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TIA 1A

TELEVISION INTERFACE ADAPTOR (MODEL 1A)

GENERAL DESCRIPTION

—— - p—

The TIAIZ is an MOS integrated circuit designed to inter-
face Letween an eight (8) bit microprocessor and a televisicn
viceo modulator and to convert eight (8) bit parallel data into
serial outputs fo* the color, luminosity, and compcsite Syne
reguired bv a video modulator.

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

A harédware sync counter produces horizontal sync timing
indesendent cf the microprocessor.

Vertical svnc timing is supplied
his circuit by the microprocessor and combineé into composite

Forizontal position counters are used to trigger the serial
ovtput of five (5) horizontally moveable objects; two players,
tws missiles,ané a ball. The microprocessor can add or sub-
tract from these position counters to move these objects right
or lef

;he microprocessor determines all vertical pos;tlon and
motion by vriting zeros or ones into object registers before
each appropriate horizontal line.

wWalls, 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 reglster are
the only chip addresses that can be read by the microprocessor.
All other addresses are WRITE only.

Color 1um1nos;ty registers are included that can be pro-
grammed by the microprocessor with eight (8) 1um1noszty ancé
fifteen (15) color values. A digital phase shifter is included
on this chip to provide a single color output with fifteen (15)
pnase angles.

T™wo (2) indepencdent audio generatlng 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-
processor as part of its overall RAM-ROM nemory space.
The attache? 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 recgister and read data returning from 2
different register,

If tre reacd-write line is low, the data bits incdicated
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 only
one bit, ar some (strobes) have no bits, performing
only control functions (such as resets) when their
address is written.

I1f the read-write line is hich, the addressed iocation
can be read by the microprocessor on datza lines 6 and
7 while thedQ 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.

Sy 1 3
=}ncronzzat-on

A. FBorizontal Tinxinc

phalir el

2 bardware counter on this chip produces a2ll hori-
zontal timing {such as sync, blanK, burst) incepen-
dent of the microprocessor, This counter is dvivew

rom an external 3.58 MSZ oscillator ané has a
total count of 228. Blank is decoded as 68 counts
ané sync ané colior burst as 16 counts.

B. Vertical Timinc

There are one bit, addressable recisters on this
chip for vertical sync and vertical blarnk. The
timing for these functions is established by

the microprocessor by writing zero or one into
these bits. (VSYNC, V BLANK)

C. Composite Sync

Sorizontal 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 MEZ oscillator also clocks a divide by



three counter on this chip whose output (1.19 Ml2)

is buffered to drive an output pad called F0.

This pad provides the input phase zero clock to

the microprocessor which then procuces the systed X1
clock (1.19 MAZ).

Software program loops require different lengths

of time t6 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).

then the microprocessor finishes a routine such

as loading registers for a horizontal line, or

computing new vertical locations during vertical

blank, it can address WSYNC, setting this iatch

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 autormatically resec to zezd

by the leading edge of the next horizontal blank

timing signal, releasing the RDY line, allowing

the microprocessor to begin its computation and

register writing for this horizontal television

line or line pair,

fiavfield crachics Register

jl

Description

Objects, (such as wallis, clouds, ané score) which
are not required 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 automatically 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, Suplicating the same twenty (20) bit
sequence over the right half of the horizontal

line.

Reflected Serial. Output

A relected playfield may be reguested 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

tven thouch the playfield bytes (PFO, PFl, PF2)
may be written at any time, if 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 Counters

2.

BI. .

Descriptien

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

This chip also includes five "moveable” graphics
recisters, whose serial outputis are triccered

by five separate horizental pecsition counters
every tire these counters pass through zero
count. These position counters are clocked
continuously éuring the unblanke portion of
every horizcntal lirne and their count iencth

is exactly egual to the ncrmal number of clocks
supplied to them during 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
motiorn. A typical 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 ané he object will have moved
left (extra clocks) cr right (fewer Clocks).
Some position counters have extra decodes

(in acddition to a zero decode) to trigger multiple
copies of the same object 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). If 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 tinme.

.Ball Position Counter

The ball position counter has only the z2ero



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

C. Plaver Posi+tion Counters

Each plaver position counter has three decoles
in addition to the zero crcssing decode., h-se
decodes are controlled bv bits 0,,2 of the

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

{at various spacings) across a horizontal line
as shown on pace 26 . These same contrcl bits
are used for the decodes on the missile position
counter, insuvring an equal number of plavers

and nmissiles.

