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TIA 1A

TELEVISION INTERFACE ADAPTOR (MODEL 1A)

GERNERXL DESCRIPTION

———- tpmmeme -

The TIALX is an MOS integrated circuit designed to inter-
face beetween an eight (8) bit microprocessor and a televisicn
vicdeo modulator and to convert eight (8) bit parallel data into
serial outputs for the color, luminosity, and compcsite sync
required by a video modulator.

This circuit operates on a "line by line® basis, always
ou4puting the same information every television line unless new
dat2 s written into it by the microprocessor.

A haréware sync counter produces horizontal sync timing
néesendent cf the microprocessor.
Vertical svnc timing is supplied
his circuit by the microprocessor and combinecd into composite
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Horizontal position counters are used to trigger the serial
ouvtput of five (5) horizontally moveable objects; two players,
twe missiles,ané a ball. The microprocessor can add or sub-
tract from these position counters to move these objects right
or left.

The microprocessor determines all vertical position and
motion by writing zeros or ones into object registers before
each appropriate horizontal line.

walls, clouds and other seldom moved objects are produced
by a low resolution data register called the playfield register.

A fifteen (15) bit collision register detects all fifteen
possible two object collisions between these six (6) objects
(five moveable and one playfield). This collision register
can be read and reset by the microprocessor. Six input ports
are also provided on this chip that can be read by the micro-
processor. These input ports and the collision register are
the only chip addresses that can be read by the microprocessor.
All other addresses are wWRITE only.

Color luminosity registers are included that can be pro-
grammed by the microprocessor with eight (8) luminosity and
fifteen (15) color values. A digital phase shifter is included
on this chip to provide a single color output with fifteen (15)
phase angles.

T™wo (2) independent audio generating circuits are included,

each with programmable freguency, noise content, and volume
control registers.



DETAIL DESCRIPTION

Sata and adcéressinc

recisters on this chip are addressed by the micro-
vrocessor as part of its overall RAM-RCH nendry srpace.
The attached table of read-write addresses sumzarizes
the addressable functions. There are no recisters
that are both read and write. Some addresses how-
ever are both read and write, with write data coing
into one recister and read data returning frenm 2
different register,

If the reacd-write line is iow, the data bits incicated
in this table will be written into the addressed
write location when the$2 clock goes from high to

lcw. Some registers are eight bits wide, soze ornly
one bit, ar some (strobes) have no bits, performing
oniy control functions (such as resets) when their
address is written.

I1f the reacd-write line is hich, the addressed iocation
can be reaé by the microprocessor on cdata lines 6 and
7 while thedR clock is high.

The adlresses given in the table refer only tc the
six (6) rezl address lines. If any of the four (4)
chip select lines zre used for addressing,

the adéresses nust be modified accordingly.

Svncronization
—

A. Borizontal Timinc

2 bardware counter on this chip produces 21l hori-
zontal tirming {such as sync, blanK, burs<) incepen-
dent of the microprocessor, This counter is drivew
from an external 3.58 MSZ oscillator ané has a
total count of 228. Blank is decoded as 68 counts
ané sync and coior burst as 16 counts.

8. Vertical Timinc

There are one bit, addressable recisters on this
chip for vertical sync and vertical blark. The
timing for these functions is established by
the microprocessor by writing zero or one into
these bits. (VSYNC, V BLANK)

C. Composite Sync

Borizontal sync and the output of the vertical
sync bit are combined together to produce com-
posite sync. This composite sync signal drives
a chip output pad to an external composite video
resister network.

D. Microprocessor Synchronization

The 3.58 MHZ oscillator also clocks a divide by



three counter on this chip whose output (1.13 M32)

{s buffered to drive an output pad called F#0.

This pad provides the input phase zero clock to

the microprocessor which then procuces the system (- %X
clock (1.19 MiZ).

Software program loops reqguire different lengths

of time tS run depending on branch éecisions

made within the program, Additional svnchronization

(Shown in Figure 2) is, therefore, required be-

tween the software and hardware. This is done

with a one bit iatch called WSYNC (wait for sync).

when the microprocessor finishes a routine such

as loading recgisters for a horizontal line, or

computing new vertical locations during vertical

blank, it can address WSYNC, setting this liatch

high. When-this latch is high, it drives an

output pad to zero connected to the microprocessor

ready line (RDY). A zero on this line causes

the microprocessor to halt and wait.As shown in

figure 2, WSYNC latch is automatically reset tO zeId

by the leading edge of the next horizontal blank

timing signal, releasing the #”DY line, allowing

the microprocessor to begin its computation and

recgister writing for this horizontal television

line or line pair.

Ffiavfield craphics Register

-«
Hoe

Description

Objects, (such as walils, clouds, ané score) which
are not recuired to move, are written into a 20
bit register called the plavfield register. This
register (Figure 5) is loaded from the data bus

by three separate write addresses (PFO, PFl, PF2).
Playfield may be loaded at any time. To clear

the playfield, zeros must be written intc all
three addresses.

