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Draft CONFIDENTIAL

WORKINS SPECIFICATION
MATTEL ADVANCED BRAPHIC INTERFACE CIRCUIT

0.0 PREVIEW

The MABIC chip will be the core of Mattel’s second
generation TV game. As one of two custom ICs planned for
this design, it will be responsible for generating composite
video, controling the dynamic RAM memory, providing system
clocking and integrating miscellaneous 881 and MSI functions
for minimum chip count. Since the CPU selection has not
been made at this time, this paper assumes the author’s

"iavoritn, the Motorola &8000.

1.0 POMER

MAGIC will operate with only a +5 volt supply. It is
expected that a number of power and ground pins and carefull
chip layout will be necessary to allow proper decoupling of
the video D/A converter.

2.0 RAM INTERFACE

The MABIC chip will require direct access to a minimum of
16K words (16 bit) of RAM. Since the base system is
projected to have 16K words of RAM, the CPU must alsc access
this same RAM. To provide maximum CPU speed, the RAM data
and address buses will be isclated $érom the CPU buses except
during CPU accesses. To insure maximum CPU speed the MABIC
chip will interleave it’s accesses with those of the CPU and

internally pipeline data to allow immediate CPU access. In

addition, the MABIC chip will provide all RAM control
signals {RAS, CAS, Enable, and address wsultiplex) and
refresh management. The control and refresh design will
accommodate 16K x 4 dynamic RAMs; the selected type should
be dual sourced and is subject to HMattel Electronics

‘approval. 1f possible, the design should also handle &4K x

4 (256k) RAMs.

3.0 CPU INTERFACE
- MABIC uiil provide the clock for the CPU. This clock will

be at twice the color subcarrier frequencyj 7 MHz for
NTSC and 8.86 MHz for PAL and SECAM. These frequencies are
the system crystal frequency divided by 2.

MABIC will provide two different types of interupt signal to
the CPU over a single line (~-IPL2). The first of these will
occur at the horizontal 1line rate divided by 256. 8Since
both 525 and 625 line systems use nearly the same line rate
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this will result in an interupt that occurs at nearly 60 Hz
regardless of TV system. This interupt will be used for
system timing functions to make games that play at the same
speed on both 525 and 625 line systems. The second type of
interupt will occur when the active scanning line on the TV
screen passes a line number stored by the CPU in a MABIC

register. This interupt is intended primarily to allow the
moving objects to be reused (details in the moving object
section). Unless the second type of interupt is disabled,

it will be necessary for the CPU to read a register to
determine which has occured. Note that the timing interupt
is asynchronous with both 525 and 625 line vertical field
rates; this means that often the timing interupt will occur
during the active picture and occasionaly both interupts
will occur at the same time.

Communication between the CPU and MABIC is through & control
lines, 16 data lines and 13 of the 17 system address lines.
The control lines are -AS, R/-W, -DTACK, -UDS, -LDS and
-RESET. The functions of these lines are fully described in
the 68000 literature. RAM data in and out of MAGIC and data
communication between the CPU and MABIC through the external
bidirectional buffer use the same 16 data lines. In
addition, data communication between the RAM and the CPU use
the same bidirectional buffers. An output from MABIC
enables the buffers, while the R/-W 1line controls the
direction. Obviously, the RAM interface sentioned above
must work closely with the graphics generators and the cPU
interface to prevent conflict in the use of data lines and
buffers. The 13 address lines are split into two groups; 8
low order (A1 through AB)and S high order (A1S5 through A19).
the remaining & wmid order lines (A9 through Al4) are not
available to MABIC; they are, however, routed to the RAM
through an external buffer (further description in the RAM
interface section). The 8 low order lines allow selection
within MABIC of 25& control registers and are also passed
through to the RAM during CPU accesses, reducing external
multiplexing. The S high order lines allow decoding to 16K
word blocks to enable the MABIC and RAM as shown in the
system address map. Outputs from this decoder also go
external to the sound chip (1-1&6K space), cartridge (1-32K
space), Exec ROMs (2-32K spaces) and language ROMs (2-32K
spaces) . These outputs would be the first to go in a
pin-out crunch, since they are only saving a simple TTL
decoder.