", ‘Missile Fosition Counters

Missile pcsition counters are icentical to
plaver pesiton counters except that they have
another type of reset in addition to the gre-
viously discussed horizontal pesition reset.
These extra reset addresses (RESMPJ, 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 L 4

E, Ecrizontal 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 tyrical
horizontal motion register is shewn in figure
& . The data bus (bits4 through7 ) is written
intc these addresses (EMPO, EMP1l, HMMO,

HMM1, EMBL) to load these registers with motion
values. These registers supply extra (or
fewer) clocks to the horizantal position counters
only when commanded to Go s© by an EMOVZ
address from the microprocessor. These re-
gisters ray all be cleared to zero (no mc.ioni
simultaneocusly by an EMCLR command

fror the microprocessor, or individualliy 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 at almost

any time. The m>tion, values they contain will

be used only when an EMOVE command is addressed,

and then all five motion values will be used

simvltaneously into all five horizontal position

counters once. The only timing constraint on

this cperation i{invoives the EMOVE coummand.

The BMOVE comzand must be located in the micro-

processor progran imeediately-after a wait

for sync (WSYNC) coms=and, This insures that

the EMOVE operxation begins at the leading edge

of bhoxizontal blank, and has the full blank

tire to supply extra or fewer clocks to the

horizontal position counters. These registers should

pot be =dified for at least 24 Cowputer cycles after the
6., Eoving Obiect Graphics Registers BEMove comzand.

A. General Descripticn

There are five graphics registers for moving
objects on this chip. These graphics registers
are loacded (written) in parallel by the micro-
processor and like the playiield recister

are scanned and converted tc serial output.
Tnlike the plavfielé recister, which is always
scanned becinning at the left side of each hori-
zontal iine, moving obiect craphics registers
are scanned only when trigcered by a start
decode 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 data
into serial output.

A cne bit control recister (REFPO, REFPl) de-
termines the direction (reflectiorn) of the
parallel to serial scan, outputing eithers

D7 through DO, or DO through D7. This ailows
refiection (horizontal flipping) of plaver
serial graphics data without having to flip
the microprocessor data.

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

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

Vertical Delav,

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

~he first (GRPO, GRPl) is loaded (written)
from the microprocessor 8 bit cata bus. The
seccnd is automatically lozded from the ou:z-
put of the first. The reason -or this is 2
ccnslex subject called vertical celay.

A larce amount of microprocessor time is Ie-
quired to generate plaver, missile ané plax-
field craphics (table look up, masking,
comparisons,-ect.) and lcad these into this
chip's registers. For most came pProgra=s ttis
time is just too large to fit into one borizontal
line time. In fact for most cames it will
barely fit into two line times (127 wpicroseconcs).
Therefore, individual graphics registers are
lcaded (written) every two lines, and used
twice for serial outpu:t between loads.

This type of programming will obviously limit
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 craphics register that is auto-
matically parallel locaded 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 celay (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:.dcwn (éeiaved) by
ocne line durinc the next frame.

In most programming applications player 0
graphics and plaver 1 graphics are loaded
(written) alternately, during the blank time
just prior to each line as shown in (figure 1).
Since GPRF0 and GRPl addresses from the micro-
processor alternate, they are celaved by

one line from each other. The GRPO adcress
cecode can therefore be used to load the ce-
laved graphics recister for player 1, and
GKRPl likewise to load the deiayed graphics
register for player 0. The two vertical de-
lay bits (VDELO, VDEL1) then select celaye2
or undelaved registers for plaver 0 and
player 1 2s serial outputs.

Z. Ball Graohics

The ball crachics register is almost identical
to the nissile graphics recister. It also
consists of a single enable bit (ENABL) whese
output is tricgered by the ball position counter.
It 22s0 Las twe ccntrol bits (bits 4, 5 of
CTRLPF) that can stretch this single craprics
bit ous over widths of 1, 2, 4, or B clocks

of horizontal iine time,

Crnlike the missile graphics, however, the

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

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

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

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

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

7. Collision Detecfion 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 vill overlasp (collide) on the screen. There are six objects
generated on this chip {five moving and playfield elloving

fifteen possible twvo object collisions. These overlaps (collisions)

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

are stored in fifteen individual latch register bits, as shown in figure
€.

