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Personal background
(aka Moore’s Law)

Soldered a ZX 81 together in 1984 (1k RAM)

Got an Atari 800 XL in 1986 (64k RAM)

Got an Amiga 500 in 1989 (512k RAM)
Got an Amiga 1200 in 1992 (2MB RAM)
Got a PC in 1995 (8 MB RAM)

Got a Book on the Atari VCS from 1977 in 2009
Gota VCS In 2010
Work in HANA System in 2014 (100+TB RAM)



Personal baciizround
(aka Moora = Law)

Soldered a ZX 81 togathar in 1924 (1k RAM)

Got an Atari 200 XL 111 1986 (54k RAM)

Got an Anue 500 In 198 (512k RAM)
Got An Anii2a 1200 11 2992 (2MB RAM)
Gota FZ In 1995 13 M3 RAM)

Got a Book on the Atari VCS *7on. 1977 in 2009
Gota VCS In 2010
Work in HANA System in 2ul4 (100+TB RAM)



What is it?

(and how could that work?)



Atari’s Rise in Game History

Founded 1972 by Nolan Bushnell and Ted Dabney
"Pong" (1972) and "Tank" (1974) were arcade hits
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Atari’s Rise in Game History

Founded 1972 by Nolan Bushnell and Ted Dabney
"Pong" (1972) and "Tank" (1974) were arcade hits

Image courtesy of Wikipedia, public domain



Atari’s Rise in Game History

Atari's first home release was "Home Pong"

In 1975, Atari decided to produce a home game
console based on a programmable design code
named “Stella”

Primary goal: Make lots, lots, lots of money
- Sell lots of consoles (CPU,I/O,TV,RAM)
- Sell many game cartridges per console (ROM)

Primary issue: Cost of console parts ($200 limit)
Primary design principle: Save cost for console
Produced until 1992 (15 years), 30 mio. units sold



Revision Overview (1)

6 switch model, wood design, heavy (1977)

Image courtesy of retrogamescollector.com, used by permission



Revision Overview (2)

6 switch model, wood design (1978, PAL also)

Image courtesy of www.ccmuseum.de, used by permission



Revision Overview (3)

4 switch model, black design (1982)

- nick named
7 "Darth
Vader"

Image courtesy of Ewan-Alan, Wikipedia, public domain



Revision Overview (4)

Atari 2600 Jr (1984)

Image courtesy of Ewan-Alan, Wikipedia, public domain



Hardware block diagram

Atari 2600 ROM Module

- 4k addressable memory

- game code
- kernel code
- graphics

Input Devices
- Joystick

- Paddle

- Driving Controller
- Keypad

- Trackball

Output Device
- Television




Design Decisions (1)

CPU and chipset were off-the-shelf components
(total $12 vs. Intel/Motorola: $150 - $200)

6507 Instead of 6502 CPU
(same CPU, less pins, smaller address space)

Use 6532 I/O chip for controller because 128 Bytes
of RAM and a timer are already included
(no separate RAM chip required)

No ROM with OS or charset in console
(game cartridge Is cheaper to produce anyway)



Design Decisions (2)

No frame buffer
(TV screen has ~32k pixels, nobody could pay
32k of RAM and CPU could not address it, t00)

CPU drives display to keep graphics chip simple
(no frame buffer/DMA/IRQ, "Racing the Beam")

CPU creates single line of TV picture at a time

. 21 bits of “screen memory”, 40 pixel playfield

. 1 bit for the “ball”

. 8 bits each for “player 1” and “player 2" (8 pixel)

. 1 bit (pixel) each for “missile 1” and “missile 2~



Game impressions
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Basketball (Atari, 1978) Hangman (Atari, 1978)
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People learn to use it
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Pitfall (Activision, 1982)

Beam Racer Demo (JAC!, 2011) ISO Demo (JAC!, 2011)




Display

"Drawable area"

(160 color clock cycles)
(192 lines NTSC / 228 lines PAL)

s (26 [NTISC / 312 PAL)

228 color clock cycles

76 CPU clock cycles (228 / 3)




File Edit Mavigate Search Project Assembler Run  Window Help

=l

- game
----- B $fffc Cartridge vectors

Descripbion =

L3~ SH ML N R R e = [T
I Project Explarer £ 5 Y = 8 |4 Heloworld.asm 52 4P HelloWarld-Kernel.asm 1 = 0O
H-1= Applell ;I
2= Atariza0n = .proc wblank_area sUpper blonk areg
E-E= docs 1da #74 J5tart vblank time counter 74%6d cycles
sta timedt
[]g EI:IoWorId—Kernel-Dl asm 1da #$34 jBackground red
: sta colubk
’9 Hellotorld-Kernel-02. 5sm loop 1da intim i5pnc with bean again
“9 Helloworld-kernel-03. asm bne loop
“9 HelloWorld-Kernel-04, asm sta wsync
/@ Hello'world-Kernel-05 , asm sta vblank sDeactivate VBLANK bit 1
“@ HelloWorld-kernel, asm -endp
“@ HelloWwiorld. asm
“@ WCS.asm 4
B Atarisoo S .proc playfield_area sDispltay ployfield content tine by Line
E-=F Ced
1= NES Il 1dx #8 JX=0
kernel sta wsync i5top PUY for 1 scantine {(walt sync)
o= outline %3 B = 8 1da #2 jA=a
o - stx colubk i5tore A to background color
@ Definition Section inx s
» effect_lines = 192 cpx #effect_lines sCompare X with 182
= "WCS.asm" Include equate definitions bne kernel Branch not equal
o cnkb = $80 Firsk byte in RAM
o xpos = $581 Flaver ¥-Position ; ict "HetloWortd-#ernet.aan”
=B $F000 Main park
B-@ cart .endp sEnd of plovfietd
) start .
init Clear TIA ($00-$3f) and 128 bytes of RAM ($30-$FF) ’
‘@ main = .proc overscan_area slower blonk oreo
@ frame_loop 1da #2
E| [ wblank_area Upper blank area sta vblank sActivate VBLANK bit 1
e @ loop Synic with beamn again _ILI
E| EI plavyfield_area Display playfield content line by line LI -
o @ kernel Stap CPU For 1 scanlin (wait sync) [3_\ Problems 52 =] Console] v = 7
E| [ overscan_area Lower blank area
e @ loop Sync with bearn again Oitems
| Resource | Path | Location | Tvpe |