4.0 TV SYNC TIMING AND CONTROL
All system timing is derived from a 14.32 MHz fundamental

mode crystal (17.72 MHz for 625 line systems). This crystal
will be trimmed to 4 times the chroma subcarrier freguency

-2




Draft CONFIDENTIAL

in NTSC and PAL systems. To allow locking the system to an
external video source, a connection will be available to
allow slight changes to the crystal frequency under phase
iock control. The oscillator divided by 2 forms the CPU
clock and divide by 2 and divide by 4 signals go to the
video output section to generate the chroma subcarrier.

Dividing the oscillator by 2.5 produces the pixel clock. A
discussion of pixel size is in the graphics generator
section, but I mention here that we are generating a full
interlace TV signal complete with equalizing pulses and
serrated vertical sync pulse. This is being done for two
primary reasons. First, it will enable mixing external
video with MABIC generated video and second, it is expected
that non-standard signals will suffer varying degrees of
performance degradation as TVs use more and more digital
signal processing. It is even possible that complete
incompatability could result. In addition to full interlace
the picture will be 24 rows of 40 alpha—-graphic cards. Each
card will be & pixels wide and 8 pixels high (one pixel is
two interlaced lines high). A non-interlaced mode will be
available under software control to improve the appearance
of alpha characters.

The horizontal 1line is 344 pixels longy of these the active
picture is 240 pixels, blanking and sync require 75 pixels,
the left border is 28 pixels and the right border is 21
pixels. In 625 line systems the left border has 73 and the
right border has 66 pixels. Note that the left border is 7
pixels wider that the righty this allows for the tendancy of
TVe to cut off more of the left side of the picture and
results in a better centered picture. To allow simplicity
and economy in the picture generation circuits, the
horizontal counter must have the same counter outputs for
the active portion of the 1line for both 525 and 625 line

systems. It is also desirable that the counter output
during the blanking, sync, etc. are the same in both
systems. This can be achieved by resetting the counter to

zero 16 pixels before the end of the left border. At the
count of 256, the active picture ends and the right border
starts. For &25 line systems, the start of the blanking is
at 322 and the end of blanking is at 397. At 454 the
counter is reset to zero completing the 454 pixel line. For
52% line systems, the counter is forced to skip from 277 to
3223 shortening the border by the required 45 pixels and
allowing the decoders to generate blanking, sync, etc. When
the count reaches 409 it is reset to zero completing the 364
pixel 1line (45 counts were skipped at end of right border,
{09-45=3464) . Starting the count 16 pixels under the border
allows 16x16 pixel moving objects to completely "hide"” under
the left border and leave only one pixel exposed on the
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right bordery using only an 8 bit X location. Wwhen the
background is in the scroll mode, the left border will cover
an additional é pixels (one card width).

The output of the horizontal counter is divided by 2 as a
line alternation signal to the video output section to
generate PAL and SECAM. This output is further divided by
128 to generate the timer interupt at 61.4 Hz (60.99Hz in
625 line systems).

The vertical counter counts 525 or 625 depending the system
being generated. As in the horizontal counter, it is
convient to arrange the start of the counter and skip counts
to simplify the decoding. In this case, the counter is
forced to skip once during the frame for 625 line systems
and three times for 525 line systems) fortunately, two of
the three 525 line system skips are exactly alike from
decode and preset standpoints.

First, the 625 line system. Vertical blanking is 21 lines
in each field. The top border is 51 lines in field 1 and S50
lines in field 2, the bottom border in each field is 49
lines and the active picture is 192 lines in each field.
The lower 9 bits of the 10 bit vertical counter must be the
same during the active picture lines since the same
information is presented during each field (each pixel is 2
interlaced lines high). Again the counter is reset to zero
16 lines before the end of the top border allowing the
moving objects to "hide" under the border. At line count
208, the bottom border starts, at count 257, the blanking
for field 2 starts, at count 278, the top border for field 2
starts. At count 3I12 the counter is skipped to 512
resetting the low 9 bits to zero, as desired to scan the
active lines for Ffield 2. Count 720 brings the end of the
active lines and start of the border. Count 749 ends the
bottom border of field 2 and starts the blanking and sync
for +Ffield 1. Field 1 blanking ends and the top border
starts at 790. At 825 the counter is reset to zero
completing the frame (200 counts were skipped, 825-200=623).

For S25 line systems the skip at 312 becomes a skip from 287
to 512 and the reset to zero happens at B00O, causing 25
additional border lines to be skipped sach place. 25 border
lines are also skipped in each field at the end of the
bottom border by skipping from 232 to 257 and 744 to 769.