E. Ffesding Collision:

The microprocessor can read these fifteen collision bits on

dzta lines 6 and 7 by addressing them tvo at a time. This

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

C. Feset

A1l collision bits are reset simultaneously by the microprocessor
using the reset address CXCLR. This is usually done near the
ead of vertical blank, after collisions have been testec.

E. lrout_poris

- w—

A. Generz] Description

There are & input ports on this chip whose logic state mav be
read on cata line 7 vith read addresses INPTD through INPTS.
These 6 ports are divided into twdo types, "gumpe<" and "latchel".
See Figure B.

6. Dumped Input Forts ‘10 through I3)

These &4 input ports sre normally used to read paddle position from
an external potentiometer-capacitor circuit. In order to discharoe
these capacitors each of these input ports has a large transistor,
vhich may be turned on grounding the input ports) by writing 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 zero, these four ports
are general purpese high inpedance input ports. When this bit is s
1 these ports are grounded.

C. Llatched Input ports (14, I5)

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

when diszbled, these latches are removed from the circuit completly
and these ports become tvo general purpose input ports, wvhose
present logic state can be read 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 wvill read the latches instead of the input ports.



Lstched Input Ports (14, 15} - continued

When first enabled these latches wvill remain positive as
long 8s the input ports remain positive (logic onel. 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 simultansously
disabled by writing a zero into bit 6 of register VBLANK,

f.S Priority Encocer

A. Purpose

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

B. Priority Assicnment

The lack of any objects results in a coler-lu=
value calied the backgrouné. The background
(BR) has lowest priority ané 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, M0) and the ball is given the sarme
coior-lum value and priority as the playfield

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

Eichest Priority PO, MO

Second Highest Pl, M

Third Highest PF, BL

iowest Priority BRK

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 Pl, Ml

Lowest Priority BK
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10.

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

When a one is written into the score contrel
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 muteally
exclusive. These 4 lines select either back-
ground, ¢ ayver 0, playver 1 or playfield, anZ
only ore cof 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 ané three bits of lurinance code ma2y Ce
wristen into each of these registers (COLU?O,
COLUP1, COLUPF, COLUER) by the microprocessor

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

the Detailed Adcéress List.

8. Multiolexinc

mhe serizl 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-
luc recisters as a 7 line output. Three

of these lines are binary coded luminosity and
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) procuces
a reference color output (color burst) during hori-
sontal 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). Coées 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.

égliogcircuits

Two audio circuits are incorporated on this chip.

They are identical and completely independent, 2l-
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 KBZ) fro=
the horizental sync counter pass through 2
*3ivide by N" circuit which is controlled

by the output code from a five bit frequency
register (AUDF). This register can be lcaded
(written) by the microprocessor at any tine,
and causes the 30 K32 clocks to be dividel

bv 1 (code 00000) through 32. {code 11111).
This produces puises that are digitally 28~
justable froz approximately 30 RKdZ to 1 R=2
and are usad to clock the ncise-tone cernerator.

Noi.se-Tone Generator

This circuit contains a nine bit shift countex
which may be controlled by the ouput code £rez

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 guziities.

vVolucme Select

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

is twice as _larcge as the previous oOne ancé

is enabled by one bit from the audio volune
register (AUDV). This audio volume recister
may be loaded by the microprocessor at any 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 FUMCTIONS

WSYMVC w ALt Lov S"a- ne

TS ADODRESS HALTS MICROPROCESSON BY CLEARING
RDY LATCH To 2ERO. RDY 15 SET TRVE AGAINVN BY
THE LERDING EDGE 0F HONIZONTAL BLANMK.,

DATA BITS NoT USED |

RSYNC R&T  fync

THIS ADDRESS RESETS THE HORIZONTAL SYVNC COUNTEN
TO DEFWE THE BEGCINNING OF HORIZONTAL BLAVIC TIME,
AMD 1S USED I CHIP TESTING.