‘Writable Inserk 591




- .
A% Hellowarld-Kernel. asm 52

Thange color per Line

oo weedsn L de. aan . hardeare=ATAR T2 668
oo wedsn . {de. aan.mainsourcefi LesHel LobkiorLd. gan

1dx #0 s X=a
kernel =sta wsync Soton OPY For 1 scanline (woit sync)
txa FA=X
and #1 ;A= & 1
a=l sA=4 Fz2
sta colubk ;5et background color
inx SH=NH
cpx #effect_lines JCompare X with 192
bne kernel JBronch not equol




- .
A% Hellowarld-Kernel. asm 52

kernel

Thange color per Line and within Line (7& cylces)

oo weedsn L de. aan . hardeare=ATAR T2 668
oo wedsn . {de. aan.mainsourcefi LesHel LobkiorLd. gan

1dx
sta
txa
and
a=l
stx
nop
st
stx
st
stx
inx
cpx
bne

#0 e

WSYnC Soton OPY For 1 scanline (woit sync)

FA=X
#1 A= & 1
A=
colubl ;5et background color
SWaste 32 cpcles = 895
col bl J5et background color
colubk 25et background color
colubk s5et background color
colbk s5et background color
X=X+l
#effect_lines JCompare X with 182
kernel fBranch not eguatl

to W
color clocks (pixel)
to o4
to X
to 4
to X




- .
A% Hellowarld-Kernel. asm 52
Playfield graphics (21 bits 7 48 pixel)

oo weedsn L de. aan . hardeare=ATAR T2 668
oo wedsn . {de. aan.mainsourcefi LesHel LobkiorLd. gan

mva #14 colupf sPlapfield color = white
mra #@ ctrlpf sPLlavfield repeat (@) mirror (1)
#0 X=a
sta wsync Fotop OPW For 1 scanline (woeit sync)
FA=X
1lsr 2A=ASZ2
;A=A
S ¥=d
game. graphics+8,y  A=graphics[5+V]
pfl sotore 4 into plavfield 1
X=Xl
#effect_lines sCompare X with 182
kernel fBranch not eguatl




- .
A% Hellowarld-Kernel. asm 52

Plaver grophics

oo weedsn L de. aan . hardeare=ATAR T2 668
oo wedsn . {de. aan.mainsourcefi LesHel LobkiorLd. gan

mra cnt colup@ SPRLaver @ color floshing

1dx #0 S X=@
nop shigit g8 pixel
sta resp@ fPosition plaver @

1da xpos JA=pos
1sr 2A=A8
sta nusiz@ s5tore gre to number & size

kernel sta wsync Soton OPY For 1 scanline (woit sync)
1da game.graphics,x sA=graphics[X]
sta grp2 iS5tore A into plaver @
inx SX=X+
cpx #effect lines JCompare X with 182
bne kernel JBranch not eguaol




- .
A% Hellowarld-Kernel. asm 52
Playfield and plaver graphics

oo weedsn L de. aan . hardeare=ATAR T2 668
oo wedsn . {de. aan.mainsourcefi LesHel LobkiorLd. gan

#14 colupf sPlapfield color = white
#1 ctrlpf sPLlavfield repeat (@) mirror (1)
cnt colup@ sPLlaver @ color floshing

#0 X=a
shait &8 pixel

respd JPosition plaver &8

xpos sA=pos
$A=4,/3

nusiz@ s5tore A to nunber and size

WSYNC Fotop OPW For 1 scanline (woeit sync)
FA=X
A=A
;A=4/2
S ¥=d
game. graphics+8,y  A=graphics[5+V]
pfl sotore 4 into plavfield 1
game. graphics,x sA=graphics[X]
Erpe Fotore A inte plaver 2
X=X+l
#effect lines JCompare X with 182
kernel JBranch not egual




- .
A% Hellowarld-Kernel. asm 52
Sound effects

oo weedsn L de. aan . hardeare=ATAR T2 668
oo wedsn . {de. aan.mainsourcefi LesHel LobkiorLd. gan

ma xpos audcd sRivider control
mra crt audfe@ SFreguency 8. .31

1da #2 2 A=
bit inpts4 fTest fire button
bmi not_pressed fBranch
1da #12 ;A=12
not_pressed
sta audw@d sVolime @, .15




Famous last words...

Original Atari documentation from 1979

3.0 RAM

The PIA has 128 bytes of RAM located 1n the Stella memory map from HEX

address 80 to FF. The microprocessor stack is normally located from FF on
down, and variables are normally located from 80 on up (hoping the two
never meet).

Get the free IDE and start coding yourself...

http://www.wudsn.com



