E 

$C05F 

$C060 
$C06l 

$C062 $C063 

49252 
49253 

49254 49255 

$C070 

Toggle  speaker  (read  only). 
Clear  annunciator  0. 

Set  annunciator  0. 

Clear  annunciator  1. 

Set  annunciator  1. 

Clear  annunciator  2. 

Set  annunciator  2. 

Clear  annunciator  3- 

Set  annunciator  3. 

Read  switch  3  (read  only). 

Read  switch  0  (read  only). 

Read  switch  1  (read  only). 

Read  switch  2  (read  only). 

Read  analog-input  0. 

Read  analog-input  1. 

Read  analog-input  2. 

Read  analog-input  3- 

Analog-input  reset. 

Table  E-19*      Peripheral-card  RAM  memory  locations 

Slot  number 

Base 

address 1 2 3 4 5 6 7 

$0478 $0479 $047A $047B $047C $047D $047E $047F $04F8 $04F9 
$04FA $04FB $04FC $04FD $04FE $04FF $0578 $0579 $057A $057B $057C $057D $057E 

$057F $05F8 $05F9 
$05FA $05FB $05FC $05FD 

$05FE $05FF $0678 $0679 $067A $067B $067C $067D $067E 
$067F 

$06F8 $06F9 $06FA $06FB $06FC 
$06FD $06FE $06FF $0778 $0779 $077A $077B $077C $077D $077E $077F $07F8 $07F9 

$07FA $07FB $07FC 
$07FD $07FE $07FF 

Table  8-5 
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Table  E-20*       Peripheral-card  I/O  base  addresses 

Base Slot  number 

address 1 2 3 4 5 6 7 

$C080 $C090 $COAO SCOBO $coco $CODO SCOEO 
$COFO $C081 $C091 $C0A1 $C0B1 $C0C1 $C0D1 $C0E1 SCOFl 

$C082 $C092 $C0A2 $C0B2 $C0C2 $C0D2 $C0E2 $C0F2 $C083 $C093 $C0A3 $C0B3 $C0C3 $C0D3 
$C0E3 SC0F3 

$C084 $C094 $C0A4 $C0B4 
SC0C4 

$C0D4 
$C0E4 

SC0F4 
$C085 $C095 $C0A5 $C0B5 $C0C5 $C0D5 $C0E5 

SC0F5 

$C086 $C096 $C0A6 $C0B6 $C0C6 $C0D6 $C0E6 $C0F6 $C087 $C097 $C0A7 $C0B7 $C0C7 $C0D7 
$C0E7 $C0F7 

$C088 $C098 $C0A8 $C0B8 $C0C8 $C0D8 $C0E8 
$C0F8 $C089 $C099 $C0A9 $C0B9 $C0C9 SC0D9 SC0E9 $C0F9 

$C08A $C09A $COAA $COBA $COCA $CODA SCOEA 
$COFA $C08B $C09B $COAB $COBB $COCB $CODB $COEB $COFB $C08C $C09C $COAC SCOBC scocc $CODC $COEC $COFC $C08D $C09D $COAD $COBD $COCD $CODD SCOED 
$COFD $C08E $C09E SCOAE $COBE $COCE $CODE $COEE 

$COFE 

$C08F $C09F $COAF SCOBF 
$COCF $CODF 

$COEF $COFF 
Table  8-6 
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Glossary 

accumulator:  The  register  in  a  computer's 
central  processor  or  microprocessor  where  most 
computations  are  performed. 

ACIA:  Acronym  for  Asynchronous 

Communications  Interface  Adapter,  a  type  of 
communications  IC  used  in  some  Apple 

computers.  Converts  data  from  parallel  to  serial 
form  and  vice  versa.  An  ACIA  handles  serial 

transmission  and  reception  and  RS-232-C  signals 
under  the  control  of  its  internal  registers,  which 

can  be  set  and  changed  by  firmware  or  software. 
Compare  Serial  Communications  Controller. 

ADB:  See  Apple  Desktop  Bus. 

address:  A  number  that  specifies  the  location  of 

a  single  byte  of  memory.  Addresses  can  be  given 

as  decimal  or  hexadecimal  integers.  The 

Apple  IlGS  has  addresses  ranging  from  0  to 
16,777,215  (in  decimal)  or  from  $000000  to 

$FFFFFF  (in  hexadecimal).  A  complete  address 

consists  of  a  4-bit  bank  number  ($00  to  $FF) 

followed  by  a  l6-bit  address  within  that  bank 
($0000  to  $FFFF). 

analog  RGB:  A  type  of  color  video  monitor  that 

accepts  separate  analog  signals  for  red,  green, 

and  blue.  The  magnitude  of  each  signal  can  vary 
continuously,  making  possible  many  shades  and 
tints  of  color. 

Apple  Desktop  Bus  (ADB):  An  input  bus  and 
protocol  for  connecting  keyboards,  mouse 

devices,  and  graphics  tablets  to  the  Apple  IlGS. 
Chapter  6  provides  details  of  the  ADB. 

AppleTalk  connector:  A  piece  of  equipment- 
consisting  of  a  connection  box,  a  short  cable, 

and  an  8-pin  miniature  DIN  connector— that 
enables  an  Apple  IlGS  to  be  part  of  an  AppleTalk 
network. 

AppleTalk  local  area  network:  Apple  s  local 
area  network  for  Apple  II  and  Macintosh 

personal  computers  and  the  LaserWriter®  and 

ImageWriter®  II  printers.  Like  the  Macintosh, 
the  Apple  IlGS  has  the  AppleTalk  interface  built in. 

Apple  U:  A  family  of  computers,  including  the 
original  Apple  II,  the  Apple  II  Plus,  the  Apple  lie, 

the  Apple  lie,  and  the  Apple  IlGS.  Compare 
standard  Apple  II. 

Apple  IlGS  Programmer's  Workshop  (APW): 
The  development  environment  for  the  Apple  IlGS 

computer.  It  consists  of  a  set  of  programs  that 
facilitate  the  writing,  compiling,  and  debugging 

of  Apple  IlGS  application  programs. 

Apple  IlGS  toolbox:  A  collection  of  built-in 
routines  on  the  Apple  IlGS  that  programs  can  call 

to  perform  many  commonly  needed  functions. 
Functions  within  the  toolbox  are  grouped  into 
tool  sets. 

application  program  or  application:  (1)  A 

program  that  performs  a  specific  task  useful  to 
the  computer  user,  such  as  word  processing, 

database  management,  or  graphics.  Compare 

controlling  program,  software,  system 
software. 
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application  program  or  application:  (2)  On 

the  Apple  IlGS,  a  program  (such  as  the  APW  Shell) 
that  accesses  ProDOS  16  and  the  toolbox 

directly  and  that  can  be  called  or  exited  via  the 
Quit  call.  ProDOS  16  applications  are  file  type 
$B3. 

APW:  See  Apple  IlGS  Programmer's 
Workshop. 

ASCII:  Acronym  for  American  Standard  Code  for 

Information  Interchange.  (2)  The  standard 

alphabetic,  numeric,  control,  and  special 

characters  represented  by  hexadecimal  values  $0 

through  $FF.  ASCII  data  refers  to  these  universal 
256  codes. 

aspect  ratio:  The  ratio  of  an  image's  width  to  its 
height;  for  example,  a  standard  video  display  has 
an  aspect  ratio  of  4:3. 

assembler:  A  program  that  produces  object  files 

(programs  that  contain  machine-language  code) 
from  source  files  written  in  assembly  language. 

The  opposite  of  disassembler. 

aixxiliary  slot:  The  special  expansion  slot  within 

the  Apple  He  used  for  the  Apple  He  80-Column 
Text  Card  or  Extended  80-Column  Text  Card,  and 
also  for  the  RGB  monitor  card.  The  slot  is  labeled 

AUX.CONNECTOR  on  the  circuit  board. 

bank:  A  64K  (65,536-byte)  portion  of  the 
Apple  IlGS  internal  memory.  An  individual  bank  is 
specified  by  the  value  of  one  of  the  65C816 

microprocessor's  bank  registers. 

bank-switched  memory:  On  Apple  II 

computers,  that  part  of  the  language-card 
memory  in  which  two  4K  portions  of  memory 

share  the  same  address  range  ($DOOO-$DFFF). 

binary:  A  method  of  numeric  representation 

using  a  base-2  system.  Valid  digits  are  0  and  1. 
Compare  hexadecimal,  decimal. 

bit:  Short  for  binary  digit.  In  the  binary  system, 

the  smallest  unit  of  information,  consisting  of  0 

or  1. 

bit  map:  A  set  of  bits  that  represents  the 

positions  and  states  of  a  corresponding  set  of 

items.  In  graphics,  video  pixels  are  represented 

by  a  bit  or  bits  in  video  display  memory.  See  also 

graphics. 
block:  (1)  A  unit  of  data  storage  or  transfer, 

typically  512  bytes.  (2)  A  contiguous,  page- 
aligned  region  of  computer  memory  of  arbitrary 
size,  allocated  by  the  Memory  Manager.  Also 
called  a  memory  block. 

block  device  or  block  I/O  device:  A  device 

that  transfers  data  to  or  from  a  computer  in 

multiples  of  one  block  (512  bytes)  of  characters 
at  a  time.  Disk  drives  are  block  devices. 

boot:  Another  way  to  say  start  up.  A  computer 

boots  by  loading  a  program  into  memory  from  an 
external  storage  medium  such  as  a  disk.  Boot  is 
short  for  bootstrap  load  :  Starting  up  is  often 

accomplished  by  first  loading  a  small  program, 
which  then  reads  a  larger  program  into  memory. 