Normal Serial Output

The playfield register is avtomatically scanned

(and converted to serial output) by a bi-direct-
ional shift register clocked at a rate which spreacs
the twenty (20) bits out over the left half of

a horizontal line. This scanning is initiated

by the end of horizontal blank (lef+ edge of tele-
vision screen). Normally the same scan is then
repeated, duplicating the same twenty (20) bit

sequence over the right half of the horizontal
line.

Reflected Serial. Output

A relected playfield may be requested by writing



a one into bit zero of the playfield control re-
gister (CTRLPF). When this bit is true the
scanning shift register will scan the oppcsite
direction during the richt haif of the hori-

zontal line, reversing the twenty (20) bit secuence.

Timing Constraints

Zven thouch the playfield bytes (PFO, PFl, PF2)
pay be written at any time, il one of then is
changed while being serially scanned, part of
the new value may both show up on the television
horizontal line.

4., Eorizontal Position Courters

2.

B:..

Description

The plavfieid is a "fixed" c¢vaphics register,
always starting its serial cutput when triggered
by the becinning of each television line.

This chip also includes five "moveable” graphics
recisters, whose seriai outputls are triccered

by five separate horizental pcsition counters
every tire these counters pass through zero
count. These position counters #re clocked
continuously éuring the unblanke portion of
every horizcntal line and their count iencth

is exactly egual to the ncrmal number of clocks
supplied to them durinc this time. They will
therefore pass through zero at the same time

duv. ing each horizontal television line and the
triggered outputs will have no horizontal
motion. A tyvrpical horizontal counter is shown
in ficure 4.

If extra clocks are supplied to these counters
(or normal clocks surpressed) the zero crossing
sime will shift anéd he object will have moved
jeft (extra clocks) cr right (fewer Clocks).
Some position counters have extra decodes

(in addition to a zero decode) to trigger multiple
czpies of the same ob3ject across a horizontal
line.

All position counters can be reset to zero count
by the microprocessor at any time, by a write
instruction to the reset addresses (RESBL, RESMC,
RESM1, RESPO, RESPl). 1If reset occurs during
horizontal blank, the object will appear at

the left side of the television screemi. Pro--
perly timed resets may position an object.

at any horizontal location ccnsistent with the
nicroprocessor cycle tine.

.Ball Position Counter

The ball position counter has only the 2ero



crossing decode and therefore cannot trigcer
multiple copies of the ball graphics.

C. Plaver Position Counters

Each plaver position counter has three decoles
in addition to the zero crcssing decode. Th-se
decodes are coantrolled by bits 0,),2 of the

I mber size control registers (NUSIZ0, NUSIZ1),
and trigger 1,2, or 3 ccpies of the player

(at various spacings) across a horizontal line
as shown on pace 2.0 . These same contrcl bits
are used for the decocdes on the missile position
counter, insuvring an egual number of plavers

and rmissiles.

9, ‘Missile Fosition Counters

Missile pcsition counters are icdentical to
plaver pesiton counters except that they azve
another type of reset in addition to the pre-
viousliy discussed horizontal pcsition reset.
These extra reset addresses (RSSMPJ, RESMPL)
write data bit 1 into a one bit register whcse
outzut is used to position the missile (horizon-
tally) directly on top of its correspondéing
player, ané to disabie the missile serial out-
put.

€, EBerizontal Motion Recisters

A. General Description

There are five write only registers on this
chip that contain the horizontal motion vaiues
for each of the five moving objects. A typical
horizontal motion register is shewn in figure
4. . The data bus (bits4 through7 ) is writiten
intc these addresses (EMPO, BEMPl, HMMO,

HEMM1, EMBL) to load these registers with motion
values. These registers supply extra (or
fewer) clocks to the horizantal position counters
only when commanded to do so by an EMOVE
address fronm the microprocessor. These re-
gisters rmay all be cleared to zero (no mc.ioni
simultaneously by an BEMCLR command

fror the microprocessor, or individualiy by
loading zeros into each register.

These registers are each four bits in length
and may be loaded with positive (left motion),
negative (right motion) or zero (no motion)
values. Negative values are represented

in twos complement format.



D. Tir ing Constraints

These registers may be loaded or cleared atalmost

any time. The motion, values they contain will

be used only when an HMOVE command is addressed,

and then all five motion values will be used

simultaneosusly into all five horizontal position

counters once. The only timing constraint on

this cperation {nvoives the EMOVE command.

The EMOVE comzand must be located in the micro-

processor prograa immediately-after a wait

for sync (WSYNC) comsand,., This insures that

the ENOVE operation begins at the leading edge

of hoxizontal blank, and has the full blank

tine to supply extra or fever clocks to the

horizontal position counters. 7hese registers should

pot be mdifled for at least 24 Coiputer cycles after the
6. FEoving Obiect Graphics Registers BMove cormand.