DATA BITS MOT VSED

VSINE

THIS ADDRESS CONMNTROLS VERTICAL SYAMC TIME BYX
WRITING Dl IMTD THE VSYVC LATCLH,

cees NOTUSED = wocx | DI |- -

| START VEAT. SYA/C
o STOoP VERNRT, SYMC

Y RBLANY. THis RODRESS ComTROLS VERTICAL

BLANK ANVND THE LATCHES ANMD DUMPING TRAWNSISTORS
oN THE WWPUT PORTS BY WRITING IVNTD nRITS

D7l DL AVO DY O0F THE VBLANMK REGISTER .

o | START VERT. B LA MIL
PTIo ><‘ X DIy stop VERT. BLANMK

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

(D6=0) ALY RESETS O DISSABLE T4 s LATCHES

LATCHES TO LO6IC TRVE
1\ bvmP LeT:i Iz2T3 PORTS TO GROUAD
O REMOVE DUMP PATH To GROVAD




PE8(PFL,PF2)

THESE ADDRESSES ARE UVSED TO WRITE INTO THE
PLAYFIELD REGISTERS

D1 {06 |05 {or | X XX [X| PFe

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

D7|Db |D5| D4 D3 |p2|D1 | DB PFL

PLAYFLELD REGISTERS SERIAL OUTPUT

- ! HORIZONTAL LINE _{ PLAYFIELD
‘ (leo cLocks) 7| REFLECT comMTROY
I« 17 olo e 17 ofo 7] REF=0

PFe PF\ PFZ 'PFe PF) PFL

: _-qfé—EACH BIT = 4 LLOCKS
717 els 717 olo TIr 4 REF=1
PF6 PFI PFL  : PF2 PF1  PF®
LENTER
CTRLPF

THIS ADDRESS 1S VSED TO WRITE IAMVTO THE

PLAYFIELO CONTROL REGISTER A LOGIC 1 LAUSES ACTION {
AS DESCRIGED BELOW

XX |ps|{ox| X “'LIN De r—-REF(REFLECT PLAXFIELD)

1‘ rsco me(r.ss:'r HALE OF PLAYFIELS
GETS COLOR oF PLAYER @
RIGHT HALE GETS COLOA
OF PLAYER :t.)

PFP({PLAYFIELD CETS PRIORITY
OVER PLAYERS SO THEY
MOVE. BENIASG Pr.mssem)

BALL SIZE

=05 D& _WioTH
c ©0 lclok

(v] ) 2 CLoLkS
i (74 4 LLOLCIKY
' ] 8 CLOCILS

g



NUSIZO (NUSTZ1)

TRESE AODDRESSES COMTROL THE NUMBER AMD

SI2E OF PLAYERS RA/O MISSILES .

X< 1hs| 04| X Dz|b| Do

4

>DS D4 WADTH

© o | CLOCK

o t 2 LLOLKS

! 0 4 CLOCKS

a t | 8 CLOCKKS

PLANER=MISSILE NUMBER & FLANER SIRE
/—N—A-—'\

p2 OV D8|= 'T?’,‘;‘gl:’:'&fﬁﬂf&——-ﬁ DESCLRIPTION
O 0 O| m ..%slé_. ONE COPY
TWO COPIES

0 O M ey
TWP COPIES

Ot O m - MED
THREE COPIES

O | i M M CLOSE
Twe COPIES

] O O - - WIDE
bovaLE SIZE

ot | W PLAYER
3 CoPIES

[ i O - - - MEDIYUM
AVAD S$ItE

{ I 1 I PLAYER




RESPE (RESPI, RESMB,RESMI, RESBL)

THESE RODRESSES ARE VSED TO RESET PLAYEARS
MISSILE S RAMD TRE RALL, THE DATECT WILL BEGIAM ITS
SERIAL GRAPHICS AT THAT TimME OF A HORITOUMTAL LINVE
AT WHICH THE RGSET ROORESS OCcunRs.

¥ v v

NO DATA BITS ARE VUSED

RESMPO (RESMPYL)
THESE RAVORESSGS ARE USEN T O RESET THE HORIZ.
LOLATION OF R MISSILE TO THE CENTER OF IT's
CORRESPOVDING PLAYER. AS LONG RS THIS CONVTROL DT

1s TRVEWTHE MISSILE WILL REMAIN LOCKED To THE
CENTER OF IT'S PLAYER AND THE /MISSILE GRAPHICS

WitL BE DISSABLEO., WHEN A RERL 1S WRITTEA INTE
THIS LOCATION THE MISSILE 15 ENABLED, AVD CAN
BE MOVED INDEPENVDENTLY FROM THE PLAYEN .