The  program  is  said  to  "pull  itself  up  by  its  own 

bootstraps." 
buffer:  A  holding  area  in  the  computer's  memoiy 
where  information  can  be  stored  by  one  program 

or  device  and  then  read  at  a  different  rate  by 

another;  for  example,  a  print  buffer  or  a  ProDOS 
16  I/O  buffer. 

byte:  A  unit  of  information  consisting  of  a 

sequence  of  8  bits.  A  byte  can  take  any  value 
between  0  and  255  ($0  and  $FF  hexadecimal). 

The  value  can  represent  an  instruction,  number, 

character,  or  logical  state. 

carriage  return  (\r):  A  control  code  (ASCII  13) 

generated  by  the  Return  key;  in  APW  C,  equal  to 
newline(\n). 
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carry  flag:  A  status  bit  in  the  microprocessor, 

used  as  an  additional  high-order  bit  with  the 
accumulator  bits  in  addition,  subtraction, 

rotation,  and  shift  operations. 

cathode-ray  tube:  A  display  device,  such  as  a 
television  picture  tube,  that  produces  images  on 

a  phosphor-coated  screen. 

central  processing  unit  (CPU):  The  part  of  the 

computer  that  performs  the  actual  computations 
in  machine  language.  See  also  microprocessor. 

character:  Any  symbol  that  has  a  widely 

understood  meaning  and  thus  can  convey 

information.  Some  characters— such  as  letters, 

numbers,  and  punctuation — can  be  displayed  on 
the  monitor  screen  and  printed  on  a  printer.  Most 

characters  are  represented  in  the  computer  as  1- 
byte  values. 

character  device  or  character  I/O  device:  A 

device  that  transfers  data  to  or  from  a  computer 
as  a  stream  of  individual  characters.  Keyboards 

and  printers  are  character  devices. 

character  generator:  The  IC  responsible  for 

providing  all  text  and  special  characters  to  the 
computer  that  may  be  displayed  on  the  video 
monitor. 

CMOS:  Acronym  for  complementary  metal  oxide 
semiconductor,  one  of  several  methods  of 

making  integrated  circuits  out  of  silicon.  CMOS 

devices  are  characterized  by  their  low  power 

consumption.  CMOS  techniques  are  derived 
from  MOS  techniques. 

color  fringing:  The  rainbow-like  effect  that 
appears  around  text  characters  when  they  are 
displayed  in  color  on  most  color  video  monitors. 

This  fringing  is  unavoidable  because  the  color- 
detection  circuitry  of  most  composite  video 

color  monitors  cannot  respond  fast  enough  to 

the  changing  of  the  color  information  during  the 
text  portion  of  the  display.  Displaying  text  in 
monochrome  makes  it  more  readable. 

command:  (1)  In  the  Standard  C  Library,  a 

paranicter  that  tells  a  function  which  of  several 

actions  to  perform.  (2)  In  the  APW  Shell,  a  word 
that  tells  APW  which  utility  to  execute. 

Command  key:  A  modifier  key  on  the 

Apple  IlGS  keyboard,  marked  with  both  an  Apple 
icon  and  a  propeller,  the  icon  used  on  the 

equivalent  key  on  some  Macintosh  keyboards.  It 
performs  the  same  functions  as  the  Open  Apple 

key  on  standard  Apple  II  machines. 

composite  video:  A  standard  video  signal  that 

includes  all  color  and  timing  information  that  is 

needed  by  a  composite  video  monitor.  Several 
video  standards  are  in  use  around  the  world: 
NTSC  video  is  used  in  northern  America  and 

Japan;  PAL  video  is  used  in  much  of  Europe; 
SECAM  is  used  in  the  USSR  and  many  other 

countries.  The  Apple  IlGS  is  capable  of 

generating  both  NTSC  and  PAL  video.  Compare 
RGB. 

controlling  program:  A  program  that  loads  and 
runs  other  programs,  without  itself  relinquishing 

control.  A  controlling  program  is  responsible  for 

shutting  down  its  subprograms  and  freeing  their 

memory  space  when  they  are  finished.  A  shell,  for 
example,  is  a  controlling  program. 

Control  Panel:  A  desk  accessory  that  lets  you 

change  certain  system  parameters,  such  as 
speaker  volume,  display  colors,  and 
configuration  of  slots  and  ports. 
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control  registers:  Special  registers  that 

programs  can  read  and  write,  similar  to  soft 
switches.  The  control  registers  are  specific 

locations  in  the  I/O  space  ($Cxxx)  in  bank  $E0; 

they  are  accessible  from  bank  $00  if  I/O 
shadowing  is  on. 

Control-Reset:  A  combination  keystroke  on 
Apple  II  computers  that  usually  causes  an 

Applesoft  BASIC  program  or  command  to  stop 
immediately. 

CPU:  See  central  processing  unit  and 

microprocessor. 

cursor:  A  graphic  icon  displayed  by  the 

operating  system  or  application  program  that 
indicates  where  the  next  input  from  the  user  is 

expected.  Different  styles  of  cursors  are  used 

with  the  Apple  IlGS:  an  arrow,  an  underbar,  a 
vertical  bar,  and  an  inverse  video  block. 

data:  Information  transferred  to  or  from  or 

stored  in  a  computer  or  other  mechanical 

communications  or  storage  device. 

data  block:  A  512-byte  portion  of  a  ProDOS  l6 
standard  file  that  consists  of  whatever  kind  of 

information  the  file  may  contain. 

decimal:  A  method  of  numeric  representation 

using  a  base-10  system.  Valid  digits  are  0  through 
9.  Compare  hexadecimal,  binary. 

delete  key:  A  key  on  the  upper-right  corner  of 
the  Apple  He,  Apple  lie,  and  Apple  IlGS 
keyboards  that  erases  the  character  immediately 

preceding  (to  the  left  of)  the  cursor.  Similar  to 
the  Macintosh  Backspace  key. 

desk  accessories:  Small,  special-purpose 
programs  that  are  available  to  the  user  regardless 

of  which  application  is  running.  The  Control 
Panel  is  an  example  of  a  desk  accessory. 

desktop  user  interface:  The  visual  appearance 

of  a  program  and  the  way  in  which  it  interacts 
with  the  user.  In  applications  that  use  the 

desktop  user  interface,  commands  appear  as 

options  in  pull-down  menus,  and  material  being 
worked  on  appears  in  rectangular  areas  of  the 
screen  called  windows.  The  user  selects 

commands  or  other  material  by  using  the  mouse 

to  move  a  pointer  around  on  the  screen. 

device:  A  piece  of  equipment  (hardware)  used  in 

conjunction  with  a  computer  and  under  the 

computer's  control.  Also  called  a  peripheral 
device  because  such  equipment  is  often 

physically  separate  from,  but  attached  to,  the 

computer. 

device  driver:  A  program  that  manages  the 
transfer  of  information  between  the  computer 

and  a  peripheral  device. 

digital:  Descriptive  of  that  which  uses  signals 

representing  characters  or  numbers,  signals  being 
of  discrete  rather  than  continuously  variable 

values,  or  those  produced  by  pulses  of  one 

current  or  voltage  value. 

Digital  Oscillator  Chip  (DOC):  An  integrated 
circuit  in  the  Apple  IlGS  that  contains  32  digital 

oscillators,  each  of  which  can  generate  a  sound 

from  stored  digital  waveform  data  in  a 
wavetable. 

DIN:  Acronym  for  Deutsche  Industrie  Normal,  a 

European  standards  organization. 

DIN  connector:  A  type  of  connector  with 

multiple  pins  inside  a  round  outer  shield. 

direct  memory  access  (DMA):  A  means  of  fast 
data  transfer  into  or  out  of  computer  memory  to 

or  from  a  computer  peripheral.  A  peripheral 

device,  usually  a  card  in  a  peripheral  I/O 

expansion  slot,  puts  the  65C816  microprocessor 
in  an  idle  state,  and  takes  control  of  the 
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computer  for  a  short  period  of  time.  Data  in 

memory  may  be  directly  accessed  without  the 

time-consuming  usual  handshaking  and 

protocol. 

directory:  A  file  that  contains  a  list  of  the  names 
and  locations  of  other  files  stored  on  a  disk. 

Directories  are  either  volume  directories  or 

subdirectories.  A  directory  is  sometimes  called  a 
catalog. 

directory  file:  A  directory.  One  of  the  two 

principal  categories  of  ProDOS  16  files. 
Directory  files  contain  specially  formatted 

entnes  that  give  the  names  and  disk  locations  of 
other  files. 

direct  page:  A  page  (256  bytes)  of  bank  $00  of 

Apple  IlGS  memory,  any  part  of  which  can  be 

addressed  with  a  short  (l-byte)  address  because 
its  high-address  byte  is  always  $00  and  its 

middle-address  byte  is  the  value  of  the  65C816 
direct  register.  Coresident  programs  or  routines 

can  have  their  own  direct  pages  at  different 

locations.  The  direct  page  corresponds  to  the 

6502  processor's  zero  page.  The  term  direct  page 
is  often  used  informally  to  refer  to  any  part  of 

the  lower  portion  of  the  direct-page/stack 

space. 

direct-page/stack  space:  A  portion  of  bank  $00 

of  Apple  IlGS  memory  reserved  for  a  program's 
direct  page  and  stack.  Initially,  the  65C816 

processor's  direct  register  contains  the  base 
address  of  the  space,  and  its  stack  register 

contains  the  highest  address.  In  use,  the  stack 

grows  downward  from  the  top  of  the  direct- 
page/stack  space,  and  the  lower  part  of  the 

space  contains  direct-page  data. 

direct  register:  A  hardware  register  in  the 

65C816  processor  that  specifies  the  start  of  the 
direct  page. 

disk  drive:  A  computer  peripheral  device  that 
stores  digital  data  on  a  revolving  magnetic 

surface.  Disk  drives  may  be  floppy  disk  drives 

(which  use  a  removable,  flexible  mylar  disk  as  the 
medium)  or  hard  disk  drives  (which  use  a  fixed 

aluminum  platter  as  the  medium).  Disk  drives 
retain  the  information  after  the  computer  is 

turned  off,  but  are  capable  of  altering  the  data  as 

requested  by  the  computer  program. 

disk  operating  system:  An  operating  system 

whose  principal  function  is  to  manage  files  and 
communication  with  one  or  more  disk  drives. 