A. General Description

There are five graphics registers for moving
objects on this chip. These graphics registers
are loaded (written) in parallel by the micro-
processor and likxe the playfield racister

are scanned and cocnverted tc serial output.
Tnlike the plavfielé recister, which is always
scanned becinning at the left side of each hori-
zontal line, moving obiect craphics registers
are scanned only when trigcered by a start
dacode from their horizontal position counter.
A typical craphics register is showa in £figure
4

B. Missile Graohics

The graphics recisters for both missiles are
identical and very simple. They each consist
of a one bit register called missile enable
(ENAMO, ENAMI). This graphics bit is scanned
(outputed) only when trigcered by its corre-
sponding position counter. There are control
bits (bits 4,5, of NUSI20, NUSIZl) that can
stretch this single graphics bit out over
widths of 1, 2, 4, or 8 clocks of horizontal
line time. (A full line is 160 clocks),

C. Plaver Graphics

The graphics registers for both players are
identical and are rather complex. They each
consist of eight bit parallel registers (GRPO,
GRP1) and a bi-directional parallel to serial



scan counter that converts the parallel cdata
into serial output.

A cne bit control recister (REFPO, REFPl) ce-
termines the direction (reflectior) of the
parallel to serial scan, outputing either

D7 throuch DO, or DO through D7. This ailows
reflection (horizontal flipping) of plaver
serial graphics data without having to flip
+he microprocessor data.

The clock into the scan counter can be controlled
(three bits of NUSIZO0 and NUSIZ1l) to slow
the scan rate and stretch the eight bits of
serial craphics out over widths of &, 16,

or 32 ciocks of horizontal line time. These
sane cortrol bits are used in the player-
missile motion counters to control multipie
cogcies, so only three piayer widths (scan
rates) are available.

Vertical Delav,

Each of the player graphics registers actualily
consists of two 8 bit.paraliel recisters.

mhe first (GRPO, GRPl) is loadec (written)
from the microprocessor 8 bit cata bus., T
seccnd is automatically loaded from the ouz-
put of the first. The reason ZoI this is 2
ccnz-lex subject called vertical celay.

A larce amount of microprocessor time is Te-
quired to generate plaver, missile and plaxr-
field craphics (table look up, masking,
comparisons,-ect.) and lcad these into this
chip's registers. For most came pPrograzs this
time is just too large to fit into one borizontal
line time. 1In fact for most games it will
barely fit into two line times (127 wicroseconcs).
Therefore, individual graphics registers are
lcaded (written) every two lines, and used
twice for serial output between loacés.

This type of programming will obviously lipit
the vertical height resolution of objects

to multiples of two lines. It also will
1imit the resolution of vertical motion to
two lines jumps.

Nothing can be done about the vertical

height resolution; hcwever, vertical motion
can be resolved to a single line by addition
of a second graphics register that is auto-
matically parallel loaded from the output

of the first, one line time after the first
was loaded from the cdata bus., This second graphics
register output is therefore always delayec
vertically by one line. A control bit called



vertical éelay (VDELO, VDELl) selects which
of these two registers is to be used for
serial output. 1I£ this control bit is set

by the microprocessor between picture frames
the object will be moved:down (ceiayed) by
one line durinc the next frame.

In most programnming applications player 0
graphics and plaver 1 graphics are loaded
(writter) alternately, during the blank time
just prior to each line as shown in (figure 1).
Since GRF0 and GRPl addresses from the micro-
processor alternate, they are celayed by

one line from each other. The GRPO adcress
cecode can therefore be used to load the de-
laved graphics recister for player 1, and
GRP1l likewise to load the ceiayed graphics
register for player 0. The two vertical de-
lay bits (VDELO, VDEL1l) then select celayed
or undelaved registers for player 0 and

player 1 2as serial outputs.

£. Ball Graphics

The ball craphics register is almost identical
to the nissile graphics recister. It also
consicsts of a singlie enable bit (ENABL) whcse
output s tricgered by the ball position counter.
It 2iso has two ccntrol bits (bits 4, 5 ol
CTRLPF) that can stretch this single craprics
bit out over widths of 1, 2, 4, or B clocks

of horizontal line time.

Urnlike the missile graphics, however, the

ball craphics register has capability for
vertical delay similar to the plaver craphics.

A second craphics (enable) bit is alternately
loaded from the output of the first, one

line after the first was loaced from the data
bus. A ball vertical delay bit (VDZLBL) se-
lects which of these two graphics bits is

used for the ball serial output. The first
graphics bit (ENABL) should be locaded during the
sane horizontal blank time as plaver. 0 (GRPO), be-
cause GRPl is used to load the second enakble

bit from the output of the {irst oa alternate
lines.

7. Collision Detection latches

A. Definitions

The serial outputs from all the graphics re-
gisters represent real time horizontal location
of objects on the televisicn screen. 1If any
of these outputs occur at the same time,



they will overlap (collide) on the screen. There are six objects
generated on this chip {five moving and playfield elloving

fifteen possible tvo object collisions. These overlaps (collisions)

are detected by fifteen "and" gates whenever they occur, apd

are storec in fifteen incividual latch register bits, as shown in figure
€.

E. Fesding Collision:

The microprocessor can read these fifteen collision bits on

dsta lines 6 and 7 by addressing them two at a time. This

could te dome st any time but is usually done between frames
{ouring vertical blank) after all possible collisions have serially
occured.

C. Feset

All collision bits are reset simultaneously by the microprocessor
using the reset address CXCLR. This is usually done near the
end of vertical blank, after collisions have been testec.

