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1.0) GENERAL:

The GTIA performs color-luminance control, player-missile control,

priority control, collision detection, and miscellaneous I/0 functions.,

There are nine color-luminance registers. There is one color-
luminance register for each player-missile, playfield type and back-
ground. When two or more celor-luminance coverlap there must be a
decision made as to which object will have priority. This 1s done by
hardwate w1th a prlorlty reglster to select whlch group of objects have

'._p;iority over. other objects.

The GTIA has a horizontal position register for each player and

missile. It also has a size control register for each player and a single
graphic. register. for the missiles. . There is a graphics register for- each
player and a single register for the missiles. There is collision detect

between all players, missiles, and playfield. However, there is no

collision detect bhetween each playfield.

There are four trlgger inputs and four bi-directional I/0 pins for
niscellanecus I/C functions. There are three inputs that receive data_
from the ANTIC to generate'the playfield graphics and syncs the GTIA~
with the ANTIC.

2.0) COLOR-LUMINANCE CONTROL

A color-luminance register is used on the GTIA chip for each player-
missile and playfield type. Each color-luminance register is loaded by
the microprocessor with a code representing the desired ceclor and luminance
of its. correspondlng player mlSSlle or playfleld type. As the serial data
of the different ob]ects pass through the GTIA, it is “1mpressed“ wlth the
color and luminance values in these registers. Therefore, when a player,
missile, or playfield is turned on, the corresponding color and luminance
will be turned on. To prevent two color-luminance from fighting, priority

is established. (See section 3.0 for Priority).
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2.0} COLOR-LUMINANCE CONTROL (Continued):

THESE ADDRESSES WRITE DATA TO THE FOLLOWING REGISTERS:

COLOR-LUM OF PLAYER-MISSILE 0 (COLPMO} ADDR. = 12
COLCR-LUM OF PLAYER-MISSILE 1 (COLPM1l)} ADDR. = 13
COLOR-LUM OF PLAYER-MISSILE 2 (COLPM2) ADDR. = 14
COLOR-LUM OF PLAYER-MISSILE 3 (COLPM3) ADDR. = 15
COLOR-LUM OF PLAYFIELD 0 (COLPF0) ADDR. = 16

. COLOR-LUM OF PLAYFIELD 1 (COLPF1) ADDR, = 17‘ .

" . COLOR-LOM OF PLAYFIELD 2 “(COLPF2) ADDR. = 18 . "
COLOR-LUM OF PLAYFIELD 3 (COLPF3) ADDR. = 19
COLOR-~LUM OF BACKGROUND (COLBK) ADDR. = 1A

Color Luminance
| | I | | Not _

D7 | pé6 | p5 | D& | p3 {1 D2 | D1 lGsed

S x X g _ g _ {1) Zero Luminance (black)
ETC. ' '
1 11 Max. Luminance (white)

0 0 0 0 Grey
0 0 0 1 Gold
0 0 1 0 | Orange
0 o0 . 1 1 Red-Orange
0 1 0 0 | Picok

T 0 1 0 1 Purple

L | 1 G | Purple-Blue
0 1 1 1 Blue
1 0 0 0 Blue
1 0 0 1 | Light-Blue

R SN AR S ' B Turqueise
1 0 1 1 Green—-Blue
1 1 0 0 Green
1 1 0 1 Yellow—Green
1 i 1 ] Orange-~Green
1 1 1 1 Light-Orange
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3.0) PRIORITY CONTROL:

Priority ( PRIOR } ADDR. = 1B

When moving objects such as players, missiles and playfield overlap
on the TV screen, a decision must be made as to which object shows in front
of the other. Objects which appear to pass in front of other cbjects ._.
are said to have priority over them. Priority 1is assigned to each
object by the GTIA chip before the serial data from each object is
combined with the other chip before the serial data from each object is
combined with‘the other objects and sent out to the TV screen. Setting
the priority is done by writing from the microprocessor to the GTIA

'prlorlty control control reglster (PRIOR}

D3, D2, D1, Pricrity Select {(Mutually nxclu51ve)
& DO These bits select one of 4 types of priority.
Objects w1th higher priority will appear to move.

in front of obijects with lower priority.

D=l D2=1 Dl=1 -D0=1
! { !
A E}FO | —— PFO [ PC | PO
FFl [ PF1 | Pl ] Pl
Higher PO | PF2 ] PFO I P2
Priority Pl |{PE3 + P5 | PF1 | P3
vz ! PO | PF2 | PFO
: - 1 Pl {|pF3 + B5 | rrl
PFZ | P2 | P2 ] PF2 _
E’3 + P5 | P3 | P3 | |PF3 +p5%
\ | BAK ] BAK | BAK

NOTE: The use of Priority bits in a "non-exclusive" mode (more

than 1 bit true) will result in objects (whose priorities
are in conflict) turning BLACK in the overlap region.

EXAMPLE: PRIOR code = 1010 This will black PO or Pl if they -are
over PFO or PFl. It will also black P2 or P3 1if they are
over PF2 or PFB

The prlorzty control reclster also controls the fifth player. The
fifth player is the combination of all four missiles and shown as play-
field 3 color-lum. However, there is no priority between playfields.

Therefore, the fifth player would have no priority between playfields.
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3.0} PRIQRITY CONTROL (continued):

D4 Fifth Player Enable

This bit causes all missiles to assume the color
of Playfield Type 3. (COLPF3). This allows missiles
to be positioned tegether with a common color for

use as a fifth player.

The priority control register also controls multiple color players.
When enabled, the color-lum of player-missile 0 and player-missile 1 is
to be logically “ORed“' Also the color-lum of player-m15511e 2 and |
plaver—mLSSLIe 3 is to be loqlcally “ORed"' This’ permlts overlapplng o
of the position of two players with the choice of a third color in the

overlapped region.

D5 Multiple Color Player Enable.

This bit causes the logical "or" function of the
bits cf the colors of Player 0 with Player 1, and
also of Player 2 with Player 3. This permits
overlapping the position of 2 players with a thizd .

color ln tne overlapped reglon._

The priority control register alsc controls playfield data
interpretation from the ANTIC. There are four modes. They are 4
color-lum (normal CTIA mode), 1 color-16 lum (GTIA), 9 color-lum
{GTIA), and 16 celor-lum (GTIA).