DOS  and  ProDOS  are  two  families  of  Apple  II 

disk  operating  systems. 

Disk  II  drive:  A  type  of  disk  drive  made  and 

sold  by  Apple  Computer,  Inc.  for  use  with  the 

Apple  II,  Apple  II  Plus,  and  Apple  lie.  It  uses 
5.25-inch  disks. 

dithering:  A  technique  for  alternating  the  values 

of  adjacent  pixels  to  create  the  effect  of 
intermediate  values.  Dithering  can  give  the 

effect  of  shades  of  gray  on  a  black-and-white 
display,  or  more  colors  on  a  color  display. 

DMA:  See  direct  memory  access. 

DOC:  See  Digital  Oscillator  Chip. 

DOS:  Acronym  for  disk,  operating  system.  An 

Apple  II  disk  operating  system. 

Double  Hi-Res:  A  high-resolution  graphics 

display  mode  on  Apple  II  computers  with  at  least 
128K  of  RAM,  consisting  of  an  array  of  points  560 

wide  by  192  high  with  16  colors. 

dynamic  ROM:  A  form  of  read-only  memory 

(ROM)  in  which  data  is  retained  in  memor>'  while 
the  computer  power  is  off,  but  is  lost  as  soon  as 

the  system  is  turned  on. 
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e  flag:  One  of  three  flag  bits  in  the  65C816 

processor  that  programs  use  to  control  the 

processor's  operating  modes.  The  setting  of  the 
e  flag  determines  whether  the  processor  is  in 
native  mode  or  emulation  mode.  See  also  m  flag, 
X  flag. 

8-bit  Apple  U:  Another  way  of  saying  standard 

Apple  II,  that  is,  any  Apple  II  with  an  8-bit 
microprocessor  (6502  or  65C02). 

80-column  text  card:  A  peripheral  card  that 
allows  the  Apple  II,  Apple  II  Plus,  and  Apple  He 

to  display  text  in  80  columns  (in  addition  to  the 
standard  40  columns). 

emulate:  To  operate  in  a  way  identical  to  a 

different  system.  For  example,  the  65C816 

microprocessor  in  the  Apple  IIGS  can  carry  out  all 
the  instructions  in  a  program  originally  written 

for  an  Apple  II  that  uses  a  6502  microprocessor, 
thus  emulating  the  6502. 

emulation  mode:  The  8-bit  configuration  of  the 
65C816  processor  in  which  it  functions  like  a 

6502  processor  in  all  respects  except  clock 

speed. 

event-driven  program:  A  program  that  waits  in 
a  loop  until  it  detects  an  event  such  as  a  click  of 
the  mouse  button.  The  occurrence  of  the  event 

causes  the  program  to  take  a  specific  action 
based  on  the  event. 

external  device:  See  device. 

external  reference:  A  reference  to  a  symbol  that 

is  defined  in  another  segment.  External 

references  must  be  to  global  symbols. 

fatal  error:  An  error  serious  enough  that  the 

computer  must  halt  execution. 

firmware:  Programs  stored  permanently  in  read- 
only memory  (ROM);  most  provide  an  interface 

to  system  hardware.  Such  programs  (for  example, 
the  Control  Panel  and  the  Monitor  program)  are 

built  into  the  computer  at  the  factory.  They  can 

be  executed  at  any  time  but  cannot  be  modified 
or  erased  from  main  memory.  Compare 

hardware,  software. 

FPI:  Abbreviation  for  Fast  Processor  Interface.  A 

custom  integrated  circuit  that  incorporates  most 

of  the  memory  organization  and  address- 
decoding  functions  of  the  Apple  IlGS.  One  of 

this  IC's  functions  is  to  slow  the  system  clock  to 
1.024  MHz  whenever  access  to  banks  $E0  and  El 
is  detected. 

frequency:  The  rate  at  which  a  repetitive  event 
recurs.  In  alternating  current  (AC)  signals,  the 

number  of  cycles  per  second.  Frequency  is  usually 

expressed  in  hertz  (cycles  per  second),  kilohertz, 

or  megahertz. 

fringing:  Also  known  as  color  fringing.  The 

undesirable  effect  of  rainbow-like  colors 

obscuring  text  on  the  video  monitor.  Occurs 

when  80-column  text  is  displayed  in  color. 

General  Logic  Unit:  A  class  of  custom 

integrated  circuits  used  as  interfaces  between 
different  parts  of  the  computer. 

GLU:  See  General  Logic  Unit. 

graphics:  The  display  by  a  computer  on  a  video 
monitor  of  data  in  memory,  to  visually  represent 

figures,  charts,  graphs,  or  icons.  In  the 

Apple  IlGS,  each  pixel  on  the  monitor  screen  is 
directly  controllable  by  bits  in  the  screen.  See 
also  bit  map. 
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hand  control:  A  hand-held  device  with  a  knob 

and  pushbutton  that  provides  the  user  with  a 

means  for  inputting  stimuli  to  the  computer  for 

the  purpose  of  controlling  the  application 

program.  Usually  used  in  conjunction  with  game 
software.  Compare  joystick. 

handshaking:  The  exchange  of  status 
information  between  a  DCE  (Data 

Communications  Equipment)  and  a  DTE  (Data 

Terminal  Equipment),  usually  a  computer  and  a 
peripheral  device,  used  to  control  the  transfer  of 
data  between  them.  The  status  information  can 

be  the  state  of  a  signal  connecting  the  DCE  and 
the  DTE,  or  it  can  be  in  the  form  of  a  character 
transmitted  with  the  rest  of  the  data.  See  also 

XOFF,  XON. 

hardware:  Collectively,  electronic  circuit 
components  and  associated  fittings  and 

attachments.  In  computers,  the  computer  itself 

(the  processor),  disk  drives,  and  other  peripheral 

equipment,  The  saying  goes,  "If  you  can  touch  it, 

it's  hardware.  If  you  can't,  it's  software." 
Compare  software. 

hertz  (Hz):  The  unit  of  frequency  of  vibration 

or  oscillation,  defined  as  the  number  of  cycles  per 

second.  Named  for  the  physicist  Heinrich  Hertz. 

See  also  kilohertz,  megahertz. 

hexadecimal:  The  base-l6  system  of  numbers, 
using  the  ten  digits  0  through  9  and  the  six  letters 
A  through  F.  Hexadecimal  numbers  can  be 

converted  easily  and  direcdy  to  binaiy  form, 

because  each  hexadecimal  digit  corresponds  to  a 

sequence  of  four  bits.  In  Apple  manuals, 

hexadecimal  numbers  are  usually  preceded  by  a 
dollar  sign  (S). 

high-level  language:  A  programming  language 
that  is  relatively  easy  for  people  to  understand.  A 

single  statement  in  a  high-level  language  typically 
corresponds  to  several  instructions  of  machine 

language.  Compare  low-level  language. 

high-order:  Referring  to  the  most  significant 
part  of  a  numerical  quantity.  In  normal 

representation,  the  high-order  bit  of  ̂   binary 
value  is  in  the  leftmost  position;  likewise,  the 

high-order  byte  of  a  binary  word  or  long  word 
consists  of  the  leftmost  8  bits. 

Hi-Res:  A  high-resolution  graphics  display  mode 
on  the  Apple  II  family  of  computers,  consisting 

of  an  array  of  pixels  140  wide  by  192  high  in  six 

colors  or  280  wide  by  192  high  in  monochrome. 

IC:  See  integrated  circuit. 

image:  A  representation  of  the  contents  of 

memory.  A  code  image  consists  of  machine- 
language  instructions  or  data  that  may  be  loaded 
unchanged  into  memory. 

index  register:  A  register  in  a  computer 

processor  that  holds  an  index  for  use  in  indexed 
addressing.  The  6502  and  65C816 

microprocessors  used  in  the  Apple  II  family  of 

computers  have  two  index  registers,  called  the  X 

index  register  Sind  the  Y  index  register. 

input  device:  The  keyboard  is  the  main  input 

device  for  the  Apple  IlGS.  Other  possible  input 

devices  are  the  mouse  and  the  graphics  tablet. 