E. 1rout ports

- ot e o

A. GCenerz) Description

There are & input ports on this chip whose logic state mav be
read on cdata line 7 with read addresses INPTD through INPTS.
These 6 ports are divided into two types, "gumpec" and "latchel".
See Figure B.

6. Dumped Input Forts (10 through 13)

These 4 input ports sre normally used to read paddle position from
an extarnal potentiometer-capacitor circuit. In order to discharge
these capacitors each of these input ports has a large transistor,
vhich may be turned on grounding the input ports) by writinc into
bit 7 of the register VBLANK. When this control bit is cleared the
pstentimeters begin to recharge the capacitors and the microprocessor

measures the time required to detect a logic 1 at each input port.
hs long as bit 7 of register VBLANK is 2ero, these four ports

are general purpose high inpedance input ports. When this bit is a
1 these ports are grounded.

C. Llatched Input ports (14, 15)

These two input ports have latches which can be enabled or disabled
by writing into bit 6 of register VBLANK.

when disabled, these latches are removed from the circuit completly
and these ports become two general purpose input ports, wvhose
present logic state can be resd directly by the microprocessor.

When enabled, these latches will store negative zero logic level)
signals appearing on these tvo input ports, and the input port
addresses will resd the latches instead of the input ports.



Latched Input Ports (14, 15) - continued

When first enabled these latches wvill remain positive as
long as the input ports remain positive (logic one:. A
zero input port signal will clear a latch value to zerc,
vhere it vill remsin {even afier the port returns pasitive’
until disabled. Both latches may be simultaneously
cisabled by vriting a zero into bit 6 of register VSLANK,

¢ .S Priority Encocer

A. Purpose

As discussed in the section on collisions,
simultaneous serial outputs from the grapbics
recisters represent overizp on the television
screen. iIn order to have color-luminosity
values assigned to individual objects it is
necessarv to establish priorities between
objects when overlappeé. The priority encoder
is shown in figure 3.

B. Priority Assicnment

The lack of any objects results in a coler-lu=
value calied the background. The background
(BK) has lowest priority andé only appears when
no obiects 2re outputing. In order to simplily
the logic each missile is civen the sane coloz~-
jum value ané priority as it's corresponding
plaver (PO, MO) and the ball is given the saxre
coior-lum value and priority as the playfield

(PF, BL).
The following table illustrates the normal priority
assignment:

Sichest Priority PO, MO

Second Aighest Pl, M

Third Highest PF, BL

iowest Priority BK

Objects with higher priority will appear to

move in front of objects with lower priority.
Plavers will therefore move in front of playfield
(clouds, walls, etc.).

C. Priority Control

There are two playfield control bits that affect
priority, one called playfield priority(PFP) (bit 2 of
CTRLPF) and one called s:ore (bit 1 of CTRLPF) .

When a one is written into the PFP bit the priority
assignment is modified as shown below.

Eighest Priority PF, BL
Second Highest PO, MO
Third Highest P1, M1

Lowest Priority BK
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Players will then move behind playfield (ciouds,
wall, etc.).

When a one is written into the score control
bit, the playfield is forced to take the color-
lum of player 0 in the left half of the screen
and plaver 1 in the right half of the screen.
This is used when displaying score and identifies
the score with the correct player.

The priority enco der produces 4 register select
lines (shkown in figure 3) that are mutesally
exclusive. These 4 lines select either back-
ground, ¢ ayer 0, player 1 or playfield, and
only ore c¢f them can be true at a time.

Color Luminznce Registers

-

A. Description

There are four registers (shown in figure 3) that
contain color-ium codes. Four bits of coler

code and three bits of luminance code may be
written into each of these registers (COLU?0,
COLUPl, COLUPF, COLTUEK) by the microprocessor

at any time. These ccles (representing 1€ color
values and 8 luminance values) are given in

the Detailed Adéress List.

8. Multiolexinc

mhe ser:izil graphics output from all six cblects
is exarined by the priority encoder which
activates one of the four select lines intd

a ¢ X 7 nultiplexer. This multiplexer (shown

in figure 3) then selects one of the four color-
lur recisters as a 7 line output. Three

of these lines are binary coded luminosity anc
go directly to chip output pads. The other

four lines go to the color phase shifter.

Color Phase Shifter

This portion of the chip (shown in figure 3) procduces
a reference color output (color burst) during hori-
zontal blark and then during the unblanked portion
of the line it produces a color output shifted

in phase with respect to the color burst.. The

The amount of phase shift determines the color and
is selected by the four color code lines from the
Color-lum multiplexer. Binary code 0 selects no
color. Code 1 selects gold (same phase as color
burst) . Cocées 2 (0010) through 15 (1111) shiZlt

the phase from zero through almost 360 degrees
allowing selection of 15 total colors around the
television color wheel.



11.

ﬁglio;Circuits

Two audio circuits are incorporated on this chip.

They are identical and completely independent, 2al-
though their outputs could be combined externally

into one speaker. Each audio circuit consists of

parts described below, and in figure 7.

A.