D7 & D& GTIA PLAYFIELD MODES

D7 D6 OPTIONS
“0.,°-0 . - NORMAL No GTIA mode ( CTIA operation )
"0 1 1 COLOR - 16 LUMINANCES MOCE

1 0 9 COLOR-LUMINANCES MODE

1 1 16 COLCR - 1 LUMINANCE MODE

h ’ TITLE GTIA CHIP (NTSC)
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3.0) PRIORITY CONTROL (continued):

In the normal mode, the GTIA will interpret the ANO-AN2 data from
ANTIC as: '

A A A

N N N

2 1 0

0 0 0 : background coclor

0O 0 1 : vertical sync

0 1 0 ": horizontal blank and clear 40 character mode
0 1 1 : horizontal blank and set 40 character mode
*}B;Uf'q ;;5playfield;0;35;j_lﬁih_fg S '

170 1.-: playfield 1 = - o

1 1 0 : playfield 2

1 1 1 : playfield 3

Refer to the ANTIC data sheet for normal ANTIC display of playfiéld.-

NOTE: If the GTIA is in the 40 character mode, there is no priority
between playfield 1 luminance and all player-missile luminances.

In the 1 color - 16 lums mode, the GTIA will interpret the ANO-AN2
from the ANTIC as:

A A A

N N N

2 1 0

g 0 ¢ background color

6 0 1 : vertical sync

0 1 € : horizontal blank and clear 40 character mode
0 1 1 : horizontal blank and set 40 character mode

1 D3 D2 : LUM D3 D2 of LUM D3 D2 D1 DO
1 D1 DO : LUM D1 DO of LUM D3 D2 D1 DO

NOTE: Dn indicates data

¢ -In the 16 lum mode; it takes 2 color clocks to make one play- -~ -
field pizel. The ANTIC will send the AN2 to ANO data every.color clock.
At the beginning of a pixel, lum D3 and lum D2 are loaded for the next
pixel and on the second color clock, lum D1 and lum DO are loaaed for the
next pixel. The background color register is used for the playficld color
ana the background lum register is "ORed" with lum D3 D2 D1 DO for

playfield luminance. Therefore, zero should be loaded into background

luminance in this mode.

y J
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3.0) . PRIORITY CONTROL ({(continued):

In the 9 color-~lum mode, the GTIA will interpret the ANO-AN2 from
the ANTIC as:

A .A A

N N N

2 1 0

0 0 8 : background color

0 1] 1 ¢ verticasl sync

0 1 0 3 horirxonal tlank and clear 40 character mode
0 1 1 $-horizonzl blanmk and set 40 character mode

1 D3 D2 ! DATA D3 D2 of DATA D3 D2 D1 DO

i D1 DO ¢

DATA D1 DO of DATA D3 DZ D1 DO

_WOTEZ D indicatés data |

In the 9 cclor-lum mode, it takes 2 color clocks to make one playfielc

pixel. The ANTIC will send the AN2 to ANO data every color clock. At the
beginning of a pixwl, data D3 and data D2 are loaded for the next pixel

and on the second color clock, data D1 and data DO are lcaded for the next

pixel. The data word D3 to DO determines one of the nine color-lum

registers for that pixel. (See table below for data to color register
assignment.)

D D.D D R ]

3210 DATA

0 0 0 0 ¢! COLDR-LUM OF FLAYER-MISSILE 0§

0 0 01 ¢ COLOR-LUM OF FLAYER-MISSILE 1

D 0 1 0 : COLOR-LUM OF FLAYER-MISSILE 2

0 0 1 1 ! COLOR-LUM OF FLAYER-MISSILE 3

X 1 0 0 : COLOR-LUM OF FLAYFIELD 0

X 1 0 1 ! COLOR-LUM OF FLAYFIFLD 1

X 1 1 0 ¢ COLOR-LUM OF FLAYFIELD 2

X 1 1 1 { COLOR-LUM OF FLAYFIELD 3

1 0 X X ¢ COLOR-LUM OF EACHEGROUND

“NOTE?! X" INDICATES "DON‘T- CARES™ . .

TITLE GTIA CHIP (NTSC)
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3.0) PRIORITY CONTROL (continued}:

In the 16 color - 1 lums mode, the GTIA will interpret the ANO-AN2
from the ANTIC as:

A A A

N N N

21 1]

0 .0 0‘: tbackground color

D 0 1 ¢! vertical sync

0 1 0 ¢ horizonal blank arnd clear 40 character mode ;
0. 1.1 Y. horizonasl .blanhk and set 40-character mode. .. -
1 D3-D2 : COLOR D3 D2 of COLOR D3 D2.DL DO .- . - ~ 7777 oo

1 D DO :

COLCOR D1 DO of COLOR D3 D2 D1 DO
NOTE: Dn indicates data

In the 16 color mode, it takes 2 color clocks to make one playfield
pixel. The ANTIC will send the AN2 to ANO data every color clock. At
the beginning of a pixel, color D3 and color D2 are loaded for the next
pixel and on the second color clock, color D1 and Color D0 are loaded for
the next pixel. The background luminance register is used for the play-,
field luminance and the background color register is "ORed" with“color':--
D3 D2 D1 DO for playfield color. Therefdre, zero should be loaded into
background color in this mede.
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4.0) PLAYER-MISSILE CONTROL:

The players and missiles are small objects which can be moved
gquickly in the horizontal direction by changing their position registers.
They are called players and missiles because they were driginally
designed to be used in games for objects such as airplanes and bullets.
However, there are many other possible applicaticns for them. The four
player-missile color registers, in conjunction with the four playfield
color registers and the background color register, make it possible to

display 9 different colors at the same time.

" There are a total of four players and four missiles. The four

.__mlsslles may - be grouped together and used as-a. 5th player. .. These-&_-.Jfﬁg

‘objects are p051tlonea horlzontally by 8 horlzontal p051t10n registers-
(HPOS (X)). These registers may be relocaded at any time hy the processor,
allowing an object to be replicated many times across a horizontal TV

line. .