——— gl | 1] D3

tRESMP (missie-pLAYER RESET)

HMOVE
THI> ADORESS CAUSES THE HORIZONTAL MOTioMN
REGISTEA VALVES To BE ALTED UPON DURING THE
HORIZONTAL BLAVK TIME A WHICH IT OCLURS, 1T
MUST OCLUR AT THE BEGINVING OF HORIZ . BLANVNK
IV OROERA TO ALLOW TIME FOR GENEAARTION OF EXTRA

CLOCK PULSES IMTO THE 1o0RI1ZDAMTRL POSITION COUNTERS -
TE MOTION 1S DESI\RED, THIS COMMAND MUST IMMEDIATELY
FoLLOW A WSYANMC COMMAND 1IN THE PROLRAM.

MO DATAR QITS RRE USED

BKMCLLR
THIS ADDNESS CLEARS ALL HOMZONTAL MOTiown
RECISTEAS TO RER O (ﬂo momnen)

MO DATA BITS fARE VSEO




HMPG(H M PI, HMMB, Hmm), HMBL)

THESE ADDRESSES WRITE DATA (HomtzowTaL
MOTION VALVES) INTD “THE HORIRONTAL MOTION
REGISTERS. "THESE REGISTERS WL CAVIE HORIZOWNTRL
MOTIOAS OMLY WHEN COMMANDED To DO SO 8Y TNE
HORIZ. MOVE. commAnd HMOVE .

THE MOTION VALVES ARE CODED RS SHOWW BELOW

D7{DEDS | DY

' R T s 2 A

° ! ; 9 Te Mmove LEFT

O {t O 1 ]

{/#DICATED MVMBER

Ot O 0 *%( opcrocks

o O { 43

0 O 1 O +7

O O o 1 +| ./

O 0 0o O 0 NO MOoTION

R T S | -1 )

i v+ t O -2

i 1 D0 1 =3 | move micuT

I 1 QO 0 -4 INDICATED NVMBER
[ O |} \ -5 OF CLOCIKS

'\ O 1 o -4

i 0 O | -

| 00 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.

EVAMSE (ENVAML, ENABL)

THESE ANDRESSES WRITE D1 IMTD THE | BIT
/MISSILE PR BALL GRAPKHICS RECISTERS .

[ STX]

O  DISSABLES ORTECT
| EVMANLES ONRTECT




GRPB(ERPL)

“THESE ADORESSES WRITE DARTA INTD THE
PLAYER ORAPHILS REGISTERS

D7|DE|DS[D4|D3 DX} DI | DE

PLANER GRAPHILS REG\STER SERIAL OUTPUT
< ONZE HORIZONTAL LINE —-—ﬂ PLAYE REFLECT
CONTR R F
9 REFPE=0
: GRPO ‘{-Cd
rAHeac REFPE=I
- &~ SERIAL OUTPVT BBEGINS
_:1 WHEN POSITION COVMTER THER&F&%‘ ﬁ:{f
LROS55E5S TERD o GRPL 2VTAUVT

REFPO(REEPL)

THESE ADORESSES WRITE D2 \WTO THE 1 BIT
PLAYEARA REFLECT REGISTERS.

- v

el |}

O wno REFLECT (DT 0F GRP ON LEFT)
| REFLECT (DO OF GRP oN LEFT)

VDELPO(VDELPI,VDELBL)

TRESCE ACORESSES WRITE D@ \WTD THE | BIT
VERTICAL DBELAM REG\STERS,TD DELAY PLAYEANS OA
BAlLL Y OVE VEARTICAL LINE,

_—————— v

O N0 DELAY
1 DELAYX

CXCLR

THIS ANDDRESS CLLEANS ALL COLLISION LATCHES
Yo 2€R0 (Vo coLLision)

IDATA RITS A2T VSED




CoLUPB(COLUPL, COLUPF, COLVBK)

THESE RAODRESSES WRITE DATR tNTe THE
PLAYER ; PLAXFIELD, AN¥D BACKGROUVD COLOR =
LUMIVENLE PREGISTERS .