Almost  any  device  may  be  used  as  an  ADB  input 
device,  as  long  as  it  conforms  to  the  Apple 

Desktop  Bus  protocol.  Chapter  6  provides 
details  on  the  ADB. 

input/output  (I/O):  The  transmitting  and 

receiving  of  data  to  and  from  peripheral  or  built- 
in  devices. 
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integrated  circuit  (IC):  A  miniature  electronic 
circuit  consisting  of  many  tiiousands  of 
transistors  and  other  electronic  components  by 

processing  a  chip  of  semiconductor  material. 
This  chip  is  then  cast  in  a  plastic  or  ceramic 

package  with  metal  leads  or  "legs"  used  to 
connect  it  to  a  circuit  board.  Categories  of  ICs 

are  labeled  due  to  their  construction  process: 

monolothic,  hybrid,  and  thin-film  are  some. 
Almost  any  electronic  circuit  may  be 
miniaturized  and  made  into  an  integrated 
circuit. 

iv:  Auureviauon  lor  uie  preiix  kuu-,  meaning 
1024.  A  kilobyte  (expressed  IK)  of  memory  is 
1094  mpmnnr  InrarinrT; 

interrupt:  A  request  made  of  the  microprocessor 

by  a  device,  either  built-in  or  external,  to  receive      __,,  ̂   „„^_  _..^.._ 
urgent  data  or  respond  to  a  recent  event.  Disk         i024  memory  locations, 
drives  make  interrupt  requests  of  the 

microprocessor,  as  do  the  real-time  clock  and 
the  mouse  firmware  in  the  Apple  IIGS. 

IWM:  Abbreviation  for  Integrated  Woz  Machine, 

the  custom  chip  used  in  built-in  disk  ports  on 

Apple  computers. 

joystick:  A  type  of  hand  control  that  has  a 

movable  stick  to  provide  x-axis  and  y-axis  inputs 
to  the  computer. 

jump  table:  A  table  constructed  in  memory  by 

the  System  Loader  from  all  jump-table  segments 
encountered  during  a  load.  The  jump  table 

contains  all  references  to  dynamic  segments  that 

may  be  called  during  execution  of  the  program. 

K:  Abbreviation  for  the  prefix  kilo-,  meaning 

interrupt  handler:  A  program,  associated  with  a 

particular  external  device,  that  executes 
whenever  that  device  sends  an  interrupt  signal  to 

the  computer.  The  interrupt  handler  performs  its 
tasks  during  the  interrupt,  then  returns  control  to 

the  computer  so  it  may  resume  program 
execution. 

interrupt  vector  table:  A  table  maintained  in 

memory  by  ProDOS  16  that  contains  the 
addresses  of  all  currendy  active  (allocated) 

interrupt  handlers. 

I/O:  See  input/output. 

I/O  expansion  slots:  The  seven  rectangular 
connectors  located  on  Apple  IlGS  main  logic 

board.  These  slots  will  accept  standard  Apple  II 

peripheral  cards  and  allow  the  computer  to 
communicate  with  peripherals  such  as  printers 
and  disk  drives.  See  also  peripheral  card. 

kilobit:  1024  bits,  commonly  used  in  specifying 

the  capacity  of  memory  ICs.  Not  to  be  confused 
with  kilobyte. 

kilobyte:  1024  bytes,  usually  used  to  describe  a 

range  or  size  of  memory.  Compare  kilobit. 

kilohertz  (KHz):  A  unit  of  measurement  of 

frequency,  equal  to  1000  hertz.  See  also 

megahertz. 

language  card:  Memory  with  addresses  between 

$D000  and  $FFFF  on  any  Apple  Il-family 
computer.  It  includes  two  RAM  banks  in  the 

$Dxxx  space,  called  bank-switched  memory.  The 
language  card  was  originally  a  peripheral  card  for 

the  48K  Apple  II  or  Apple  II  Plus  that  expanded 
its  memory  capacity  to  64K  and  provided  space 
for  an  additional  dialect  of  BASIC. 

local  area  network:  A  high-speed  data 
communication  channel  that  provides 

connections  between  computers,  disk  drives, 

printers,  and  other  peripherals  in  a  limited 

geographic  area,  such  as  within  a  single  building 
or  campus. 
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long  word:  A  double-length  word.  For  the 
Apple  IIGS,  a  long  word  is  32  bits  (4  bytes)  long. 

loop:  A  section  of  a  program  that  is  executed 

repeatedly  until  a  limit  or  condition  is  met,  such 

as  an  index  variable's  reaching  a  specified  ending 
value. 

Lo-Res:  The  lowest-resolution  graphics  display 
mode  on  the  Apple  II  family  of  computers, 

consisting  of  an  array  of  blocks  48  rows  high  by 
40  columns  wide,  with  l6  available  colors. 

low-level  language:  A  programming  language 

that  is  relatively  close  to  the  form  the  computer's 
processor  can  execute  directly.  One  statement  in 

a  low-level  language  corresponds  to  a  single 

machine-language  instruction.  Compare  high- 
level  language. 

low-order:  Referring  to  the  least  significant  part 
of  a  numerical  quantity.  In  normal 

representation,  the  low-order  bit  of  a  binary 
number  is  in  the  rightmost  position;  likewise,  the 

low-order  byte  of  a  binary  word  or  long  word 
consists  of  the  rightmost  8  bits. 

main  logic  board:  The  main  circuit  board  in  the 

computer,  which  holds  the  major  electronic 

components  and  connectors. 

megabit:  A  unit  of  measurement,  1,048,576  bits 
or  1024  kilobits,  commonly  used  in  specifying 

the  capacity  of  memory  ICs.  Not  to  be  confused 
with  megabyte. 

megabyte:  1,048,576  bytes  or  1024  kilobytes, 
usually  used  to  describe  a  range  or  size  of 

memory.  Compare  megabit. 

megahertz  (MHz):  A  unit  of  measurement  of 

frequency,  equal  to  1,000,000  hertz.  See  also 
kilohertz. 

Mega  II:  A  custom,  large-scale  integrated  circuit 
that  incorporates  most  of  the  timing  and  control 
circuits  of  the  standard  Apple  II;  an  Apple  II  on  a 

chip.  It  addresses  128K  of  RAM  organized  as  64K 
main  and  auxiliary  banks  and  provides  the 

standard  Apple  II  video  display  modes,  both 

text  (40-column  and  80-column)  and  graphics 

(Lo-Res,  Hi-Res,  and  Double  Hi-Res). 

memory:  Locations  within  a  computer  or  other 

electronic  device  that  retain  or  "remember"  data 
as  needed  by  the  microprocessor.  Two  types  of 

memory  are  utilized  in  the  Apple  II  computers: 

random-access  (or  read/wnte)  memory  (RAM), 

and  read-only  memory  (ROM). 

memory  expansion  card:  A  slot  card  that 
contains  additional  RAM  and  ROM  memory,  In 

the  Apple  IlGS,  this  optional  expansion  card  is  to 
be  used  only  in  the  memory  expansion  slot. 

Memory  expansion  cards  for  use  in  the  Apple  He 
are  not  to  be  used  in  this  computer. 

memory  expansion  slot:  The  single  slot 

located  on  the  Apple  IlGS  main  logic  board  that 

accepts  an  Apple  lies  memory  expansion  card. 
Memory  expansion  cards  designed  for  other 

Apple  II  computers  will  not  work  in  this  slot. 

Memory  Manager:  A  program  in  the  Apple  IlGS 
Toolbox  that  manages  memory  use.  The  Memory 

Manager  keeps  track  of  how  much  memory  is 
available,  and  allocates  memory  blocks  to  hold 

program  segments  or  data. 

memory-mapped  I/O:  The  method  used  for 
I/O  operations  in  Apple  II  computers,  where 
certain  memory  locations  are  attached  to  I/O 
devices,  and  I/O  operations  are  just  memory 
load  and  store  instructions. 
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m  flag:  One  of  three  flag  bits  in  the  65C816 

processor  that  programs  use  to  control  the 

processor's  operating  modes.  In  native  mode, 
the  setting  of  the  m  flag  determines  whether  the 
accumulator  is  8  bits  wide  or  16  bits  wide.  See 

also  e  flag,  x  flag. 

microcomputer:  Any  small  computer  whose 
central  processing  element  is  contained  on  a 

single  small  circuit  board  or  within  a  single 
integrated  circuit. 

microprocessor:  The  heart  of  a  microcomputer. 

Usually,  a  single-chip  computer  element  that 
contains  the  control  unit,  central  processing 

circuitry,  and  arithmetic  and  logic  functions  and 

is  suitable  for  use  as  the  central  processing  unit 

of  a  microcomputer  or  a  dedicated  automatic 

control  system.  In  the  Apple  IlGS  computer,  the 

microprocessor  is  the  65C816.  Previous  Apple  II 
computers  utilize  the  6502  and  65C02 

microprocessors.  Some  microprocessors  used  in 
other  computers  are  the  68000,  the  8080,  the  Z80, 
and  the  8086. 

modem:  Acronym  for  modulator-demodulator. 
A  computer  peripheral  device  that  allows 

computers  to  transfer  digital  information  over 

conventional  telephone  lines.  Modems  usually 

connect  to  the  computer's  serial  port,  but  may 
instead  plug  into  a  peripheral  expansion  slot. 

monitor:  See  video  monitor. 

iVIonitor  program:  A  program  built  into  the 

firmware  of  Apple  II  computers,  used  for  directly 
inspecting  or  changing  the  contents  of  main 

memory  and  for  operating  the  computer  at  the 

machine-language  level. 

monochrome:  Displaying  video  in  one  color  and 

the  background  in  another,  frequently  black  and 
white,  but  not  necessarily.  The  Apple  IlGS 
monochrome  default  is  white  characters  on  a 

medium  blue  background. 

