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Processor

Memory

Cartridge

Video

Sound

Graphics

Joysticks

Options

Panther features

16 MHz 68000, 1.4 MIPS!

32 KBytes fast static-RAM

64 KBytes ROM on-board

8 KBytes Sound RAM

Up to 6 Mbytes (48 Mbits)

320 x 240 pixels (programmable) non-interlaced
32 colours/line

7,680 colours/screen

Palette of 262,144 colours

RF, RGB and S-VHS outputs
Genlock option

8 MIPs, 29 bit Digital signal processor
16 bit, stereo PCM sound

25 wvoices, each with independent volume, eny
4 pole digital filter, frequency control and par

8K Bytes PCM RAM
Twin, stereo headphone sockets
32MHz, 32 bit, object oriented, graphics process

About 2,000 sprites can be displayed (4
manipulated) simultaneously .

Object processor provides hardware scrollirn

horizontally and vertically. Hardware scalirn

(zoom and shrink) horizontally and vertically
DMA.

Run-length-decoding in hardware

Fast hardware addition, for object manipulation
Pixel-programmable interrupts

Two, multi-function joystick ports

X-Y controller, 3 fire button, 12 key joystick
standard

Paddles, lightgun, infra-red remote control
CD-ROM, Modem, Genlock, Comlynx interface
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I

Overview

Fhis document do ribes the display sub-system ol Panther, o high perform
machine based on the Motorola 68000 microprocessor. This document doe
the sound processor or the 1/O capabilities.

The displav is gencrated by an object list processor. For cach display lig
objects -cecuted by this processor and used to build thut display
internal builer.  The objects in the list may specily bit-map images or
cncoded rmages.  Other objects in the list provide a varicty ol usclul
This mechanism allows a ‘sprite’ bascd display to be gencrated, with ¢
[fexibility. The object list processor can also perform hardware zooming
data.

The number of sprites is limited only by the number of objects that can b
in one video line. To enhance the performance of the object list pro

system contains 32-bit wide [ast static RAM, from which the object list
the object list processor.

IT. Object List Processor

A. Overview

Everything visible on the screen, with the exception of the border, is
Objects are of variable size and have a data format described by an obj
Each object on the screen has a unique object header, although two or m
may share the same data. The object header also specifies the position of
and an offset into the colour palette.

The display is built into the line buffer, on a linc-by-linc basis, by the
processor.  Each line is built while the previous line is being display
building process must be completed during one display linc.

The object list processor acquires the bus and starts exccuting
the address civen by the OLP register automatically. It
objects from the list until an mterrupt object is exccuted.

the obje

will continuc

Object headers are a whole number of longwords in length and are st
object list, which must lie in 32-bit RAM on a longword boundary.
painted in the order they appecar in the object list. The first object th
the lowest priority (usually the background), and the last object has
priority.  The object headers form a linked list, with a link address poin
next object, with the cxception of the memory move objects which ar
sequentially as they contain no link (for faster execution). A branch obje
no action other than to provide a link address.

The first object header in the object list (OL) is pointed (o by
pointer register (OLPY in the object list processor.
spectfies the olfset in longwords into RAM. That is:

the
This register is wor
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OL address = OLP = 4

fnaddition 1o objects used 1o display data,
used to manipulate data in memory in a way that is Sy
These mav be used for such tasks as modifyving the object list itself. fof
to the sound controller, or changing the paletie.

B. Objects
Objects are specified by object headers. ' The first bvie of the header
object tvpe. The mceaning of the remaining bits depends on the object
Objects are made up from one

boundaries.
longwords.

or more longwords, which must lie

The diagrams below show how the data is arranged

. Scaled bit-mapped object (0x01 - 0x7F)

there ure special objeets |which can be
nchronized with the display.

moving data

speciflies the
vpe.

on longword
within these

]31 24 23 16 15 8'7 0
type 0x01-0x7¥F| Y position Y size l? depth
Y scale unused link
data width drawn width X position
palette data address R

Object type is a byte specifying the type of object, 0x20 for bit-m

with no scaling (see discussion below).

apped object

Y position iIs a byte in the range 0-199 specifying the top line of the object
(register VDB specifics where line zero falls).