Frecuency Select

Ciock pulses (at approximately 30 KHZ) froz
the horizental sync counter pass through 2
*3ivide by N" circuit which is controllel

by the output code from a five bit frequency
register (AUDF). This register can be licaded
(written) Ly the microprocessor at any tine,
and causes the 30 K38Z clocks to be dividel

bv 1 (code 00000) through 32. (coce 11111).
This produces pulses that are cdigitally ac-
justable froxz approximately 30 KBZ to l K22
and are usad to clock the ncise-tone cenerator.

Noise-Tone Generator

This circuit contains a nine bit shift counter
which may be controllec by the ouput code £rc=

a four bit audio control register (AUDC),

and is clocked by the frecuency select circuiz.
The control register can be icaded by the micro-
processor at any time, and selects different
shift counter feedback taps and count lencths

to produce a variety of noise ancd tone guzlities.

volurce Select

The shift counter ouput is used to drive the
audio output pad through fouxr driver transistors
that are graduated in size. Each transistor

is twice as large as the previous oOne anc

is enabled by one bit from the audio volune
register (AUDV). This audio volume recister
may be loaded by the microprocessor at ajy time.
As binary codes 0 through 15 are loaded, the
pad drive transistors are enabled in a binary
sequence. The shift counter output therefore
can pull down on the audio ouput pad with 16
selectable impedance levels.
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WRITE ADDRESS DETRILED FUAMCTIONS

WSYNVC watt «Qev S"a' ne

THiS ADODRESS HALTS MICROPROCESSON BYX CLEARING
RDY LATCH To LERO. RDY 15 SET TRVE ACAINVN BY
THE LERDING EDGE 0F HORIRONTAL BLANK.,

DATH BITS NoT USED |

RSYNC R&T  Ignc

THIS ADDRESS RESETS THE HORIZONMNTAL SYNC COUNMNTEN
TO DEFWE THE BEGCINNING OF HORIZONTAL BLAVIC TIME,
ANMD 1S USED ¥ CHIP TESTING.

DATA BITS NOT VSED

VSINC

“THIS ADDRESS COMNTROLS VERTICAL SYAC Time GX
WRITING Dl IWMTD THE VSYNVC LATCH.

cees NOTUSED = =c-- | DI |---]

l START VERT. sYAVC
o SToP VERT, SYNMC

\ BLANX. THis RODRESS CowTROLS VERTICAL

BLANK ANVND THE LATCHES ANMD DUMPING TRAMNSISTORS
oN TRHE WWPUT PORTS IBY WRITING INTO RBITS

’D7) DL A¥O DY OF THE VBLANMK REGCISTER .

DI | START VERT. BLAMIX
pioe] ==t % D4 o sToP VERT. BLANK

NOTE ; DISSABLE LATCHES DL{‘ ENAGLE T4 Ts LATCHES
D7

(D6 =0) ALSP RESETS O DISSABLE T4 Is LATCHES

LATCHES TO LO6IC TRVE
1 bumpP IeTi I212 POoRTS TO GROUND
O REMOVE DVUMP PATH To GROVND




PEB(PFL,PF2)

THESE AODDRESSES ARE USED TO WRITE INTO THE
PLAYFIELD REGISTERS

7|06 {05 {ox | X | XX |X| PFe

p7 {D6|DS|D4|D3 |D2|DI {DB | PFL

D1|Db |D5| D4 D3 |p2|D1 | DB PFL

PLAYFLELD REGISTERS SERIAL OVUTPUT
- | HORIZONTAL LINE PLAYFIELD
‘ (leo cLocks) "l REFLECT COMTROY

7 ole el CE] U olo 11 REF=0

PFe PF\ PFZ 'PFe@ PF) PFZ
: — |¢— EACH QIT = 4 LLOEKS
717 olo 717 olo 717 REF=1
PFe PFI PFL : PF2 PFI PFe
[4
LENTER
CTRLPF

THIS AODRESS 1S VSED TO WRITE IA/TO THE

PLAYFIELO CONTROL REGISTER A LOGIC 1. CAVSES ACTION {
AS DESCRIGED BELOW

XX |ps|or] X D'L‘D‘ i r—REF(REFLECT PLAXFIELD)

1‘ [Sco rua(z.s £T KALE OF PLAYFIE
GETS COLOR OF PLAYER S
RIGHT RALE GETS COLOR
OF PLAYER 1.)

PFP(PLAYFIELD CETS PRIORITY
OVER PLAYERS SO THEY
MOVE. BEMIMS PLRYF:&LA)

BALL SIZE

05 D4 _WIOTAH

o (4 I CLOCK
o | 2 CLoCKS
i

!

(74 4 LLOCIKS
1 8 CLOCKKS




NUSIZO (NUSTZ1)

TRESE AODRESSES COMTROL THE NMUMBER AMD

SI2E

X

X\ bs| D4

Dz.|b| D9

OF FLAYERS RA/O MISSILES .