MOS:  Acronym  for  metal  oxide  semiconductor,  a 

method  of  semiconductor  integrated-circuit 
fabrication  on  silicon  using  layers  of  silicon 

dioxide  in  the  make-up  of  the  devices.  Compare 
CMOS. 

mouse:  A  small  device  you  move  around  on  a  flat 

surface  next  to  your  computer.  The  mouse 

controls  a  pointer  on  the  screen  whose 

movements  correspond  to  those  of  the  mouse. 

You  use  the  pointer  to  select  operations,  to 
move  data,  and  to  draw  within  graphics 

programs. 
move:  To  change  the  location  of  a  group  of  data 

bytes  in  memory.  The  Memory  Manager  may 
move  blocks  to  consolidate  memory  space. 

native  mode:  The  1 6-bit  operating 
configuration  of  the  65C816  processor. 

NMOS:  One  of  several  methods  of  making 

integrated  circuits  out  of  silicon;  a  metal-oxide 
semiconductor  device  made  on  a  p-type 

substrate  using  n-type  source  and  drain  contacts. 

NTSC:  (1)  Abbreviation  for  National  Television 
Standards  Committee.  The  committee  that 

defined  the  standard  format  used  for 

transmitting  broadcast  video  signals  in  the 
United  States.  (2)  The  standard  video  format 

defined  by  the  NTSC,  also  called  composite  video 
because  it  combines  all  the  video  information, 

including  color,  into  a  single  signal. 

null:  Zero. 
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128K  Apple  II:  Any  standard  Apple  II  with  both 
main  and  auxiliary  64K  banks  of  RAM.  That 

includes  all  models  of  the  Apple  lie  and  some 

models  of  the  Apple  lie,  including  those  with  the 
Extended  80-Column  Text  Card  installed.  The 

Apple  IlGS  is  not  a  128K  Apple  II  in  the  strict 
sense,  even  though  it  includes  both  64K  banks  of 
RAM  and  is  capable  of  running  programs 

designed  for  a  128K  Apple  II. 

opcode:  See  operation  code. 

Open  Apple:  A  modifier  key  on  some  Apple  II 
keyboards.  On  the  Apple  IlGS  keyboard,  the 

equivalent  key  is  called  the  Command  key;  it  is 

marked  with  both  an  Apple  icon  and  a  propeller, 

the  icon  used  on  some  Macintosh  keyboards. 

operand:  (1)  In  assembly  language,  the  part  of  an 
instruction  that  follows  the  operation  code.  The 

operand  is  used  as  a  value  or  an  address,  or  to 

calculate  a  value  or  an  address.  (2)  In  object 
module  format,  an  operation  code  that  is 

followed  by  a  single  value  that  constitutes  part 

of  an  expression.  The  value  following  the 

operand  opcode  is  acted  on  by  an  operator. 

operating  system:  A  general-purpose  program 
that  organizes  the  actions  of  the  various  parts  of 

the  computer  and  its  peripheral  devices.  See  also 
disk  operating  system. 

operation  code:  The  part  of  a  machine-language 
instruction  that  specifies  the  operation  to  be 

performed.  Often  called  opcode. 

operator:  In  object  module  format,  an 

operation  code  that  specifies  an  arithmetic  or 
logical  operation  in  an  expression  to  be 

performed  on  one  or  two  variables  that  precede 

it.  The  variables  acted  on  by  an  operator  are 

identified  by  operand  opcodes  that  precede 
them. 

oscillator:  Traditionally,  an  electronic  circuit 

that  generates  a  constant  or  variable  frequency 

signal.  As  used  in  the  Digital  Oscillator  Chip  in 

the  Apple  IlGS,  the  oscillators  are  actually 
address  generators,  pointing  to  data  bytes  in 
sound  memory. 

page:  (DA  portion  of  memory  256  bytes  long 

and  beginning  at  an  address  that  is  an  even 
multiple  of  256.  Memory  blocks  whose  starting 

addresses  are  an  even  multiple  of  256  are  said  to 

be  page-aligned.  (2)  (Usually  capitalized.)  An 
area  of  main  memory  containing  text  or  graphics 

information  being  displayed  on  the  screen. 

PAL:  Acronym  for  phase  alternating  lines.  A  video 
standard  originated  in  England  and  used  in  other 

European  countries. 

parallel:  ( 1 )  The  simultaneous  occurrence  of 
more  than  one  phenomenon.  (2)  The  connection 

of  a  group  of  wires  for  the  purpose  of 
conducting  bits  of  data  simultaneously,  rather 
than  one  at  a  time  (via  a  serial  connection). 

peripheral  card:  A  removable  printed-circuit 
board  that  plugs  into  one  of  the  seven  I/O 
expansion  slots,  allowing  the  computer  to  use  a 

peripheral  device  or  to  perform  some  subsidiary 

or  peripheral  function.  These  cards  may  be  self- 
contained  (such  as  a  clock  card)  or  an  interface 
card  (such  as  a  disk  interface  card)  with  a  cable 

connecting  the  card  and  the  peripheral. 

peripheral  device:  An  input  or  output  (or 

input/output)  device,  usually  external  to  the 
computer  (but  which  may  reside  on  a  card  in  a 

peripheral-expansion  slot),  that  performs  some 
secondary  function  for  the  computer.  Printers, 
disk  drives,  modems,  and  video  monitors  are 

examples  of  peripheral  devices. 
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peripheral  expansion  slot:  The  seven  slots  at 

the  rear  of  the  main  logic  board  that  will  accept 

most  Apple  II  peripheral  expansion  cards.  Each 
slot  has  50  pins,  which  carry  required  power  and 

signals  to  and  from  the  peripheral  cards. 

phase:  (DA  stage  in  a  periodic  process.  A  point 
in  a  cycle.  For  example,  the  65C816 

microprocessor  uses  a  clock  cycle  consisting  of 

two  phases  called  0O  and  0I.  (2)  The  relationship 

between  two  periodic  signals  or  processes. 

pixel:  Short  for  picture  element.  The  smallest  dot 
you  can  draw  on  the  screen.  Also,  a  location  in 

video  memory  that  corresponds  to  a  point  on 

the  graphics  screen  when  the  viewing  window 

includes  that  location.  In  the  Macintosh  display, 
each  pixel  can  be  either  black  or  white,  so  it  can 

be  represented  by  a  bit;  thus,  the  display  is  said 

to  be  a  bit  map.  In  the  Super  Hi-Res  graphics 
display  on  the  Apple  IlGS,  each  pixel  is 
represented  by  either  two  or  four  bits;  the 

display  is  not  a  bit  map,  but  rather  a  pixel  map. 

pixel  map:  A  set  of  values  that  represents  the 

positions  and  states  of  the  set  of  pixels  making 

up  an  image.  Compare  bit  map. 

pointer:  An  item  of  information  consisting  of 
the  memory  address  of  some  other  item.  For 

example,  the  65C816  stack  register  contains  a 

pointer  to  the  top  of  the  stack. 

pop:  See  pull. 

power  supply:  The  large  metal  box  inside  the 
Apple  IlGS  that  divides  and  conditions  the 

household  current,  supplying  the  voltages 

required  by  the  main  logic  board  and  some 

peripheral  devices. 

ProDOS:  A  family  of  disk  operating  systems 

developed  for  the  Apple  II  family  of  computers. 
ProDOS  stands  for  Professional  Disk  Operating 

System,  and  includes  both  ProDOS  8  and  ProDOS 16. 

ProDOS  8:  A  disk  operating  system  developed 

for  standard  Apple  II  computers.  It  runs  on  6502- 
series  microprocessors.  It  also  runs  on  the 

Apple  IlGS  when  the  65C816  processor  is  in  6502 
emulation  mode. 

ProDOS  16:  A  disk  operating  system  developed 

for  65C816  native  mode  operation  on  the 

Apple  IIGS.  It  is  functionally  similar  to  ProDOS  8 
but  more  powerful. 

programmable  read-only  memory:  A  type  of 
ROM  device  that  is  programmed  after 

fabrication,  unlike  ordinary  ROM  devices,  which 

are  programmed  during  fabrication. 

PROM:  See  programmable  read-only memory. 

protocol:  An  agreed-upon  formal  hardware  or 
software  handshaking  between  two  electronic 

devices  (usually  a  computer  and  a  peripheral  I/O 
device). 

Pull:  To  remove  the  top  entry  from  a  stack,  this 

instruction  moves  the  stack  pointer  to  the  entry 

below  it.  Synonymous  with  pop.  Compare  push. 

Push:  To  place  a  new  entry  at  the  top  of  the 

stack,  this  instruction  moves  the  stack  pointer 
to  the  entry  above  it.  Compare  pull. 

radio  frequency  (RF):  Broadcast  frequency 
over  which  radio  and  television  operate. 

Generally  defined  as  the  radio  spectrum  between 
3  MHz  and  3000  MHz. 
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radio-frequency  modulator:  A  device  used  to 
raise  video  signals  to  a  frequency  that  may  be 

received  and  displayed  by  a  television,  as  a 
substitute  for  a  standard  video  monitor  when 
one  is  not  available. 

RAM:  See  random-access  memory. 