Y size is an ecight bit integer with a five bit fraction, which |specifics the
‘data height’ of the object. This is decremented by Y scale on cvery
display line, and must be initialised cvery ficld.  When this 1s
decremented past zero (he value zero is written back (o the object,
and this indicates that the object data has been cexhausted.

? 1s an unused bi(.

Depth 1S a two bit ficld which specifies the number of data bits per pixel.
0=1bit,1=2 bits, 2 = 4 bits, 3 = 8 bis.

Y scale is a five bit integer with a five bit fraction which determines the
vertical scaling.  The data address is advanced by Y scale data lines
for cvery one display line.  This number is (he reciprocal of the
horizontal scaling lactor (in the object type).

Link is the 22 bit address of the next object to be processed. Objeets are
altgned 1o longwords.

Palcue

Data address
R
Data widih

1s the full 23 bit word address of (he object data.
is a bit specilying if the object should be retlected in X
s 10 bit field which spectlies the offset in words (o (
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ol the next line,
Drawn width  is o 10 bit number specifving the number of words off pixel data to
be drawn.  This may bhe less than the data width where the soltware
wishes to accelerate clipping.
X position s a 12 bit ficld specifying the signed starting olfsel into the line
buflfer (-2048 (0 2047 10 allow clipping).

The data is stored in packed lormat where the N most significant bils of the word
are the first pixel. The next N bits are the sccond pixel and so on. |N has a value
ol 1,2, 4, or 8 and is specificed by the depth field. Note that only the least
significant 5 bits will be used in 8 bit mode. For compatibility with {iiture machines
the upper three bits should be zero.

Bil-map data in thirty-two bit memory (RAM) must be long aliened, and must have a

width which is an cven number of words. In sixtcen bit memory (ROM) the data
should be word aligned.

A data value of zero is always interpreted as transparent and will not modifv the
line buffer. Data values other than zero will be added to the value|of the palette
ficld, and will replace the appropriate pixels of the line buffer.

The display processor’s procedurc for handling a bit-mapped object is:

Fetch data address

Current X = X position
loop: DATA = bit N of data

Increment N

If DATA !'=0 then Line buffer[Current X] = DATA + Palette

Increment Current X (or Decrement if reflected)

If all data is used then goto done

If Not Reflected

If Current X <= 319 then goto loop
Else

If 0 <= Current X then goto loop

done: Compute new data address
Compute new Y size
Write back to object
Process next Object

The new data address is computed as follows:

1) Add the data width to the data address N times where N is the integer part of
the Y scaling lactor.

1) Subtract the Y scaling factor from the Y size, and if there is a [borrow out of
the fractional part, then add the data width to the data address once more.

Note that the data address in the object header is modified o point o the start of

the next data line. Since the data address and Y sive are bemng modiflied during the

display, they should be reset at the end of the frame. This can be dode by the CPU
or by onc of the special data manipulating objects.

Atart Corporation -5 - 31 Julv, 1990




Nodirection scaling s specilied in the object type. Bits 6-0 provide .

7 bit scule
tactor. The deceimal

point is after bit 5. Thus, 0x20 is 1. 0x01 1s 1/32nd, 0x00 is 3.
cte. Scaling is accomplished by dropping or repeating pixels as approprigte.

Rellected objects behave just like unreflected ones except that the datalis placed in
the line butfer starting at the X position and moving o the lelt ingtead of (he
right.  The net result is that the object is reflected in X and the| X position
spectflies the right side of the object instead of the left

2. Run length object (0x00)

31 24 23 16 15 8’7 0
type 0x00 Y position Y size Bidepth
Y scale unused link
unused X position
palette data address R

This object is similar to the bit-mapped object, the differences being that therc are
no width fields, the data format is different, and there is an additional flag bit - B.

The run length data is a word count specifying the number of words| in the run
(including the count itself), followed by the data which consists of words containing
colour/length pairs. Note that in thirty-two bit memory the run count is contained
in the top word of a longword whose botiom word is unused, and that the run data

must be on a longword boundary. In sixteen bit memory the count is just one word,
and word alignment is required.

Each run item is a word with the more significant byte containing the width of the
run (0-255), and the less significant byte containing the colour. In th rty-two bit
memory the word at the lower address in the longword is exccuted first.