PLAYER HORIZONTAL POSITION:
HPOSPO (Player 0} Addr. =00
HPOSP1 (Player 1) Addr. =01
HPOSP2 (Player 2) Addr. =02
HPOSP3 (Player 3) Addr. =03
HPOSMO (Missile 0) AddE. =04
HPOSM1 (Missile 1) Addr. =05
HPOSM2 (Missile 2) Addr. =06
HPOSM3 (Missile 3) Ad@r. =07

These addresses write data into the player or missile horizontal
position register. The horizontal position value determines the colorx
clock location of the left edge of the object. Hex 30 is the left edge
of a standard width screen. Hex D0 is the right edge of a standard

sCcreen.

The shape of a player or missile is determined by the data in
the graphics register. The players have independent eight bit graphics
registers. These registers may also be reloaded at any time by the
microprocessor, although they are usually changed during horizontal blank
time. The data in these graphic registers is placed on the display

whenever the horizontal counter equals the corresponding horizontal

TITLE
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4.0) PLAYER-MISSILE CONTROL (continued):

position registers. The same data will be displayed every line unless the
graphic registers are reloaded with new data. These player-missile
graphic registers may also be reloaded automatically from memory with
direct memory access (DMA). To use DMA for the player-missile graphics,
HALT input must go low during horizontal blank. From the falling edge of
HALT, the GTIA will pull the graphic data from the data bus, if they are
enabled by GRACTL. However, the GTIA does not address the data. This is
done by the ANTIC. Therefore, to DMA player-missile graphic, the GTIA
must be used in conjunction with ANTIC. (See the ANTIC data sheet for use
oof DMAL)&;DMAftimigg,is_shpwnroh next page. .- . ' ' e
GRACTL (Gresphic control register) Addr.=1D

This address writes data: to the graphic control register.

Not ] i M
Gsed [ D2 | p1 | DO
D2 =1 Enable latches on TRIGO — TRIG3 inputs (latches are
' cleared and TRIGO — TR1G3 act a2s normal inputs vhen this
control bit is zero).
Dl =1 Erable Plzyer DMA to Player Graphics Registers.
 DQ =1 Enahlq_Higsilg_DHAw;ohgissilg_C;gphi;s Registé:s.

DMA is enabled by setting both DMACTL (ANTIC) and GRACTL (GTIA).
Setting the DMACTL only will result in cycles to be stolen but no

display will be generated for players or missiles.

Graphic Register:
CRAFFD (Flazer grephic register) Ad
CRaFF1L (Flauer eraphic register) Ad
GRAFFZ (Flawer grezphilc register) A
GRAFFZ (Flzger grzpiic register) Add

W KO

Left I S - Right
Player on TV Screen

GRAFM (Mi==sile graphic registier) Addr.=11

I I |

p7 | DE | D5 | D4 D3 | D2 Dl | DO

L R i R L R L R

I A W N
M3 M2 M1 MO

Thece addresces write datz directly into the plazger grazphic register,
independent of DMA. These recicsterce 2lsc megoe zccessed oY DHA.
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4.0} PLAYER-MISSILE CONTROL:

Each player or missile can be delayed by one vertical line. VDELAY
is used to give one-line resolution in the vertical positioning of an
object when the two-line resolution display is enabled. Setting a pit
in VDELAY to a logical cne will move the corresponding object down by one
TV line.

UDELAY (Vertical selay) Addr.=1C

This address writes data into the vertical delay register.

-

| | | | | g }
D7 | D6 | ps | D4 | D3 ] D2 | b1 | DO

3 P2 Pl f 20 M3 f32 : 31_ 'Moi-'f
Each player and missile can be displayed by three different sizes.
There is normal, two times normal, and four times normal. Normal size
is one color clock per bit in the graphics register.
SIZE REGISTERS:

SIZEF0 {(Flager 0 size) Addr.=08 .
STIZEF1 (Fla<der 1 size) Addr.=0%9
SIZEFZ {(Flaser 2 size) Addr.=0A
SIZEF2 (Plager 3 cize) Addr.=0B
Not : . Horizontal Size .
Used ' 7 -1 Dbl po | Register (Player)
0 ¢  TNormal Size
(8 color clocks wide)
0 1 Twice Normal Size
{16 color clocks wide)
1 o Kormal Size , : '
1 1 4 Times Neormzal Size

. i - —_ (32 color clocks wide)
SIZEM (811 missiles sizé&s) Addr,.=0C ) - Tt

| ! | | Horizontal Size
D7 | D6 | D5 } p4 | p3 | b2 | D1 | DO | Register (Missile)

M3 M2 Ml MO
0 0 Normal Size
(2 color clocks wide)
g 1 Twice Normal Size
(4 color clocks wide)
1 0 Normal Size
1 1 4 Tices Norzal Size

e (8 color clocks wide)
These: addrescses write cdstz into the plager or micesiles control registers.

\ JE\ ATAR!, GTIA CHIP (NTSC)
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5.0) COLLISION:

$ixty bits of collision register are provided to detect and store overlap (hits)

between players, missiles, and plavfield.

processor from the addresses 00 through OF.

These cecllisions can be read by the micro-

There are no bits for missile to missile or

playfield to playfield collisions,

There are sixteen bits for missile to playfield.

There are sixteen bits fer missile to

There are sixteen bits for player to playfield.
player.
etc..

represented by playfield 1 luminance and playfield 2 color.

collision is storéed as a playfield 2 collision.

COLLISION REGISTERS:
CUMOPF {Missile 0 to playfield
- M1FF {(Missile 1 to-playfield
M2FF (Missile 2 to playfield
M3FF (Missile 3 to playfield

collisions?
collisions)
collisions)

Not Used _
(zero forced)

collisions)
collisions)
collisicens)
collisions)

FOFF
F1FF

to playfield
to playfield
to playfield
to playfield

(Flager 0
(Flagyer 1
FZ2FF (Flager 2
F3FF (Player 3
Not Tsed =~ .} -} | |-
{zero forced)

32 1 0

MOFL (Missile

In the high resclution mode (one pixel per 1/2 color clock), the playfield is

In this mode, playfield

Cﬂliiéion5) Qddh;;ng.._;,q
Addr.=01

Addr .=02

Addr ,=03

Playfield Type

Addr .=04
Addr =05
Addr.=04
Addr ,.=07 -

Playfield Type

0 player collisions) Addr,=08
MiFL (Missile 1 to player collisions) Addr.=09
M2FL (Missile 2 to player collisiorns) Addr.=0A
M3FL (Missile 3 to plader collisicns) Addr,.=0E
Not Used | | | |
(zero forced) ] D3 1 D2 | D! ] DO

FOFL to playger

_i?layer'Number o

#fddr,=0C

{Flayer 0 collisions?
FIFL (Flader 1 to plager collisions) Addr.=0D
F2FL (Flaser 2 to plader collisions) Addr.=0E
F3FL (Flayer 3 to player collisions) Addr.=0F
Not Used | .| | |

(zero forced) | D3 | p2 | pl | Do

3 2 1 0

These addresses read the collisions registers,

Player Fuober

There are twelve bits for player to player because PO to PO always read zero,
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5.0) COLLISION (continued):

These collision registers can be cleared by writing tc a single register. All
collision registers are cleared when this is done.