RAM  disk:  A  portion  of  memory  (RAM)  that 

appears  to  the  operating  system  to  be  a  disk 
volume.  Files  in  a  RAM  disk  can  be  accessed 

much  faster  than  the  same  files  on  a  floppy  disk 
or  hard  disk. 

random-access  device:  See  block  device. 

random-access  memory  (RAM):  Volatile 

memory  within  a  computer  or  other  electronic 
device.  Data  are  retained  as  long  as  power  is 

supplied  to  the  memory  chip.  Once  the  power  is 

disconnected,  the  data  are  lost.  Compare  read- 
only memory. 

read-only  memory  (ROM):  Nonvolatile, 

permanent  memory.  ROM  ICs  may  be  written 
once,  usually  in  the  development  of  the 

computer.  Data  are  retained  in  the  memory  even 

after  power  is  disconnected.  Special  ROM  ICs 

allow  you  to  change  the  data  in  them  under 

specific  conditions  such  as  ultraviolet  light 

(EPROMs  [erasable  programmable  read-only 
memory]),  or  high  voltages  (EEPROMs 

[electrically  erasable  programmable  read-only 
memory]).  Normally,  however,  ROM  ICs  are 
written  once. 

read/write  memory:  See  random-access 
memory. 

real-time  clock  (RTC):  A  custom  IC  that,  once 

set,  retains  the  current  time  of  day,  day,  month, 

and  year.  Chapter  7  provides  details  of  the  RTC 
and  other  built-in  I/O  devices. 

RF:  See  radio  frequency. 

RF  modulator:  See  radio-frequency 
modulator. 

RGB:  Abbreviation  for  red,  green,  and  blue.  A 

method  of  displaying  color  video  by 

transmitting  these  three  colors  as  three  separate 

signals.  There  are  two  ways  of  using  RGB  with 

computers:  TTL  RGB,  which  allows  the  color 

signals  to  take  on  only  a  few  discrete  values;  and 

analog  RGB,  which  allows  the  color  signals  to 
take  on  any  values  between  their  upper  and  lower 
limits,  for  a  wide  range  of  colors.  The  Apple  IlGS 

uses  analog  RGB;  connect  only  RGB  monitors 

using  analog  RGB  to  the  RGB  video  connector  at 
the  rear  of  the  computer.  Compare  composite 
video. 

ROM:  See  read-only  memory. 

ROM  disk:  A  feature  of  some  operating  systems 

making  it  possible  to  use  read-only  memory 
(ROM)  as  a  disk  volume.  Often  used  for  making 

applications  permanently  resident.  See  also  RAM 
disk. 

RS-232-C:  A  common  standard  for  serial  data- 
communication  interfaces. 

RS-422:  A  standard  for  serial  data- 
communication  interfaces,  different  from  the 

RS-232  standard  in  its  electrical  characteristics 
and  in  its  use  of  differential  pairs  for  data 

signals.  The  serial  ports  on  the  Apple  IlGS  use  RS- 
422  devices  modified  so  as  to  be  compatible 

with  RS-232-C  devices. 

RTC:  See  read-only  memory. 

SCC:  See  Serial  Communications  Controller. 

schematic  diagram:  A  diagram  using  special 

figures  to  represent  ICs,  logic  functions,  and 
interconnecting  wires,  to  describe  a  circuit. 
Schematic  diagrams  for  the  Apple  IlGS  main  logic 
board  are  located  in  the  Addendum. 
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screen  holes:  Locations  in  the  text  display 

buffer  (text  Page  1)  used  for  temporary  storage 

either  by  I/O  routines  running  in  peripheral-card 
ROM  or  by  firmware  routines  addressed  as  if  they 
were  in  card  ROM.  Text  Page  1  occupies  memory 
from  $0400  to  $07FF;  the  screen  holes  are 

locations  in  that  area  that  are  neither  displayed 

nor  modified  by  the  display  firmware. 

SECAM:  A  French  acronym  meaning  "sequential 

color  with  memory."  A  video  standard 
originating  in  France  and  used  in  the  USSR  and 
other  countries. 

sector:  A  division  of  a  track  on  a  disk.  When  a 

disk  is  formatted,  its  surface  is  divided  into 
tracks  and  sectors. 

semiconductor:  A  class  of  materials  whose 

resistivity  lies  between  that  of  conductors  and 

insulators,  for  example,  germanium  and  silicon. 
Solid-state  electronics  is  based  on  the  use  of 
semiconductors. 

serial:  A  single-wire  connection  for  the  purpose 
of  transferring  bits  of  data  one  at  a  time,  usually 
between  a  computer  and  a  peripheral  device. 

Compare  parallel. 

Serial  Communications  Controller  (SCC):  A 

type  of  communications  IC  used  in  the 

Apple  IlGS.  The  SCC  can  run  synchronous  data 

transmission  protocol  and  thus  transmit  data  at 

faster  rates  than  the  ACIA.  Compare  ACIA. 

serial  port:  The  two  connectors  located  at  the 

back  of  the  Apple  IlGS  main  logic  board  that 

provide  a  means  for  communicating  with 

peripherals  (such  as  printers  and  local  area 
networks)  using  a  serial  interface. 

shadowing:  The  process  whereby  any  changes 

made  to  one  part  of  the  Apple  IlGS  memory  are 

automatically  and  simultaneously  copied  into 

another  part.  When  shadowing  is  on,  information 
written  to  bank  $00  or  $01  is  automatically 

copied  into  equivalent  locations  in  bank  $E0  or 

$E1.  Likewise,  any  changes  to  bank  $E0  or  $E1 
are  immediately  reflected  in  bank  $00  or  $01. 

siUcon:  The  semiconductor  used  in  a  majority  of 

solid-state  electronic  components  and 
integrated  circuits. 

68000:  The  microprocessor  used  in  the 

Macintosh  and  Macintosh  Plus.  The  68000  has  32- 
bit  data  and  address  registers. 

65C816:  The  microprocessor  used  in  the 

Apple  IlGS.  The  65C816  is  a  CMOS  device  with 

l6-bit  data  registers  and  24-bit  address  registers. 

65C02:  A  CMOS  version  of  the  6502;  the 

microprocessor  used  in  the  Apple  lie  and  in  the 
enhanced  Apple  He. 

6502:  The  microprocessor  used  in  the  Apple  II,  in 

the  Apple  II  Plus,  and  in  early  models  of  the 

Apple  lie.  The  6502  is  a  MOS  device  with  8-bit 
data  registers  and  l6-bit  address  registers. 

64k  Apple  II:  Any  standard  Apple  II  that  has  at 
least  64K  of  RAM.  That  includes  the  Apple  lie, 

the  Apple  He,  and  an  Apple  II  or  Apple  II  Plus 
with  48K  of  RAM  and  the  language  card  installed. 

SmartPort:  A  set  of  firmware  routines 

supporting  multiple  block  devices  connected  to 
the  Apple  IlGS  disk  port. 

soft  switch:  A  location  in  memory  that 

produces  some  specific  effect  whenever  its 
contents  are  read  or  written. 
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software:  A  group  of  instructions  to  the 

microprocessor,  instructing  it  to  perform  certain 
functions,  such  as  performing  computations, 

displaying  data  on  a  monitor,  reading  data  from 
and  writing  data  to  a  disk.  The  group  of 
instructions  is  known  collectively  as  a  program. 

Compare  application  program. 

special  memory:  On  an  Apple  IlGS,  all  of  banks 
$00  and  $01,  and  all  display  memory  in  banks  $E0 
and  $E1.  So  called  because  it  is  the  memory 

directly  accessed  by  standard  Apple  11  programs 
running  on  the  Apple  IIGS. 

stack:  A  list  in  which  entries  are  added  (pushed) 

and  removed  (pulled)  at  one  end  only  (the  top  of 

the  stack),  causing  them  to  be  removed  in  last- 
in,  first-out  (LIFO)  order.  The  term  the  stack 
usually  refers  to  the  particular  stack  pointed  to 

by  the  65C8l6's  stack  register. 

stack  register:  A  hardware  register  in  the  65C816 

processor  that  contains  the  address  of  the  top  of 

the  processor's  stack. 

standard  Apple  II:  Any  computer  in  the  Apple  II 

family  except  the  Apple  IlGS.  That  includes  the 

Apple  II,  the  Apple  II  Plus,  the  Apple  He,  and  the 

Apple  lie. 

start  up:  To  get  the  system  running.  Starting  up 
involves  loading  system  software  from  disk,  and 

then  loading  and  running  an  application.  Also 
called  boot. 

Super  Hi-Res:  A  high-resolution  graphics  display 
mode  on  the  Apple  IlGS,  consisting  of  an  array  of 

points  320  wide  by  200  high  with  16  colors  or  640 

wide  by  200  high  with  l6  colors  (with 
restrictions). 

sync  signal:  A  signal  that  exists  for  the  purpose 

of  synchronizing  two  devices.  Frequently 

generated  by  a  video  generator  and  used  by  a 
video  monitor  to  synchronize  the  video  display 

to  the  separate  video  information.  In  the 

Apple  IlGS,  the  sync  signal  is  mixed  with  the 
video  information  resulting  in  the  composite 
video  signal. 

synthesizer:  A  hardware  device  capable  of 

producing  sound  by  creating  it  digitally,  and  then 
converting  it  into  an  analog  waveform  that  you 
can  hear. 

system  disk:  A  disk  that  contains  the  operating 

system  and  other  system  software  needed  to  run 

applications. 
system  software:  The  components  of  a 

computer  system  that  support  application 

programs  by  managing  system  resources  such  as 
memory  and  I/O  devices. 

text  window:  That  portion  of  the  screen  that  is 
reserved  for  text.  After  starting  the  computer, 

the  firmware  uses  the  entire  display  for  text. 