coLon Lum
_A
r ~
COLOR |D7|Db]D5|DA}D3{DL| DI X Lum

GAey - oo O 0 0 0|lo O © BLACK

© 0 D 110 0 | DRARK GREX

© 0 t ol O 1 O ‘
ORA ' \"A 'OP\G ¢
Rance AEO™PC 5 o 1 1o 1 RN

o1 6 0j1 O © '
ln - .
ANt - PuppLe 6 10111 0 1 .
RP-BLue ALue © VY o3 1 O LIGKT GREY
& SLue o t t o WHITE
BLug -LT.fLue | € 0 0

I 0 0 1

t 0o + O
0AQ - GAN.BLUEC
TOAR &L L o 1 I
éan.-YeL..cAn. |+ 1 D O

Y 10 |
o0RG.6AN-\T.0RG. I | | O

I T B

AVDFE (AUDF4)

THESE ANDDREISES WRITE DATA INTO TN E
AVUDIOC FREQUENLY DIVINER REGISTEARS.,

[>.< D4 Sl ni Dol 30KHZ DIVIDED BY

© O DWIDE Y 1 (Mo nvisiow)
0
o
!
!

0 0
0 6 | DVIDE RY2
0 | O DIVIDE BY3
I | O DIWIDE BY 3
I 1t DIVIDE BY 32

|




AUD CB (AUDCL)

THESE ADDRESSES WRITE DATA INTD THE AVOIO
CONTROL REGISTEA S WHICLH CONTROL THE AOISE
CONTENT RNMD BXDOITION AL DLVISION OF THE
AVDI\D OVTPYT,

>< 03 be “TYPE OF MDISE

HEX COPE OR DIVSIOV

SETTO L
4 BIT POLY
+15S—>48iT POLY
S5BITPOLY—>4RBIT POLY
-:"L : [
+2 g fureTent
<+ 3l
SBIT PoLY=» <2
q BIT POLY (WIITE Aoi5E)
5R3IT POLY
=31 pume hre
SET LAST 4 BITS TO L
-6
0 P N W
+4q3
SBITPOLY =6

o
=
=4

AMONPPRgqaeunpuP—0
- === 0Q000=--=--—0000
-0—-0~-9~0~0-0~-~0-0

AUDVE(ALUDVL)

THESE ADNRESSES WRITE DATA AT THE
AUDID VOLUME RECISTERI WHICK SET THE PULL DOWN
IMPEDANLE DRIVING THE AUDIV OVTPUT PANS.,

AUNID OVTPUT
[>< D3| DLIDI| B8 Byiinown CURREMT

NO OUTPVT CURRENVT
LOWEST

- =1 Q9QO

(0
0
o
|
1

o
l
O
o
|

HIGHEST




WRITE ADDRESS SUMMARY rel OF 2
. PAT
e e AbE 7?}%'%1';: - FUNCTION T,ﬁf{;::
00{00| USYNC | |verTicaL sywe sET-CLEAR
ollol]| VBLANK ! | |veERTICAL BLAVNK SET-CLEAR
02[02[ WSTNC | STR[0BE | B Lomrs s mumie
03|03| RSYNC | STROBE e T e
04|04 |NUSIE B N N e ©
0S5 |05|NUST2 L Ll ] YR e L
ODtloe|coLuPe [V T L] LI COLOR.-LUM PLAYER &
o7lo7|coLuvPL [t T I COLOR =LUM PLAYER 1
volog|coLuPR [ty il COLOR.—LUM PLAYFIELD
t1logqlcowuek |t CoLofu=LUM BPRCKGROUNMD
zfoalcTRipF | 11| 1] GOSN Sonsions
12108 REFPE i REFLECT PLANER ©
14 |10C| REFPL 1 REFLECT PLAYER 4.
i1s|op| PFe iy PLAYR ELD RES&. GXTE &
16 |0E| PF 4L t11ilvy 1] PLRY FIELE REG. BYTE L
I7T|0F| PFZ P11 11 1] PLRYFIELD REG. BYTE 2
20[10] RESPH STRICRE IRESET PLAYER 6
211ty RESPL STRIOBE RESET PLAYER 4
2|12 REsSMe STRIOBE RESET MISSILE B
23] 13| RESMI STRIORE | RESET MISSILE L
24|14 RESBL STRIOBE RESET RALL
25115 AUDCS 1111| AuDiD covTROL &
2blIG] AVUDCL (1 11] AUuDID CONTROL 2L