HITCLR (Colision "hit" clear) Addr.=1E

Not
Used

6.0) NTSC/PAL REGISTER:

There are two versions of the GTIA: the NTSC (United States TV standard)} and PAL
(one of the European TV standards). The PAL GTIA has been designed so that most programs
will run without being modified. However, some differences may be noticeable. There is

a hardware register (PAL) which a program can read to determine whether it is PAL or NTSC

. -and. adjust; accordlngly. e mi-_f o

" PAL (NTSC/FAL reglster) Addr.-lq ' ?'iff

Not .. | p3 ] p2 | DI 1uoc
Used - | | | |Used

b3 D2 1)1

1 1 -1 - NTSC (US TV)

0 0 0 . PAL (European TV)

This addréss readﬁ the TV sgsten tgpes

7.0} TRIGGER INPUTS

There are four 1nputs (TO-TB) that have been used as the lnputs to sense the
trigger buttons of the joystick controller. These inputs are normally read directly
by the microprocessor reading TRIGO through TRIG3. However, if bit 2 of GRACTL is set
to a logic high, these inﬂuts are latched whenever they go to a logic zero. These

jatches are reset {true) when bit 2 of GRACTL is set to a logic zero.

TRIGO (Trigeer 0 irmput) Addr.=10
TRIG1 (Trigger 1 input) Addr.=11
TRIG2 (Trigger 2 input) Addr.=12
TJRIG3 (Trlgger 3_1npnt)fﬁddr,?13
. Not Used . | 0 = button pressed
(Zero FOfced) | DO 1 = button not pressed

These addresses read the trlgger inputs,
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§.0) SWITCH I/O:

There are four I/0 pin (S0 thru S3) that have been used as switch
inputs. This port can be read by a single address which puts the data
directly on the data bus. When this address is written to, the data going
out of the port is inverted from the data on the data bus. The inputs have
internal pull-up resistance to VDD, The-outputs are open drain. If the

I/0 port is to be used as inputs, zero should be written to CONSOL register.

. CONSDL (Switch porit) Addr.=1F

Kot Used | |
(zero forced) | D3 | D2 [ pr | po

Do = S0, D1 = S1, DZ =S2, amd D3 = 83+ . .0

nne GTIA CHIP (NTSC)
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9.0} ELECTRICAL PARAMETERS:

©.0) ELECT

RICAL PARAMETERS:

®.1) GENERALS

9,1.1) Storage temperature —ﬂDgC to +90°C
?.1.2) Anmbient operating temperature 0°C 1o «70%
?.1.3) Failure rate less than 0.17 per 1000 hours
?.1.4) Haxinus voltage range on any pin with respect to
. vss {(Fin ?: substrate ) wvithout permanent damage to the chipg -0.5V to +%7,.0V
g.2) D.C. AND OFERATINMG CHARACTERISTICS:
All voltqges are referenced to V5SS (pin 3. )
R T N N B R
] ) i MIN. | TYP. ! HaX. I UNIT |
} o e —— [ | | | S !
i 1 | | l l
P WwDD  {(FIWN 273 | +3.75% | | +5.25 | VOLTSI
e e e e e e e o e e [, | [ | i
I 1 | | | I |
1 IDD (FIN 27) 1 | V128, 0 [ mA |
e e —— —— _— e | i
} i | | H {
] _NORMSL TNFLUTSS { ' { 1 t
| _— 1 : i i !
] HLT (FIMN Z2&), CS1 (FIN 32),R/W (FIN 33 ), | ] | § 1
| : I | { 1 1
| AZ-a4 (FIN 40-FIN 3B, AQ0=-Al (FIWN Z-FIN 1), | | t 1 |
| . i | { 1 |
| ANO-AND (FIN 18-FIN 200, 82 (FIN 30 | | | | t
| 1 | i I |
. | UIH INFUT HIGH VOLTAGE! | 2.0 I | VbD | VOLTS!
. : [ 1 I : I b
] UIL_INPUT LOW VOLTAGE: N P S-S i1 +0.8 | vOLTS|
1 : 1 | | | l.
: ILEAHAGE INFUT LEAHASED VIN=7.0 VOLTS } ! : 10.0 : A :
{ CFIN FIM CaFaCITANCE ! : : 7.2 : pf 5
__________________________________________________________________________ 1
! | t | i H
{ DATA EUS I/0: TRI-STATE OUTFUT I | | ] |
| | | | | {
| D3-03 (FPIN 7—FIN 4} | | | t |
i - 1 | i § |
| _INFUT: | | | i [
] | | | 1 |
| UIH INFUT HIGH VOLTRAGE: i 2.0 | | vop | VOLT5}
! | | | - | }
[RY) INFUT LOW VOLTAGE: { =-0.3% 1 1 +0.8 | VOLTS)
! It | | i | |
| I s INFUT LEAKAGE: QUTFUT TRI-STATED | t | | ]
0 LEﬁLﬁcg ) o VIN=+7.0 VOLTS i ; 1 10.0 | wuwA |
s (' Cppy PIN CAPACITANCE 0 - - .. o, o ] L1500 | ef |
| ! | ! | |
| _OUTFUT: ! ] } | |
| l i | | |
| UDH QUTFUT HIGH WOLTaAGE: I LOAD=-0,1ma | .4 t ! | VOLT3|
| 1 t } | i
| UDL OUTFUT LOW WWOLTASE: I LOAD=+1.5mA | i | 0.4 | VOLTSH
| t H | | |
: CLGﬁD LOAD CAFACITANCE 1 : : 130.,0 : pf :
TITLE .
3 Jﬂ ATARI. GTIA CHIP (NTSC)