X

~

J

Y

MiSSILE SIXE

,t

o
o

{
t

>DS DA WIOTH

o
t

o
!

| CLOCK
2 CLOLKS
4 CLOCKS
8 CLOCKS

PLANER=MISSILE NUMBER ¢ PLANER SIRE

<

! TEBLAVISION LINE

(te0 CLOCKS)

—_—

DESLRIPTION

ol

ONE COPY

Two CoPIES
CloseE

TWO COPIES
MED

THREE (OFIES
CLOSE

Twe COPIES
wiog

DoUBLE SIZE
PLAYER

3 CoPIES
MEDIUM

QVAD $ItE

PLAYER




RESPO (RESPI, RESMB,RESMI, RESBL)

THESE AODRESSES ARE VSED TO RESET PLAYEARS
MISSILES RAMD TRE RALL, THE DATECT WIWL BEGIV ITS
SERIAL GRAPRICS AT THAT Time OF A HORITONMTAL LINE
AT WKICH THE RGSET ROORESS OCCURS.

¥ v v v \]

NO DATA BITS ARE VSED

RESMPO (RESMPL)

THESE ADORESSGS ARE USEN T O RESET THE HORIZ.
LOLATION OF R MISSILE TO THE CENTCER OF IT's

CORRESPOVDING PLAYER. AS LONG RS THIS CONTROL BT
1s TRVENTHE MISSILE WILL REMAIN LOCKED To THE
CENTER OF IT'S PLAYER AND THE MISSILE GRAPHICS
WiLL BE DISSABLEO, WHEN A ZERQ 1S WRITTEN INTO
THIS LOCATION THE MISSILE 15 ENABLED, AWD CAA
BE MOVED INDEPENOENTLY FROM THE PLAYEN .

T (DI X

&RESMP (missite-pLAYER RESET)

HMOVE

THIS ADORESS CAUVSES THE HORIZONTAL MOTioAN
REGISTEA VALVES To BE ALTED UPON DURING THE
HORLZONTAL BLAVK TIME A WHICK IT OCCURS., 1T
MUST OCLUR AT THE BEGINNVMING OF HORIZ. BLANVK
IV OROEA TO ALLOW TIME FOR GENEAARTION OF EXTRA

CLOCKK PULSES IMTO THE 1Ho0RIZDANMTRL POSITION COUNTERS -
TF MOTION |§ DESIRED, THIS COMMAND MmMUST IMMENIATELY
FoLLOW A WSYAMC COMMANVD IN THE PROLRAM.

MO DATA DITS ARE USED

HMCLR

THIS ADDNESS CLEARS ALL HOMZONTAL MOTiowv
RECISTEAS TDO RLER O (//a Mmonown)

NO DATA BITS ARE VSEOD




HMPE(H M PI, HMM&, Hmm), HMBL)

THESE RODRESSES WRITE DATA (Hom'zo/vmt.
MOTION VALVES) INTO “THE HORIZONTAL MOTION
REGISTER S, “THESE REGISTERS Wil CAVSE HORIZOWNTARL
MOTIOAS ONLY WHEN COMMANDED To DO SO QY TKNE
HORIE. MOVE commAanvs HMOVE.

THE MOTION VALVES ARE CODED RS SHOWWN BELOW

D7IDEJDS | DY

I R T s 2

o b 1@ Te MOVE LEFT

O { O 1 £S5

{VDICATED MVUMBER

ot 0 0 +% > OF CLOCKS

0O O O | 43

0O O ! O +72

O O o 1 +1./

O 0O 0O © 0 NO MOTION

TR T -1 )

l \ i1 O -2

it 1 0 1 =3 | move micuT

i1 1+ O 0O -9 ? {INVMDICATED NVMBER
{ O |} 1 -5 OF CLOCILKS

\ o |\ o -

i 0 O | -7

| 00O O =%/

WARNING: These motion registers should not be modified during the 24
Computer cycles immediately following an E Move command.
Unpredictable motion values may result.

EVAME (ENAML, ENABL)

THESE RNDRESSES WRITE DI IANTDO TKHE | MT
MISSILE PR BALL GRAPHICS RECISTERS .

L I

O  DISSABLES ORTECT
| EVANLES ORTECT




GRPB(ERPL)

“THESE ADORESSES

WRITE DRTA INTD THE

PLAYER OGRAPRHICS REGISTERS

D7|{DE|DS|D4[D3|DZf DI | DE

PLAVER GRAPH\CS REG\STER SERIAL OUTPVUT

CROSSES BERO

< ON = HORIZONTAL LINE -—'* PLAYER REFLE(T
CONTROL
9 REFPE=0
: GRPO r) '{-Cd
TR REFPO=I
--—a é—— SERIAL OVUTPVUT BBEGINS

onN GRPL oVTPUT

REFPL RCTS
WHEN POSITION COVMTER 6,45 SAME WAY )

REFPO(REEP)
THESE AODORESSES

WRITE D2 \W~MTO THE 4 BIT

PLAYEARA REFLECT REGISTERARS.

- v

e——e—al | }) ———

O w~no REFLECT (DT 0F GRP OV LEFT)
| rerFLecT (DB OF GRP on LEFT)

VDELPO(VDELPI,VDELBL)

TRESEC AOORESSES WRITE DO WWTO THE | BIT
VERTICA\L DBELAY REG!S‘TGRi,‘TD DELAY PLAYEANS OR
BALL nY OVE VERTICAL LINE,

——

D8

O NO DELAY
! DELAYX

CXCLR

Yo 2EA0 (VO coLLision)

THIS ANDRESS CLLEANS ALL COLLISION LATCHES

[DATA RITS AoT VSED




COoLUPB(COLUPL, COLUPF, COLVBK)

THESE RODRESSES WRITE DATA tNVNTe TRE
PLAYER, PLAXFIELD , AN#D BACKGROUNVO CcOLOR -
LUMINENCE PREGISTERS .