WRITE ADDRESS SUMMARY Fe 2 0F 2
- BT ,
fooess) RS | e ] FuncTiow
27117 AUDFB 1l v 1] Avero frERUENCLY 2
20|18 AVDFL il 1 11l Ausio FrREGUENEY 1
3119 AVDVD I 111t Avole voume &
32| /Al ALD VL 1 11 1| AvDio voLumE 14
1| GRPE |11 11|11 11| GRAPHILS FLAYER &
34{IC| GRPL Pl L]t ) Vi|] cRAPHICS PLAVER 1L
35|10 ENAMSE | | crRAPRICS (EVABLE) MISSILE ©
IL|IE| ENAMAL \ c-RaPmcs(ENncLE,)m\sswE. 4
37\F| EnvABL | |&RAPHICS (EVARBLE) BALL
Aolzo|l Hmpre {111 HOR RONTARL MOTION PLAYER ©
41121 HMPL |1V HORIEONTAL MOTION PLANER L
g2l22| vMmme |11 v HORIZONTAL MOTION MISSILE B
43123 HMML |1 1 ) HURITUNTRL MOTION MISSILE 4
4424 HmBL |11 11 HORIRONTAL MOTIVV BALL
4%|2.5| VDELFB || vERTICAL DELAY PLAYER &
T6|26| VDELPL 1] VERTILAL DELAY TLAYER 1L
47|127| VDELRL \| VERTACAL DELAY BRBALL
50|z28] RESMF®E | | RESET MIS3ILE © TD PLATER &
51]29| REsmMPL | | RESET MS3ILE 1 TD PLAYER L
EZ|2A| HMOVE STIROGE APPLY RORIROVTAL MOTION
S3|2B| HMCLR STRIOBE CLEAR IHORIZ., MDTION REGS.
54 |2C| CXCLR STRPpRE CLEAR COLLISIONV LATCHES




READ ANDRESS SUMMART F& 1 oF i
o] ontess | SR BT B
OCT|HEX TLES4 3210 D YA
00| 00| cxmep |1} READ (DLLISION | MB-P) [Mp-Ps
otfot] cxmie |1 " M1 PB|MI < P
02|02| cxpeFB|i | " PEPF| PEBL
03|o3| cxpiFB |t 1 ¥ P1+PF| PI+ BL
04|04 cxmera| 1 | MePE| Mo BL
os|os| cxmire |1 | M 1 PE[ Y < BL
06|06 | X BLPF | BL. PF| %
o7lo7| cxpemm |1 1 Po.R| [MO M
o |og|tvPTE |1 READ POT PORT| Ie
(1 loglznvPTy |! READ POT PORT| T\ vt
12 |oa| v eT2 | ReAD POTRORT| T2 | %/
v3lol NPT 3 |1 REAO POT POR] L3 A
1 loc|Tver 4 |1 rReao wevT | T4 | 0\
1slon|IveT S | reao wruT | TS5 |0\
Nove - T, I1 32,15
CAN be ar deol uwnoler
Scf T WaRE CONTROL.
T4 IS e anden
SofTwaRe COoNTRoL.

REV
Nov

137¢
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L ]

CHAR ACTERISTIC

SMCOL

M\N 'T‘_u'_- MRXI UnT
CSC CYLLE TitAE TeYC LD (280 - i Nsec
S DVTY CNCLE 'TC/T'CVC 45 : =Yo) 55 FERLENT
L3I0 RISE-FALL Tirves| TR -Tre ! %S [ wvseC
#0{osc+1) nriax TO | 100 | NSEC
-'3) f Fioz-~FAn TVMES| TRO-TED 25 1 NSEC
2 loaTa ast) seAad T2 25D | msEC
LUSANAKNLE DELAY Tevr 100 | NSEC
CITT SWVE DELAY TYS 100 | NSEc
ORI SYVC DELAY Tus 100 | NcEC
WAIT FOR SYAC DELAY TwS 100 | NVEEC
RADY DELAY TRdY 100 | NsEC
21-ADD LEAD Time TLEAD 120 NSEC
“HTHh Ruvsizan nime| TDATA | 200 NSEC
FEC=RATA w2 Twal Twowd | 1D N SEC
:?. RSE~F:  Time| TRE? 25 | VSEC
AD BATA LR TIME]  TOLAG 395 | NSEC

TIA TIMINVGE CHARACTERIST (AN
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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
F100
FOFF
F080 RAM Read
FO7F .
F000 RAM Write