9.2) D.C. OPERATING CHARACTERISTICS (continued):

Fe2) DL,C. ANHD O ERATING CHARACTERISTILS: (CONT.)

i 1 { i
| . | MIM. I TYF. | MAX. | UNIT |
» e e - I N B o [
t I 1 1 [
| DATA EUS I/0: OFEN DRAIN DUTFUT ! : I ]
| { H | i
| D4-D7 (FIN 37-FIN 3%) 1 I ! "
[ T T Ty | e 0 o
- Y ;._.. } INPUT [ R . N -.- Lo et ke ; : - . .. l - I ) : ] . I
.\ l . . . ) L . e . l - ! . l - s '_
I Yy, INPUT HIGH VOLTAGE: 1 2.0 | { VoD | VOLTS
1 | i | l
| v, INFUT LOW VOLTAGE: | -B.5 | i +0.B 1 VOLTS
I I I i I
I ) INPUT LEAKAGE: VIN=7.0 VOLTS I I I I
‘|.IPEQ“3°Es PULL-DOWN IS TUKNED OFF - I I I 10,0 | ua
; Crpy PIN CAPACITANCE : : : 10,0 : pT
|_OUTPUT: I ; ) r
! |- | ! |
| Vy_ OUTPUT LOW UOLTAGE: I LOAD=+1.émA 1 | { 8.4 | YDLTS
I i ] [ | '
: C_oap L0AD CAPACITANCE : : : 130,0 ; Pt :
| ! | 1 {
! DUTFUTS! OPEN DRAIN DUTFUT I | 1 !
) - I ! I I
. | COL CPIN 21), L1-L3 (PIN 22-PIN 24) i I I ]
H : : - | | | |
{ Lo (PIN 31) o _ P | - |
I ' : I ! [ I
| Yy OUTPUT LOW VOLTAGE: I LDAD=+1.4nA 1 | 1 0.4 | YOLTS
! i [ 1 |
| . INFUT LEAKAGE: VIN=7.0 VOLTS | | 1
| TLearace PULL-DOMN IS TURNED OFF i | 1 10.0 | uA
1 ) I ! ! 1
. -
| C_pap LOAD CAFACITANCE I I [ 25.6 | pf
i [ Ve P Ve i
[ i I | ! I
| INPUT _CLOCK 3% i I I I I
I l I I I I
] 0SC (PIN 28) I f ) I I
{ | | 1 i I
| v INFUT HIGH VOLTAGE: | 2.8 | I vCC | voLTs!
| IH 1 | ; b )
i v INFUT LOW VOLTAGE! 1 -D0.5 | 1 +0.8 | VOLTS]|
) It 1 ) ! | f
_::_ILEQKQGE INﬁUt LFH”EEE:.gIﬂf?.D UQLT?. _: .: .} .1010‘ : uA :
T C PIN CAFACITANCE B T 1 7.0 " ptr |
L N e P e P e |
1 ) ] 1 i
| CSYNC OUTFUT: i I ! '
1 I 1 ! |
! CSYNC (FIN 2T | i I |
I | ! [ [
| UDH DUTFUT HIGH VvOLTAGE! I LOAD=-100.0 uwA 1 2.8 [ | 1 VOLTS|
| 1 [ | 1 )
1 UUL DUTFUT LOW VOLTAGCE: I LUOAD=+1.&mA i I | 0.4 1 VOLTS|
| I | I ! |
: CLDQD LOAD CAFACITANCE : : i 5.0 | ot |

TITLE
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g.2)

D.C. & OPERATING CHARACTERISTICS {continued):

2,2y D.C. AND OFERATING CHARACTERISTICS:

FAST FHASE CLDCK OUTFUT: (FOR ANTIC

FRO (FIN 293

LODAD

SHITCH &US TI/0! OFEN DRAIN DUTFUT
$0-83 (FIN IZ—PI& iﬁ) |

INMFUT:! (WITH INTERNAL FULL UF DEVILCE!?
UIH INFUT HIGH VOLTAGE!

UIL INFUT LOW VOLTAGES

[

FULL=UF INFUT FULL-UF CURRENTIVIN= Z.4V.

CPIN FIN CAPQCITQ&CE

(=]
=
=
o™
=
_‘

v DUTFUT LOH VOLTAGE: I LOAD=+1.amA

TO=T3 (FIN B-FIN 11)

UIH INPUT HIGH VOLTAGE:

UIL INFUT LOH VOLTAGE:

y Ot - - . - 2.4u.
Tyl —yp INFUT FULL UP CURRENTIVIN= 2.4V

CPIN FIN CAFACITANCE

DEL (PIN 17}

: E AGE:
UQDJUST INFUT ADJUSTHENT VOLTAGE
' CaparE =7.
ILEQKQEE INFUT LEAHAGE: WIN=7.0 WOLTS
CFIN FIN CAFACITANCE

vdk;QUTPUT'HIGH.gnyTAcE;-;.Lonoselnu.u.un
Voo CUTFUT LOW VOLTAGE: I LOAD=+1.4RA: -
c LDAD CAFACITANCE

TRIGGER INFUTS:{(WITH INTERNAL FULL-UF DEVYICE

E
-
-

vat.TS)
v
VALTS ]

(CONT.?}
§ | | |
] HMIN. | TYP. | HAX. |
P | o ——— 1
I i i |
| H 1 |
i 1 | |
| v | |
i i [ t
I 2.8 . ) o |
- .l . -l . - ' . ....‘ . .'_
| -1 4+ 0.4 ]
| 1 | |
| | { 25.0 |
N S, I | [ i
| I | ]
) i | |
| | [ |
| | 1 |
| H ] }
1 1 i 3
| | | i
| 2.0 | | VoD |
i I { |
| -0.% | ! +0.B |
| 1 § |
I 160.0 | 1 1
] | | I
i { | 25.0 |
1 H ;! |
|- i { |
I | ] |
] | | 0.4 |
] H ; |
1 5 1 30.0
JEUE D | e 1
1 i | 1
| | | 1
{ | i |
I | 1 |
| | | t
] Z.0 | | vDD i
| I | |
| ~0.5 } | +«0.8 |
I 1 f t
] 100.0 | } |
1 | | |
| | i 25.0 |
P D | |
| 1 H N
1 I | |
| } | I
1 1 i |
| | 1 |
1 3.0 | L 8.0
; | ! t
| } | 10.0 ]
i | | }
i | 1 SB.0 |
i