However,  if  you  wish,  you  can  restrict  the  text 
video  activity  to  any  rectangular  portion  of  the 
display. 

tool:  See  tool  set. 

toolbox:  See  "Apple  IlGS  Toolbox." 

tool  set:  A  group  of  related  routines  (usually  in 
firmware),  available  to  applications  and  system 

software,  that  perform  necessary  functions  or 

provide  programming  convenience.  The  Memory 

Manager,  the  System  Loader,  and  QuickDraw  II 
are  tool  sets. 

track:  One  of  a  series  of  concentric  circles  on  a 

disk.  When  a  disk  is  formatted,  its  surface  is 
divided  into  tracks  and  sectors. 
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TTL  RGB:  A  type  of  video  monitor  that  can 

accept  only  a  limited  number  of  digital  values 

and  display  only  a  correspondingly  limited 
number  of  colors.  Stands  for  transistor-transistor 

logic,  red,  green,  blue.  Compare  analog  RGB. 

unbuffered:  A  style  of  input  and  output  that 

does  not  use  a  buffer  for  I/O;  reading  and  writing 
is  done  one  character  at  a  time. 

VBL:  Short  for  vertical  blanking,  an  interrupt 

signal  generated  by  the  video  timing  circuit  each 
time  it  finishes  a  vertical  scan,  60  times  a  second. 

VGC:  See  Video  Graphics  Controller. 

video:  An  electrical  signal  containing 

information  that  may  be  obtained  visually  when 
displayed  on  a  video  monitor.  Information 
organized  or  transmitted  in  video  form.  See  also 
NTSC,  PAL,  SECAM. 

Video  Graphics  Controller  (VGC):  The  custom 

IC  on  the  Apple  IlGS  main  logic  board 

responsible  for  generating  all  video  used  in  the 

Apple  IlGS. 

video  monitor:  A  display  device  that  receives 

video  signals  by  direct  connection  only. 

wavetable:  A  group  of  data  bytes  in  memory 
used  as  data  by  the  DOC  to  generate  sound.  The 

wavetable  is  built  by  using  the  DOC  to  digitize 

an  analog-input  signal  and  placing  the  resulting 
data  bytes  in  sound  RAM  memory. 

word:  A  group  of  bits  that  is  treated  as  a  unit. 

For  the  Apple  IlGS,  a  word  is  16  bits  (2  bytes) 
long. 

write-only  memory:  A  form  of  computer 
memory  into  which  information  can  be  stored 
but  never,  ever  retrieved. 

X  flag:  One  of  three  flag  bits  in  the  65C816 

processor  that  programs  use  to  control  the 

processor's  operating  modes.  In  native  mode, 
the  setting  of  the  x  flag  determines  whether  the 
index  registers  are  8  bits  wide  or  l6  bits  wide. 
See  e  flag,  m  flag. 

XOFF:  A  special  character  (ASCII  value  $11)  used 

for  controlling  the  transfer  of  data  between  a 

microcomputer  and  a  serial  peripheral  device. 

When  one  piece  of  equipment  receives  an  XOFF 
character  from  the  other,  it  stops  transmitting 
characters  until  it  receives  an  XON.  See 

handshaking,  XON. 

XON:  A  special  character  (ASCII  value  $13)  used 

for  controlling  the  transfer  of  data  between  a 

microcomputer  and  a  serial  peripheral  device. 
See  handshaking,  XOFF. 

zero  page:  The  first  page  (256  bytes)  of  memory 
in  a  standard  Apple  II  computer  (or  in  the 

Apple  IlGS  computer  when  running  a  standard 

Apple  II  program).  Because  the  high-order  byte 
of  any  address  in  this  part  of  memory  is  zero, 

only  a  single  byte  is  needed  to  specify  a  zero- 
page  address.  Compare  direct  page. 
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Index 

accumulator  210 

ACIA.  See  asynchronous 
communications  interface 

adapter 
activator  146 

ADB  mouse  147-148 
A/D  Converter  register  109 
addressing  modes  208 
Address  Pointer  registers  104, 105, 

106, 107 

address  wrapping  31 

analog  inputs  (PDLO  through 
PDL3)  167 

annunciator  memory  locations 167 

annunciator  outputs  (ANO 
through  AN3)  166 

Apple  Desktop  Bus  4, 7,  47, 
121-123,166,247 

addresses  136, 137, 144-145 
broadcast  signals  137-139 
collision  detection  146 

Command/Data  register  128, 129 

commands  134-140 
device  handlers  144-145 

device  registers  140-144 
error  conditions  139 

General  Logic  Unit  (GLU) 
127-133 

Keyboard  Data  register  128, 129 

microcontroller  127 

Modifier  Key  register  130 
Mouse  Data  register  130, 131 

moving  addresses  144-145 

peripheral  devices  140-148 
service  request  146 

Status  register  132-133 

Applesoft  BASIC  2 
AppleTalk  47, 159, 183 

Apple  lie  1-3 
Apple  lie  1-3.125 
ASCII  64, 79, 128, 129, 263-267 
asynchronous  communications 

interface  adapter  (ACIA) 
160,180 

Attention/Sync  signal  (ADB)  150 
auxiliary  memory  41^6, 65 

bank  15 

select  switches  44 

B 

background  colors  62,81 
bank  SOO  30, 31, 32-35, 41, 42, 46, 48 
bank  $01  30,31,34,35,41,42,46,48 

bank  $E0  30, 31, 45-48 
bank  $E1  30, 31, 45-48 
bank  switching  36,  38 

auxiliary  memory  43 

bit  cell  (ADB)  133-134 
bits  256-257 
Border  Color  register  81-82, 169, 

170 

border  colors  62, 81-82 
broadcast  signals  (ADB)  137-139 
bus.  See  Apple  Desktop  Bus 

bytes  257 

character  generator  251-253 
character  sets  78-80 ASCII  64, 79 

display  79 

clocks  3, 146 

real-time  3, 58, 82, 169-170 

signals  194-199 
collision  detection  (ADB)  146 

color  fringing  62 

Command/Data  register  128, 129 

compatibility  2-3, 151, 176 
composite  video  connector  7 

connectors  6-7 
Apple  Desktop  Bus  3,  7 
composite  video  7,  70 
disk  drive  7 

disk-port  150-152 

game  7, 164-165 
power  203 RGB  video  7 

serial  port  7 
Control  Panel  3 

control  register  169 

D 

data  bank  register  210 

decimal  numbers  258-260 

demultiplexer  119-120 desk  accessories  47 

desktop  user  interface  244 
device  addresses  (ADB)  144-145 
device  handlers  (ADB)  144-145 

device  registers  140-144 
Digital  Oscillator  Chip  (DOC)  8, 

107-118 
A/D  Converter  register  109 

Frequency  High  and  Frequency 
Low  registers  113 

Oscillator  Control  registers 

111,112 
Oscillator  Data  registers  111 
Oscillator  Enable  register  108 
Oscillator  Interrupt  register 

108-109 

register  addresses  110 
Volume  registers  111 
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Digital  Oscillator  Chip  (continued) 
Wavetable  Pointer  registers 115 

Wavetable  Size  registers  114, 
116 

digital-to-analog  converter  115 
direct  memory  access  15, 176, 

198-199 

cards  177-178 
daisy  chain  180,194 

direct  page  32,42,48 
Direct  register  214 
disk  150-159 

disk-port  connector  151-152 
Disk  II  23-24 
Handshake  register  158 

Interface  register  152-153 
Mode  register  155-156 

port  7, 149, 150-159 
read/write  Data  register 

158-159 

Status  register  157 

display  buffers  18-19, 20-22, 46-47 
Double  Hi-Res  graphics  90-91 
Super  Hi-Res  graphics  90-91 

display  mode  switching  72-74 

display  pages  71-77 
Hi-Res  76 
text  48 

dithering  98, 99 

DOC.  5ee  Digital  Oscillator  Chip 
DuoDisk  151 

duty-cycle  modulation  (ADB) 
133-134 

80-column  text  display  41, 63, 64, 
66,71,76,75^80 

emulation  mode  32,  207, 208, 209, 

210-211 

Fast  Processor  Interface  (FPI)  8, 
11,14,176 

firmware  47,  243 
Flush  command  134, 136, 137 

40-column  text  display  6l,  63, 64, 
65,71,72,75,76-77,78,80 

Frequency  High  and  Frequency 
Low  registers  (DOC)  113 

game  I/O  165-168 

port,  165 
ghost  addresses  52 
Global  Reset  command  138 

graphics  84-99 Color-Fill  89, 92, 98 

Double  Hi-Res  35,41,47,48,65, 

69,71,76,87,88 
Hi-Res  20-21,35,47,48,64,68, 

71,72,75,84,85-87 
Lo-Res  34,61,64,67,71,72,75, 

76,84-85 
monochrome  84-85 
monochrome/color  register 82-«3 

Super  Hi-Res  20-21,41,47,63, 
76,89,99 

H 

hand  controls  7, 164, 166-167 
Handshake  register  158 

hexadecimal  numbers  258-260 

I 

input  buffer  33 
instructions,  assembly  language 207 

Integrated  Woz  Machine  (IWM) 15H59 

states  155 

intenupts  58-61, 127, 195-194 
daisy  chains  174, 194 
oscillator  109,112 

scan-line  58, 89, 92-94 

I/O  8, 19, 24-25, 177-181 
memory  locations  l68 

I/O  expansion  slots  171-199 
cards  for  slot  3  193 

direct  memory  access  (DMA) 

177-178 

expansion  ROM  space  185-186 
expansion  slot  signals  174-175 
I/O  cards  177 