CoLorR LUM
. ¢
r ~
COLOR |D7]|Db]D5|D4}D3{DL DI X Lum

GAeY - GoLb O 06 00jo O © BLACK

© 0 D 1 Q O | DARK GREX

© 0 I ol O 1 O ‘
ORaAa N A "OP\G ¢
Aance ,ALO o oo t t|] 0O 1 | GR.E.‘(

o' 0 O | O ©O .
n - .
ANK - PuppLe 6 1 o1l o 1 f
RP-BLue BLue 2 VYV o1t 1 O LIGHT GREY
PK brue o 1 | | I | ( WHITE
BLue -LT.6Lue | © 0 0

I O 0 1

t ¢ + O
0AQ -~ GAN.pLUEC
TOAQ &L Lo 1 |
éan.-Yer,.cAn. ItV D O

) I 0O |
o0RG,6AN-\LT.0AG. | ) I O

| [ |

AVDFE (AUDFL)

THESE ANDDAREISES WRITE DATA INTO TN E
AVDIC FREQUENLY DIVINER REGISTERS.,

=

(@
e

DYR

DI

DBl 30KHZ DIVIDED RY

- 000

|

o 0
o ©°
o |

O DWIDE Y 1 (Mo Divisiow)
I DIVIDE BY 2
0 DIVIDE BY 3

O DIWVIDE BY 3
I DIVIDE BY 32




ALD CB(AVDCL)

THESE ADDRESSES WRITE DATA IMNTD THE AVOIO
CONTROL REGISTEAS WHILH CONTROL THE AGISE
CONTENT AMO ADOITIONAL DIVISION OF THE
AUDIO OVTPYT,

>< D3| DLDI|PE “INPE OF MDISE
REX CODE OR DIVISIO V
o © 0 0 O SET TO 1
| O 0O 0 | 4 BIT POLY
A c O | o +15->4BIT POLY
) o 0 I | 5BITPPLY+4BIT POLY
4 o | 0 0 S A .
s O I o | +2 g fureTent
o O I | O 3|
y o 1 1 1 SBIT POLY~> 52
g i 0 0 O q BIT POLY (WHITE MaiSE)
q 1 0 0 | 5 RIT POLY
A \ 0 | © =31 (] pu hre
) 1 O 1 1 SETLAST 4 BITS TO L
o I 1 O O =6
D 1 1 0 A ars AL
E 1 v+ V\ © +93
= S U T § BIT POLY +6
AVDVE(AVUDVL)

THESE ADONRESSES WRITE DATA 4T THRE
AUDID VOLUME REECISTERIY WHICK SET THE PULL DOWaw
IMPEDANLCE. DRIVING THE AUDID OVTPUT PANS.,

AUNID OVTPUT
|_—>——_[03|P2|DI{ D8] Py noww CURRENT

MO OUTPVT CURRENT
LOWEST

(o)
0
(o)
!
!

o
!
o
o
|

HIGHEST




WRITE ADDRESS SUMMARY Prel OF 2
. 2T
mers| (A LTS | FuncTion
00|00| VSNYNC | |verTicaL sYVC SET-CLEAR
o110l VBLANK|! I | |VeERTICAL BLAVNK SET-CLEAR
02| 02| WSINC | STRIDBE | 5P hoeis bomm summee
03|03 RSYNC STRIOBE R T e -
04|04 |NVSIZE B N | M e ©
05 |05|NVUSI2 L Y TR B4 A
OLlos|CcoLuPe |1 YT U] VI COLOR.-LUM PLAYER &
o7lo7lcoLvpPy LT 1TV COLUR =LUM PLAYER 1
1ologlCOLUPF |1 111 IR COLOR.-LVM PLRAYFIELD
f1loglcowud | vy COLORL = LUM BACKGROUAND
2 [onlcTRiPF | 11| 11| SO AN Bstons
j13|0B| REFFE I REFLECT PLANER ©
14 10C| REFPL 1 REFLECT PLAYER 4
islop| PFe BER! PLAYR ELD REG. GXTE &
l6|O0E| PF L t111lt v ] PLRY FIELE REG. BYTE L
I7T|OF| PFZ P11l 1| PLARY FIELD REG. BYTE 2
20|10| RESPE STRCRE IRESET PLAYER 6
21 1| RESPI STR|DBE RESLET PLAYER 1
2112 REsMe STRORE RESET MISSILE &
23| 13| REsMI STRIOBE RESIET MISSILE L
24| 14| RESBL STRIOBE REYET RALL
25| 15| AvVDCSE ''111]| AUDID coNTROL &
2blIG] AVUDCL (1 11] AUDID cONTROL A