TITLE

GTIA CHIP (NTSC)
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DRAWING NO. C014805

TITLE

2Tpf + 1 TTL LOAD.
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13
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H | M M o - M - M OW M W - o o 8M )
b S| 2] L, ™ — - — - |
1 1 1
' . ) 1
- ' i " 1
a i | B 1
o o1 - [ m ¥ w T W I I X . I
By 2 e 2w 8w B e 8B BBAB AL E R
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(- | : 1
| —m— — — — e ————— — T e W S A R e e
i | M M
) o I n w
B 1 § 1
W, - [= [= 2N o | 3]
: (7, T B S 4
1 1 ! 4|, [ - « @ O
| I = twt a a o o | ' - |+
| 1 1 =) x 1 [} [ - o ] | J
o o L o o ' 1 Z ZT |<C <
o = L 0D o o o 4« « |lx Ix
L jm)] ] -
e [m] 1 E w [V e - - e ae [ T -
. w H X 2 .
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9.3) DYNAMIC OPERATING CHARACTERISTICS

{continued):

a,3) _DYNeMIC OFERATING CHARACTERISTICS: (COMNT.)C

(VDD = SU+SZ Ta = 0

| - | 1Sigmal | ] | | |
| Farameter JNote]| Tupe I Sumbol}] MHIN. | HAX. | UHIT |
| e DU TR | | [ . | [, I
| | | i | 1 | H
t_QUTFUT TIHIHG? 1 R 1 . 1 I . | i
1= L ; RN SIRUENER RTINS B b s KRR
P L ! R TR | e U
|  DATA SETUP -TIME ! DD-D7 I 3| BTE 82§ Tpgp | I 50 I ' ns |
1 | | | l | t 1
| DATA HOLD TIKE ¢ DO-D7 I 3| ATE B2) Ty 1 20 ( - T
| - | I | 1 ] | |
| DATA SETUF TIME 1 CSYNC | 1 [ATE 0SCI Tpg i | 40D i nS |
| . . | I 1 . I i | o
] DATA HOLD TIHE ¢ CSYNC P 1 tATE OSEl Ty, I 40 ! I nS |
] | | | ] ] | 1
1 DATA SETUP TIME : LO-L3 | 1 JALE Q0SCl T | I 1 1 nS |
| P i S | ] I
1 ©pATA HOLD TIHME 3 LO-L3 I 1 JALE OSCI T | a5 | 1 rns |
| ! | P PR i I 1
| DaATA SETUF TIHME : 50-53 ° I 21 ATE B2 TFye | | 880 i ns |
| I | l | I H 1
| DATA HOLD TIME 3 S0-53 i 2] ATE 821 T, | g0 i -
| COLOR DELAY LINE DUTPUYT: | | i | I 1 |
! NOTE: Output is OFEN DRAIN ! l v l | ] 1
. farnd pull up effects leading | i | f i | |
" ledge delay. i : i | 1 I i | |
: _ . _ | | | 1 i |
| OUTFUT DELAY TIME: I 1 IATE OSC| Ty, I 1 i [
1 HITH ¥ (FIN 17)=7.0V and | 1 I 1 1 | l
] DEL | | | I l | 1
! WITH COLOR= C3 C2 C1 CO | | t { l | |
| | | i 1 i ] i
IND COLOR OUT DO 0 0 O { | | 1 I [ |
1 0 0 o 1 | 1 ) 1 t 147 1 nSs I
1 0 0 1 © 1 1 i I 1 188 L nS 1
| [ 1 | | t 1 209 | s |
| 1 ] | 1 | | i
| 0 1 0 0 1 [ | | | 230 | nS 1
I o 1 0 1 ] ] ! ] L =251 L oS 1
! £ 1 1 D 1 1 { ] | 272 | _nS |
] g1 1 1 L | 1 | 293 i oS | .
] | | | ] l | |
! 1. 0 0 0 | 1 1 1 [ 314 I nS |
i i 0 0 1 1 ! | | i 335 L _nS ¢
1 1 0 1 0 1 ! 1 1 356 { n5 1
I 1 0 1 1 ] 1 ] ] _1__3zz7 -
H ' : ] - . ol S -b o
1 1 1 o 9 1 1 1 1 |___3%8 a8 |
1 1 1 0 1 ! | ] Ll [ 41% | oS5 __|
i 1 1 1 © ! [ ] ! ' 440 | nS |
1 1 1 1 1t ] i I 1 461 | S 1
| [P I —— | S | e | | B, |
MOTES:
1) QUTFUT LCAD AT ZSpF + 1 TTL
2y QUTFUT LOAD AT 30pF + 1 TTL
9) DUTFUT LOAD AT 130pF + 1 TTL .
- - ]
TITLE
g ATARI- GTIA CHIP(NTSC)
Yy 4} - - :
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8.3) ﬁYNAMIC QPERATING CHARACTERISTICS (continued):