The Y scale should be given the value 1.0 unless all runs are the same length, in
which case it can be used for vertical scaling.

Bit B will cause the run to be cxpanded from the end of the run to the [ront. This

feature can be used to prevent the object processor wasting cycles expanding runs
which do not fail on the screen.

3. Load palette object (0x80)

31 24 23 16 15 8 7 0
|

type 0x80 Y position unused otffset

count data address
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Y position is a byte in the range 0-190 spectfying the line of dis

the command 1s exccuted. A position ol 255 will cause
to be exceuted every line.

Offset
starts.

Duata address

When this object is encountered the display processor will ‘remember’ &
the next Hsync will copy count byvtes from the data address to the N
offset bytes into the palette. Placing this object anywhere in the «
cause the new palette to be in effect for the line in which this objd
The data address is a 24 bit byte address.

The palette can be reloaded during the line using onc of the foll
objects.  However, cvcle counting will have to be done to determi
reload will happen (i.c. there is no hardware support to aid in reloadi

at a particular pixel), and there is a potential for causing flicker
currently being displayed is changed.

4. Branch object (0x81)

play on which
the command

is the number of bytes from the palctte base at which the transfer

is the full 24 bit address of the first byte to be transferped.

bout it and at
alette starting
bject list will
ct is cnabled.

owing special
ne where the
ng the palette
if the colour

31 24 23 16 15 8 7 0
!
type 0x81 Y position unused
unused link
Y position 1s a byte in the range 0-199 specifying the line of display on which
the branch command is exccuted. A position of 255 will cause the
command to be executed every line.
Link

is the address of a longword containing the object to b
if the command is executed.

The branch object directs the object processor to the object at the |
the Y position matches the current line.
following object in memory.

5. Move Longword to Memory Immediate (0xEQ)
6. Move Word to Memory Immediate (0xD0)
7. Move Byte to Memory Immediate (0xC0)

31 24 23 16 15 8 7
] !

e branched to

nk address if

Otherwise cxccution continues with the

type 0OxEQ Destination address

|
’ Longword data

{ktype 0xDO Destination address
l

T
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| unused ! word data :
| | |
L

; \

| type 0xCO | Destination address

i !

E ) 4

| unused Byte data

l

These objeets cause the Longword, Word or Byte daw specificd in the o
to be written to the destination address.

8. Add Longword to Memory Immediate (OxED)
Y. Add Word to Memory Immediate (0xD1)
10. Add Byte to Memory Immediate (0xC1)

31 24 23 16 15 8 7
| |

byect header

type OxE1 Destination address

Longword data

type 0xD1 Destination address
unused Word data
type 0xC1 Destination address
unused

Byte data

These objects cause the Longword, Word or Byte data specified in the g
to be added to the destination address.

11. Move Longword to Memory Indirect (OxE8-0xEF)
12. Move Word to Memory Indirect (0xD8-0xDF)
13. Move Byte to Memory Indirect (0xC8-0xCF)

bject header

31 24 23 16 15 8 7 0
! |

type Destination address

Count Source address

When the display processor encounters his object 1t will
words or bytes from the source address (o the destination address.

I bit 2 in the type byte is sct the source address will be increased (in
display processor, not in the object header) by the size of the data |
(e. T Tor bytes, 2 for words and 4 for longs).

Atart Corporation - 8
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mcreased according to the  value of bits 1 and 0 (00 adds 0, 01 adds 1. 10

and 11 adds 4). Nowe that the destination increment should cither be zero

areater than or cqual to the sive of the daa being transferred.
4. Interrupt Display Processing (0xFO-0xF7)

31

3 24 23 16 15 8 7

idds 2

or be

; type 0xF0-0xF7| Y position Vector unused

These objects terminate the display list

for the next line will start automatically). The interrupt level is given by th
Level zero does nol cause an interrupt.  Levels 2 and 6 are used by the
imterrupt and the external interrupt, and should not be uscd.

Vector specifies which vector is supplied to the 68000 when it acknowlcdg
interrupt.  If this interrupt conflicts with another pending interrupt of thg
level, then this interrupt will be serviced [irst.

1. Programmable Display Generator

processing for the current line (processing

type.
video

cs the
same

The programmable display generator produces all display related timing. It alloiws the

programmer to select NTSC or PAL,

the absolute screen position, and numper of

active lines per screen.  All of these parameters can be modified on a frame by

frame basis if desired.