REV.
OV T
1972¢



WRITE ADPDRESS SUMMARY Fe2 oF 2
G &IT ,
i WAmE - D:EE‘%“;:Sl - FUNCTION
27117| RUDFB@E 1f1 111l Avere erERUENCY S
20|18 AVDFL 111t 1 1] AVUDIO FREGUVENCY L
3119 AVDVO I 111l Avore voume e
32| 1Al ALD VI 1 1V 1] AvdiD VvOLUME 4
33113 | GRPSB trtilvt 11| erAPHICS FLAYER 8
34|iC| RPL PP Ll ) V] CRAPHICS PLAVER L
35|10 ENAMSE I | crAPRICS (EVABLE) MISSILE ©
IL|IVE| ENAMA | | ¢rRAPHICS (ENf\GLE.)MUS'LE. 4
37(\F| EnvABL | |erRAPHICS (EVARLE) BALL
xolzo| HmPe |11 11 HOR RONTAL MOTION PLAYER ©
41121 HMPL [ T HORIEONTARL MDTION PLANER 1L
g21272| HMme |1 1y HORIZRONTAL MOTION MISSILE 8
43|23 HMML |1 1 k) HURITUMNTRL MOTION MISSILE 4
44|24 HMBL |11 11 HORIROMNTAL MOTIVNV BALL
45|25| VDELFSH || YERT\CAL DELAY PLAYER @
4Ll26| VDELPA 1| VERTILAL DELAY TPLAYER 1L
47|27| VDELBL 1| vermeaL DELAY BALL
50|z8| RESmMFe® | | ResET MissiLE @ TD PLAYER &
51|28 RESMPL 1 | RESET MS3ILE 1 TD PLAYER L
EZ|2A] HMOVE STIROGE APPLY RORIZRONTAL MBTION
S3|12B| HMCLR STRIOBE CLEAR HORIZ, MOTION REGS.
54 |2C| CXCLR STRPRE CLERR COLLIS\ON LATCHES




READ ANDRESS SUMMARY F& 1 oF |
Auppess WAmE -1 FUNCTION
OCT|HEX T7¢es43210 D7 D6
ooloo| cxmee |1 | READ (DLV\SIDN | MB-PY [ ME /P8
ot|ot| cxmi® |11 " M1 PB|MI Pl
02|02| cxpPeFB|l | ] PBPF| PBBL
03|03 CxPIFB |1 | ¥ Pl:PF| PI+ BL
04{04| cxmore |1 1 MEPE|Me1BL
oslos| cxmiFe |1 | M1 PE[ MY «BL
06|06| CXBLPE|I BL:PF ’,‘-};5?‘_:'
o7lo7| expemm |1 | Po R\ (MO M)
1o |og| TVPTE || READ POT PORT| Ie
(1 {ogqlTvPTY |! READ POT PORT| T\ S
2 loalzveT 2 | reAp PoTPRT| T2 | Y/
3|08l NPT 3 |1 READ POT PORT| L3 H
14 loc|Tver 4 |1 READ WAVT | T4 |/ \
vslon|IveTs | reao veuT | TS5 |0\
NoTE - 1o, I1.72, 13
cAN be groundeol under
ScfTwWare CLONTROL.
T L nooes amden
SofTwAaRe CONTROL.

REV
Nov

137¢
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e wem e

CHARACTERISTIC

SYMEOL

MAN | TNR MP:X I UMT
£SC CYLLE TiAE TC |20 [280] - - |wNsec
PE2 DVTY CvCLE | TC/ieve (145 1 60 | 55 irepiews
LI0 RISE-FALL Tires| TRC -Tre ' 25 | vseC
0 {csc+2) pruax To 100 | NSEC
D0 Rz~ FAan TWAES | TRO-TED 25 | NSEC
GPLDATA cLo) BElAy T2 25D | NSEC
FURSANAKNLE DELAY Tevr 100 | NSEC
IR SVE DELAY TYs 100 | NSEc
HORIR CYNC DELAY THs 100 | NgEC
WAMT FOR SY/C DELAY Tws 100 | MSEC
READY DELAY T Rdy 100 { NSEC
2l-ADD LTAD TiMe TLEAD 120 NSEC
“ATA RUsiean mme| TDATA | 200 N SEC
CES=RATA w2 Tl Twowd | ap N SEC
Tl RsE-F2 Time| TRrRe?2 2S5 | VSEC

iRCAD oATA LR TIME] TOLAG 395 | NSEC

TIA TIMINVE CHARKCTERISTICS
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SARA PROGRAMMING INSTRUCTIONS

Sara is a 128 by 8 RAM that is Memory mapped into the VCS
cartridge slot (F000 to FFFF). RAM write addresses are F000
to FO7F. RAM read addresses are F080 to FOFF. The RAM read
and write adresses over ride the ROM in that address space.
Sara RAM cannot be used as program space i.e., data storage
only.

Accessing Sara can be done by most instructions with address
modes: absolute, absolute indexed by X, absolute indexed by
Y, indexed indirect, or indirect indexed by Y. The exceptions
are any instruction that required the 6507 to read RAM, modify
the data, and write that data back into memory. Also in the
indexing modes, the address plus the index cannot cross a page
boundry, where a page boundry size is 256 bytes.

VCS CARTRIDGE MEMORY MAP

FFFF

ROM

100
FOFF
FO80

FO7F .
F000 RAM Write

RAM Read