I/O  memory  space  191-193 

loading  180-181 

peripheral-card  I/O  space  184 
peripheral-card  RAM  space 

187 

peripheral-card  ROM  space 184-185 
RAM  190 

slot  number  188 

IWM.  See  Integrated  Woz 
Machine 

joystick  3, 6, 7, 164 

K 

keyboard  3, 125-126, 247-250 
Keyboard  Data  register  128, 129 

keyboard  strobe  125-126 

language  card  19, 20, 35-39, 42-43, 
48,194 

bank  select  switches  36-39 
Listen  command  (ADB)  137, 140 

M 

main  logic  board  5 
main  memory  65 

Mega  II  8,11,12,13,14,15,16,56, 176 

memory  8, 13 

allocation  16, 17 
auxiliary  4lA5, 65 

auxiliary  banks  48 

banks  29-31 
bank  switching  36 

built-in  29-49 

expansion  ROM  space  31, 

185-186 

I/O  memory  space  191-193 

language  card  42 main  65 

main  bank  48 

map  29-30 Memory  Manager  31,47 

peripheral-card  183-187 
peripheral-card  ROM  space 184-185 

RAM  2,3,8,9,12,13,14,24,28, 

29,30,3^36,38,127 
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refresh  24 

reserved  pages  32-35 
ROM  3, 8, 9, 12, 13, 14, 37, 38, 39, 

127, 191, 192-193 
shadowing  15, 18-24, 49 

memory  expansion  49-54 
caid  29, 31 

expansion  signals  50, 51 

expansion  slot  29, 49, 50-51, 
173-175 

extended  RAM  51-52 

extended  RAM  mapping  52-54 
extended  ROM  52 

Memory  Manager  31,47 

microcontroller  121, 122, 126-127 
microprocessor  2, 3, 5, 8, 183, 188 
modem  159, 183 

Mode  register  155-156 
Modifier  Key  register  130 
modifier  keys  126 
Monitor  firmware  3,  32, 47, 194 

Monochrome/Color  register  82-83 
monochrome  monitors  62 

Mouse  Data  register  130, 131, 132 
MouseText  64, 78,  253 

multiplexer  109 

N 

native  mode  32,208,209,210,211 

negative-decimal  numbers 
259-260 

New-Video  register  16, 89-91 
n-key  rollover  125 
NTSC  video  14,63,70,86,87 

O 

1MB  Apple  IIGS,  additional 
features  4 

keyboard  147 

power-on  status  22,  23 
RAM  24, 29-31, 49, 53, 54 
ROM  30-32, 49, 52 
toobox  4 

opcodes  208, 228, 235 

operating  speed  215 
operating  systems  245 

oscillator  115, 117-118 
Control  registers  111,112 

Data  registers  111 
Enable  register  108 

Interrupt  register  107, 108-109 
interrupts  111,  112 

P,Q 

packet  133 
palette  92, 94-97, 98, 99 

peripheral  cards  6, 187-188 
addressing  188-189 
I/O  base  addresses  189-190 
RAM  memory  locations  187 

peripheral  expansion  slots  6 
peripheral  identification  numbers 

261-262 

peripheral  interface  adapters 
(PIAs)  180 

pixels  85-89,95-97, 98 
power  connector  203 
printer  159, 183 
ProDOS  151, 245 

program  bank  register  209,  214 

program  counter  214 
Program  Status  register  211-213 

R 

radio-frequency  video  modulator 

63 

RAM  memory.  See  memory 

read/ write  Data  register  158-159 
real-time  clock  3,58,82,169-170 

reserved  pages  32-35 
Reset  signal  138 
RGB  monitor  62, 63 
RGB  video  9,70 

connector  7, 63, 70 

ROM  memory.  See  memory 

scan  line  58,92-93 
control  bytes  92,  94 

Screen  Color  register  81 
screen  holes  34, 49, 187 
Send  Reset  command  137 

Serial  Communications  Controller 

(SCO  chip  160-164 
Command  register  I6I-I63 

data  register  I6I-I63 
serial  port  7,9,155^164,183 
service  request  (ADB)  146 

Service  Request  signal  138-139 
shadowing  15, 18-24, 49 

shadow  register  19-22 
6502  2, 3, 207-208, 209, 210 
65C816  2,3,8,11,12,176,178, 

205-238 

emulation  mode  207-208, 
210-213, 214-215 

native  mode  208-209,210-211 

65C02  207-208 
Slot  register  181-183 
slots  5-6, 171-199 

memory  expansion  29, 49, 51 
SmartPort  151 

soft  switches  13,38  43,45,72-74, 
154-155, 168, 191-193 

auxiliary-memory  43,45 

display  72-74 sound  101-102, 115, 117-120 
address  calculation  117 

data  register  105,  IO6, 107 

stereo  119-120 
Sound  Control  register  104-105, 

106, 107 

Sound  GLU  104-107 

registers  104 
sound  synthesizer  8 
speaker  103, 107 

speed  register  22-24 stack  33, 48, 211 overflow  33 

stack  page  43 

stack  pointer  211 start  bit  135 

state  register  39-40 
Status  register  132-133, 157 
stereo  sound  119-120 
sticky  keys  4, 147 
stop  bit  135 
switch  inputs  (SWO  through  SW3) 

166,168 

system  software   43 
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Talk  command  (ADB)  134, 136, 

137, 140 
text  colors  62,81 

text  displays  78-83 
color  text  81-83 
80-column  41, 61, 63-64, 65, 66, 

71,73,75,76,77,78,80 

40<olumn  6l,  63-64, 65, 71, 72, 
75,7^77,7^^ 

text  Page  1  71 
text  Page  2  71 
text  window  76-77 

memory  locations  77 
toolbox  244 

transactions  133, 134-135 
2-key  lockout  125 

U 

UniDisk  151 

V 

video  7, 56 

Apple  II  62-64 
background  colors  62,  81 

border  colors  62, 81-82 
connector  70 

display  63 

display  modes  6l 

display  pages  71-77 Double  Hi-Res  64 
Hi-Res  64 

Low-Res  64 
monochrome  63,65 
NTSC  70 
RAM  57 

RGB  70 

text  colors  62, 81 
video  buffer  95, 176 

video  buffers  102, 176 

video  displays  61-62 
Apple  II  specifications  64 
locations  72 

mixed-mode  64 

Video  Graphics  Controller  8,  56-61, 

89 

interrupts  58-61 
Interrupt-Clear  register  60-61 
Interrupt  register  59-60 

video  monitor  7 

composite  63 RGB  62, 63 

voltage  202 

Volume  registers  111 

W 

wavetable  104, 108, 113, 114, 115 

Wavetable  Pointer  registers  115, 116 

Wavetable  Size  registers  113,114, 116 

X  Index  register  210,211-212,214 

Y  Index  register  210,211-212,214 

zero  page  32,' 
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Addendum   Schematic  Diagrams 

This  Addendum  contains  schematic  diagrams  for  the  main  circuit  board 

of  the  original  Apple  IIGS  and  the  1  MB  Apple  IlGS. 
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Apple  Computer,  Inc.     Written  and  produced  by  the  Developer  Technical  Publications  group  at  Apple  Computer,  this 
reference  is  for  software  developers  and  hardware  developers  creating  products  for  the  Apple 
IlGS  and  the  1MB  Apple  IIGS. 

The  Apple  lies  Hardware  Reference,  second  edition,  provides  an  extensive  description  of  all 

aspects  of  internal  operation  and  presents  the  latest  information  on  the  machine's  hardware- 
including  the  interface  requirements  of  input  devices,  video  display,  disk  drives,  and  serial  ports. 
This  information  is  essential  to  the  hardware  designers  and  programmers  writing  drivers  for 
peripheral  devices.  The  Apple  Has  Hardware  Reference  is  the  definitive  reference  for  these 
particular  Apple  11  computers. 

The  manual  describes 

•  the  architecture  of  both  the  Apple  IIgs  and  1  MB  Apple  IIgs  computers 

•  memory  organization,  including  standard  RAM  (256K  in  the  Apple  lies  and  1  MB  in  the 
1  MB  Apple  IIgs),  standard  ROM  (128K  in  the  Apple  IIgs  and  256K  in  the  1  MB  Apple  IIgs, 
and  up  to  8  MB  of  expansion  RAM 

•  the  video  display  modes,  including  Super  Hi-Res  graphics  mode 

•  the  sound  capabilities  of  the  computers,  including  the  15-voice  synthesizer 

•  the  Apple  Desktop  Bus^"  for  connecting  keyboards  and  other  input  devices  (including  the 
new  keyboard  mouse  and  .sticky  keys  support  for  disabled  users) 

•  the  built-in  input/output  ports  and  real-time  clock 

•  the  seven  input/output  expansion  slots  for  connecting  peripheral  devices,  including  timing 
parameters  and  diagrams 

•  the  sixteen-bit  6SC816  microprocessor 

The  appendixes  contain  supplemental-)'  tables  and  frequendy  used  information  about  the  Apple 
IIgs  computers.  Also  included  is  an  addendum  containing  schematic  diagrams  for  both  versions 
of  the  computer. 

Printed  in  U.S.A. 

Apple  Computer,  Inc. 
20525  Mariani  Avenue 

Cupertino,  California  95014 
408  996  1010 

TLX  ni  576 

Addison- Wesley  Publishing  Company,  Inc. 

52695 

9  78020r'523898 

ISBN    D-SDl-SS3in-E 