.¥.3) _DYNAMIC OFERATING CHARACTERISTICS: (COHT.}

. (VoD = Sv+sz TA = 0° to 70°%C)
1 | I1Signal | | i I |
| Farzmeter Iote] Tgpe [ Suymbol] MIN. | MaXx. I UHIT |
B e . _ Y DY PERSNE SR B L PEE—— 1
S T ; e S T R S| IR B 1.
1 _OUTPUT .TIMINGS - (CONT:) 1L I . ey e 1
I ' i I H | [ [ |
I COLOR DELAY LINE CUTFUT: | | | I i i I
I CCONT.» | | | I 1 1 i
| | | i | i [ |
| ! | 1 { l | l
1 OUTFUT DELAY TIME: i I .1 |ATE o0scCl TDD 1 1 | . I
I WITH {PIN 17)=5.0V and | | - (. | | 1
. DEL I I j 1 | | I
I WITH COLCR= C3 C2 C1 CoO i | [ | i I |
I I | 1 1 l | |
IND COLOR QUT Q0 0 9 o | I i H | l |
1 0o 8 o 1 | | | | L 1e0 I _nS 1
I 09 1 0 ] | | 1 | 225 I nS |
| 1] a 1 1 t { I 1 | 240 | rS |
} [ | | H [ | }
[ 0 1 0 @ 1 i 1 | [ 295 ! nS |
1 0o o 1 1 1 i | | 330 [ nS g
1 0 1 1 1 | [ | [ } 365 | nS |
r | 01 1 1 | ! | | [ 400 I n5 i
| 1 o _© o 1 ] ! 1 [ 435 3| ng 1
I 1 o0 o 1 ! | I { 1 4710 1 nS 1
I 1 0 1 0 | ! I ! 1 505 I mS 1
| 1 i] 1 1 | { ] L 1 o490 ] nS |
| | | | | | | |
t 1 1 06 01 1 | i I i_ 5?5 | nS_ )
1 1 1-0 1 I ] | | 1 4110 1 ns 1
1 1 1 1 0 I ! | 1 | 645 | ns |
1 1 1 1 1 [ 1 ] H | 4890 [ nS i
| | | i l 1 § I
[ COLOR SELECT DBELAY: 1 1 lATE 0ScC| TDD | | &10 | nS |
[ Charging from a color reg.= | [ | | i [ |
| HEX © to zriother reg.= HEX 1 | | "l | | | |
1 2nd U {(FPIN 173>=35.0 WYolts | 1 | | [ ] i
DEL
l_____ e e | I D b - | |
MOTES: .
1) OUTFUT LDAD AT 2SpF + 1. TTL S ) .
TITLE
JEL ATARI- GTIA CHIP {NTSC)




L YTIT 1DF7ES 300D ,__” -l

ECOPEC= 0N P,

[y 0939 30700
e agy |
| - &
Gay AV 73T

____._.,”.,.___ N . YOTIOD
%xué JIA29VE mm ISreZL =30707

b )

- IO>2

DYNAMIC OPERATING CHARACTERISTICS (Continued):

3)

9'

SO

OF 2 -

{NTSC)
[ SHEET - -

GTIA CHIP
e REV -

o~

TITLE
DRAWING NO

A JI\ ATART



L ATARr

~.4) I/0 TIMING:
=) | immmm ELE (BEEFORE LEADING EDGE)
SR |“——— ALE (AFTER LEADING EDGE)
| S |<—— ETE (®EFORE TRAILING EDGE)
z _——) j<—=-- ATE (AFTER TRAILING EDGE)
! i
| !
R TE0 w1l
| HI | wa
2, 4=/ \ / VAVEERN
2 or 0SC /| PN /7 I~
/1 I\ /] I\
0.8V——>/ | | NS/ / | | N
| | | 1/ 7/ | | | |
T.,—===] <= Te=——u]. A== R I | I
TE DUTFUT: | 1 _——] | === T, T, —em3] o--
| Lo | D% DH 7
] | { | | { ] / /] ] 1 _
T777777 07 P77l TIA Il TTAIIII7I7P 077777770777\ 7 7 7 N
FITIIIILLIII I IO LI III I LRI 2772727727727 777N7 YALID - NS/ 7/
JIIIIIIILLI2I P2 IL2T L7 P77 270002007070 072777N /N7
JIIIIIIIIL I L LTI IS LI IL LI L 227200 /N /7 7 \J
| | | | i i Va4
| | | | | |
_E_OQUTFUT: I [ Il
] [ {=mm T T ——— | |-
D
o {1 DS oy oy
| { | | 1 / 7/ | i |
J7777777777777777777727\ 7 7 7/ N /77
PIILIIIIIIIII 2727727777757 VALID \/777
JIIIIIIIIIII7 2707777777777\ | INSI7
JIIIIIIIIIIII I LI 2 0L F N\ /7 /N7
|| . 17 /
} | | |
NFUT S (TE) | ] b
i | ———l jo—=== T
Lo { | °S
L |' T | “7 Ton
TI7777 7700777777 7777N 7 N SITIIIIIIIIIT
JIIIIIIIIIIIIEII 772 INE VALID NIIILIILPI 717
JIIIIIIIIIIII ISP 777N INIIIILIIII 7707
[111107 0070007720447 7 N SONLISLIIS LI
| |
NFUT:(LE) P
— | fmmm e T
| o P
T T Tou
AN N SIIIIIIIIIIT Y
J7IN/ valID NSSIIIIIIII D777
I7777N INSIIIIIIII 7777
/7 7\ J ONIISIIIIII LS
TITLE GTIA CHIP ({(NTSC)




'p5) WRITE I/70 TIMING:

—_—

(MICROFROCESSOR WRITING TO THE GTIA)

\ 2,4Y———37/ \
I\ a Y
Nz AN 7 | I\
RN 0.8V=-=2/ | i\
| | | | | |
I I b .
b4 {“ Trus ”: : TruH I ’: :
J77772777/7N It oo | 1777,
R/H 2777777777\ ] . | I R YIS
e SILLIILIL N N DR IR A A L N221271,
VLA TN R IV I IsPe
1 - I |
] ] | | | | |
1 1 ] I 1 I [
e ———— ——— ———
SRR TessT 71| Tesn 77770 5T
/////////\ [ 1 | 2272
CHIF 1777777777\ [ [ V s7777.
SELECT ///7/7//77/7/7/7\1 I | V777777,
VIR0 TAN 1177777
] i | i } I
| [ ] 1 . ] I
P | {=—--- Tapg~——>1 | ) I
b l - = 1X==Tpy Lo )
b i T T T bl
S S N T S B
] -1 '
L7777 7777N 7 7720220002220 0702 000022020048
DORESS /1277777 7/\/ VALID NIIILTII I P I 227277777777 2277777.
JIF777777 77N ' INIIIIIII SIS 7777777777277 7777.
JI71222077 N VR I I TIPSR NI Ndd
P : I 1
P 1o | <-==Tpgy~="¥1 | .
1ol 1o | = I LS AN
S| [ | f ] | . ]
[ I 1 - |
b I ] | |
- i
N Y IR A R A AT A 27722
DATA CPIIIIIIIELL LIS LTSI SIS INS VALID \//177
EUS JIIITIIILT IS EL LI 722 L 7P 777777772 77777N INSSLY
JIIIIILII I L2 SIS LI/ 7077/777 N\ / N\/Z/