The display generator has two timing generators, horizontal and vertical. E
controlled by a set of registers giving Period, Sync Start, Border Start, Border
Display Start, and Display Stop. The table below shows the gives recomm
values for NTSC and PAL. Horizontal times arc specified in pixels and vertica
arc specified in lines. They must be set to the correct value for either NT
PAL in order for ordinary television sets to operate properly. Note that there
horizontal display end register, the display width is fixed (at 320 pixels).

A one bit register (SMODE) allows the programmer to find out the television

for which the machine is configured (0=NTSC, 1=PAL).

Display values|Horizontal Vertical

name|NTSC|PAL name | NTSC| PAL
Period HP 480 {480 VP 260 312
Sync start HS 450 |450 A4S 240 |292
Border Start HBB | 420 |420 VBB | 235 |287
Border Stop HBE |30 30 VBE |5 5
Display Start |HDB |90 90 VDB |25 25
Display Stop VDE [1023]1023
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T

he above horizontal parameters
tuble assumes to be 30MHy.

When the machine is powered up, the g
processor are disabled.

to VIDEN.

Bit zero of VIDEN controls sync and
background colour while this is disabled.

The display start registers (HDB and VDB) serve several purposes:

- They indicate the beginning of the active portion of the screen.

- They arc the base count from which
- They initiate display processing.

On each line starting with VDB and ending with the line before VDE, w

the object list processor will take contro

this happens the current line buffer is loa
the shifter to be sent to the display, and the line buffer may be initialised

value in the BINIT register if the most significant bit of the BINIT register
the most significant bit is cleared, then the next line will be built on tog

internal counter reaches HDB,
machine, disabling the CPU. As

existing line.

The object list processor will build the line buffer for the next line to be d

This me

When it f{inishes with the object list the CPU will regain control.
the object list must be able to be handled in one scan line.

An interrupt is provided to help in synchronizing the CPU and display.
rrupt on any pixel of the screen (visible

provides a level 2 auto- vectored inte

This interrupt is controlled by the horizontal and v

while the CPU is hung by the displ
until the display processor finishes.
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The display gencrator should be ‘set up for thg
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following sections) and then the video subsystem should be cnabled by writi

display processing (I=cnable). Bit on
used to disable the object list processing (l=cnable), the screen will dis

actual screen positions are measure

ertical interrupt registers
VI). HI and VI are specified in number of pixels and number of lines

(signed) to the start of the screen.  These registers may be reloaded du
frame to produce several interrupts.  One note of caution. If the interrupt

ay processor, the interrupt will not be
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V. Colour Palette

The

colour palette  provides the

mapping  between  the bie
representation and the 6 bit red. 6 bit green and 6 bit blue colour outp
in the paletie corresponds to an internal data value of zero.

an internal data value of I, and so on.

3

Entry 1 ¢
There are 32 entrics in the colou

Because data of value zero is considered transparent by the object list
1s never written into the line buffer by the object list processor. A ze
can only be output under three circumslances:

The border is zero.
The display processor can be set up to initialize the line buffer t

register BINIT, and no objects are written over it.
The CPU can write zero to the line buffer.

The palette entries are arranged as a byte of cach red, green and blu
lower six bits of cach byte are used. For compatibility with future
upper two bits should be zero. The three bytes are arranged as the mo
three bytes of a longword.

Entry 0 is at the palette base address (PAL

nternal  data
uts. Entry ¢
yrresponds Lo
r palette.

processor, 11
ro data value

b z€ro, using

c. Only the
products the
st significant
ETTE) with

entry 1 at next longword, then entry 2 and so on. Only byte cycles may be
performed on the palette.
MSB LSB
PALETTE Unused Red Green Blue Entry 0
PALETTE + 4 Unused Red Green Blue Entry 1
| ]
PALETTE + 124 Unused Red Green Blue—J Entry 31
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V. Memory Mup