NOTE: ADDRESSES ARE CLOCKED IN ON THE LEADING EDGE OF 22,

J\ ATARS

GTIA CHIP (NTSC)
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- . CTIs FFIN LXXESTT
FIN % FIN MAME DESCRIFTION
1 Al Address Input
yd Al gddresse Input
3 Vss Ground )
4 D3 Czta Eus I/0
o --- =y D2 Dsta EBus I/0
& D1 Data EBEus 1/0
7 Do Data Bus I1I/0
8 . Y B | - Trigger Input with internal pull-up .
L 2R 5 Lo Trigeer Imputt with imteérrial  pull-up - .. ..
0 T2 T Trigger Input with internsl pull-up - - -
11 T3 Tricger Input with internzl pull-up
12 S0 . Switeh Date I/0
13 Ssi Switch Pata I/D
14. . .82 . - Switch Data I/D
15 53 ] Switen Dastas IT/0 -
14 N/C NOT CONMECTED
17 CEL Color delzy line zdjustment Inpuot
i8 AND ANTIC interface Inpurt
19 ANl ANTIC inmterfazce Inmput
20 AMNZ ANTIC interfzce Irmput
21 coL. Color frequency Output
22 L1 Luminagnce Ountput
23 L2 Luminance Output
249 .- L3 Ltuminance Output .
25 CSYNC Composite Symc Output
2 HALT Hzlt DOutprrt
27 - YDD Fower
2 0sC Oscillstor Input
29 FA0 Fast phase clock Output
30 jalrd Computer phese 2 Input
31 Lo Ltuminarnce Output
3z Cs1 Ehip Selerct Input
33 /W Fead/Hrite Input
34 D7 Datz Bus I1/0,
35 bé batz Ewus I/0
36 DS _ - Desta Euws I1/0
37 - D4 1T Data Bus I/0 -
38 -5 acdress Input
39 A3 Address Inputi
40 Az Arddress Input

~ Jil ATART

TITLE

GTIA CHIP (NTSC)




CONSOL

Fort

. GTIa &aDDRNESS T aEL E
i WRITE | READ
ddress 1 Name | Decscription | Name | Description
g |__HFOSFO | Horz. Fosit. Flaver 0 i MOFF | Rezd Missile To
1 | HFOSF1 | Horz. Fosit. Flayger 1 [ ™MiFF | Flayfield Colli<ion
2 [ HFOSF2 | .-Horz. Focit. Flayer 2 | MZFFE .
3 | _HFOSF3 | Horz. Fosit. Flzyer 3 | M3FF ]
4 | HFOSM9 | Horz. Fosit. Micssile 0 { FOFF | Read Flegser To
S | HFOSM1 | Horz. Fosit. Missile 1 |___FiFF | Flagfield Cellision
-6 - | HFOSMZ | Horz. Posit, Missile 2 - | F2PF ) T T
7 1 HPOSHI | Horz. Posit: Missile 3 |~ F3FF | :
8 | SIZEFQ | Size Flaver D | MOFL | Read Missile To
4 | SIZEP1 | Sixe Flzuer 1 | MI1FL ] Flauver Collisicns
[ | STIZEFZ | Size Flauer 2 [ M2FL |
E: - | STZEF3 | Size Flaver 3 | M3FL [ - . :
Cc 1 STIZ7EM ] Size All Micsiles | FOFL., | Read Flager To
D | GRAFFO0 | Grephics Flawer 0 i F1FL }] Flazyer Collisions
E | GRAFF1 | Graphics Flavyer 1 I FZFEL |
F I GRAFFZ2 | Graphice Flazer 2 | F3FL i
10 | GRAFF3 | Graphiecs Flaver 3 " TRIGSH | Read Jdoystick
11 | CRAFM | Grezphics All Mic=ciles ] TRIG1 | Trigger EButittons
12 | COLFMO [Color-lum of Flzuer-HMHissile 0] TRIGZ [
13 | COLFM1 jColor—lum af Plager—-Missile 11 TRIG3 H
14 | COLFMZ {Color—1um of Flaver-Missile 2| FaL IRezd FAL/NTSC Eits
15 | COLFM3 jColor—lum of Flayer—-Missile 3| | S
16 | COLFFD JColor-1lum of Flaufield O 1 |
17 ]| COLFF1 jColor-lum of Flaufield 1 { |
1B | COLFF2 |Color—1lum of Flzyfield ? | i
19 | COLFF3 {Color—1lum of Flayfield 3 | |
1A | COLEH IEglor—1um of Eackground ] |
ip ] FRIOGK | Prigrity Select : 1 |
iCcC | VDELAY | Vertical Delzw | |
iD ] GRACTL | Graphic Control | h|
iE | HITCLR | Collicion Clear I |
iF | | Write to Switeh I/D Fort | COGNSOL | Read fros Switch I/t
] I | ]
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- - GCTIA FFIN LILST
FIN FIN MAME DESCRIFTION
1 Al Address Input
2 Ao Address Input
3 Vss Ground .
4 D3 bzta Bus I/D
o ARG b bstzs EBus I/0
& Di Dztaz Ews I/0
7 Do Dats Ews I/0
8 - _ I8 Trigger Input with internal pull-up
S L L ¥Y L0 s Trigger Imputi with intermal pull-up ., -
10 T2 Trigger Input with intermsal pull—up
i1 T3 Trigger Inmput with internzl poll-up
12 SO . Switen Datz I/0
13 S1 Switeh Datz I/0
14. ... .82 Switch Data I/0
15 S3 Switch Data I/0 -
146 N/C NOT CONMNECTED
17 DEL Color delszsy line zdjustment Input
i8 AND ANTIC imterfTace Input
i9 AN ANTIC interface Imput
20 ANZ ANTIC interface Irput
21 COL. Colaor frequency Output
22 L1 Luminance Output
23 . Louminance Output
24 L3 Luminance Output :
25 CSYNC Composite Sync Output
2 HALT Hzlt Output
27 T UDD Fower
2 0scC Oscillastor Inmput
29 Fiao Fast phase clock BDutput
30 n2 Comprtter phzse 2 Inpuwt
31 _Lo Luminance Output
2 CS51 Chip Select Ifmput
33 R/W kRead/Hrite Input
34 D7 Dats Eus I/0,
35 D& Datz Ews T/0
34 ' D5 _ Deta EBEuws I/0
37 5””35-D4ﬂtﬁffﬁ'7~Daté.EUS‘I/D-T
38 A9 Address Imput
39 A3 Address Input
40 z Aodress Input
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