AL Overview

000000-000007

000000-017FFF
018000-7FFFFF
800000-8FFFFF
900000-9FFFFF
AOO000-FF7FFF
FFB8000-FFFFFF

B. Registers

FF9200
FF9200

XXXX

FFB00OO - FFBOFF

FFC012
FFC020

XXXX
x000

FFCO30
FECO32
FFC034
FFC036

FFC038
FFCO3A
FFCO3C
FFCO3E

FFCOFO

FFC100
FFC102
FFC104
FFC106
FFC108
FFC10A
FFC10C
FFCI10E R
FFC110
EFCi12
FFC114
FFC116
FFC118

Atari Corpora

Reset vector

HMaps

onto

800000-800007

accesses only
Internal RaM

External RAM (Potential)
Cartridge ROM 1 - bootstrap
Cartridge ROM 2
Cartridge ROM (Potential)
Devices
XXXX XXXX XXXX ro JOY
TTT- XXXX XXXX  wo  JOY
XXXX XXXX XXXX rw OLP
0000 000x xxxx rw BINIT
TTT= XXXX XXXX ro PADOX
TTTT XXXX XXXX ro PADOY
TTT- XXXX XXXX ro PADIX
TT-= XXXX XXXX ro PAD1Y
TTXX XXXX XXXX ro LPOX
TTXX XXXX XXXX ro LPOY
TTXX XXXX XXXX ro LPIX
TTXX XXXX XXXX ro LP1Yy
i X ro SMODE
TTXX XXXX XXXX rw VP
TTXX XXXX XXXX rw VS
TTXX XXXX XXXX rw VBB
TTXX XXXX XXXX rw VBE
—TXX XXXX XXXX rw VDB
T-XX XXXX XXXX rw VDE
TTXX XXXX XXXX rw VI
TTXX XXXX XXXX ro VCP
XX XXXX XXXX rw HP
TTXX XXXX XXXX rw HS
TTXX XXXX XXXX Trw HBB
TTXX XXXX XXXX rw HBE
“TXX XXXX XXXX rw HDB
tion - 12

May be accessed in supervisor

on

supervisg

T program

mode only,

user mode accesses cause bus error.

Joystick inputs
Joystick outputs

Sound generatg

Object 1lis

Line buffer in

Paddle
Paddle
Paddle
Paddle

[ e N )
[ -

Light Pen
Light Pen
Light Pen
Light Pen

Display config

Vertical
Vertical s
Vertical
Vertical
Vertical 4
Vertical
Vertical i
Vertical ¢

Horizontal
Horizontal
Horizontal
Horizontal
Horizontal

blank
blank

t pointer

ition
ition
ition
ition

g
[¢]

BB oI e}
o O
n t

e}

position
position
position
position

- 0o .
T

period

start
start
stop
isplay start

ync

display stop

nterrupt

urrent position

peripod

sync start
blank start
blank stop
display start

DI registers

1itial value

uration mode

1
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FFC11C
FFC11E
FFC120

FFC122
FFC124
FFC126
FFC128

STXX OXXXX XXXX
STXX XXXX XXXX
---- 0000 00xx

r'w
ro
r'w

r'w
ro

ro

HI
HCP
VIDEN

TEST!
TEST2
TEST3
TEST4

Horizontal int
Horizontal cur
Video enable

Manufacturing test
Manufacturing test
Manufacturing test
Manufacturing test

The palette and line bulfer locations may only be accessed in byte wide cycles.

FFDOO1
FFD0O02
FFDOO3

FFDOO5
FFD0O6
FFDOO7

FFDO7D
FFDO7E
FFDO7F

FFEQOQO

FFEQO1
FFE002

FFE139

00xx
00xx
00xx

00xx
00xx
00xx

00xx
00xx
00xx

000x

000x
000x

000x
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XXXX
XXXX
XXXX

XXXX
XXXX
XXXX

XXXX
XXXX
XXXX

XXXX

XXXX
XXXX

XXXX

I'w
'w
r'w

I'w
r'w
I'w

r'w
r'w
'w

WO

WO
WO

WO

PALETTE

LBUF

Palette
Palette
Palette

Palette
Palette
Palette

Palette
Palette
Palette

Entry
Entry
Entry

Entry
Entry
Entry

Entry
Entry
Entry

Line buffer - 0
Line buffer - 1
Line buffer - 2

0
0
0

31
31
31

Line buffer - 319

Red
Green
Blue

Red
Green
Blue

- Red
- Green
- Blue
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