When the background is in the scroll mode, 8 additional
lines (1 card height) become border at the top of the active
picture in each field. Non—-interlace mode is achieved by
forcing bit 10 to remain high, causing field 2 picture and
field 1 blanking and sync to repeat (313 lines/625 system,
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263 lines/525 system). MABIC will syncronize to an external
source by providing composite sync to an input pin.

Decoders are provided to generate composite sync, composite
blanking, burst gating, SECAM *hottle” and PAL "meander
gate” burst blanking signals from the combined outputs of
the horizontal, vertical and line alternation counters.

VIDEO OUTPUT

The video output section receives signals from the graphic
and alpha generators, a pixel clock, Fsc and 2 Fsc, line
alternation (for PAL and SECAM) and PAL/NTBC/SECAM control.
Its output, from a primary and a secondary D/A converter,
are composite video for NTSC/PAL and Y and composite color
difference for BSECAM. There is also an output for use with
an external video mixing gate.

Two video outputs allow spliting the graphic and alpha
generator outputs to two televisions. An application for
this split output is two player games where the players each
have their own display with both common and private
information. Another application would be dual user systems
where one group uses the graphics for a game while someone
else uses the alpha for kitchen, den or study applications.
An optional dual output modulator will be necessary to
implement this function. Alternately, the optional unit may
contain only the second modulator, with the original
modul ator plugging into it to provide dual outputs. 8ince
SECAM uses both DACs to produce a single video output, the
split graphics/alpha mode is not available.

A 146 bit register controls the spliting function. The
following assignments are made:

bit Braphic split

bit Alpha split

bit H or V split

bit Braphic overlap on/off

bit Alpha overlap on/off

bit Braphic split on/off

bit Alpha split on/off

bit Alpha flip on/off

e e b e e UL A

The S bits allow selection of any of the 24 rows or column 4
through 35, depending on the sense of the H/V bit. With the
graphic overlap off, the primary output displays the graphic
generator output from the top down to the selected row or
from the left across to the selected column. The secondary
output displays the remaining graphic output. When the
graphic overlap bit is on, the primary output displays to
the lower (or rightmost) split and the secondary output
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displays from the upper (or leftmost) split. Normally the
primary output displays alpha to the alpha split and the
secondary output displays érom there. With alpha overlap
on, the primary displays to the lower (or rightmost) split
and the secondary displays from the upper (or leftmost)
split. The use of upper/lower for overlap allows a display
that has a graphic overlap, but the alpha in the overlap
area is switched between the primary and secondary outputs.
This alpha could be an overlay of a map graphic showing
private information alternatly to ®sach player. The graphic
and alpha split on/off snables the spliting functionsj; when
off, +ull graphics and/or alpha are on both outputs. A one
in the alpha flip bit causes the split alpha to swap outputs
(primary to secondary and secondary to primary). This
allows displays with the top hal¥ graphics and bottom hal+f
alpha from the primary output and the reverse from the
secondary output.

The primary and secondary DACs will be four binary ratioed
MO8 transistors connected to sink current. Inputs to the
DACs will also include sync, blanking, burst gate and
NTSC/PAL control. The external gating output is asserted
when the display color code is zero. A suitable delay is
inserted in this signal to match it to the processing delay
that the video generation will require.

Background and display color outputs from the graphic
generators select outputs from the color map registers.
There are 16 color sap registers, each 12 bits wide. Four
bits of each register describe the Y (luma) level. Four bits
each describe the two color difference (R-Y and B-Y) levels.
These are encoded as a sign bit with 3 maginitude bits.
First the Y levels. For the background color, only the Y
value is selected and is combined with the display Y value
when the pixel is a moving chject edge. One bit of the Y
adjust signal indicates an edgej the remaining bits are data
used to adjust the Y value. The adjustment method varies
depending on the wmode of the graphic generator; for msore
information see the graphic generator section.

The selected color difference signals are passed through the
4 pixel averagers to limit the bandwidth. The averaged
color difference signals are then assembled with the Y
signal to generate the required composite signal. This
assembly is performed by dividing the color cycle into four
quadrants. In the first quadrant, the R-Y is added to the
Yy in the second quadrant, B-Y is added to Yy in the third
quadrant R-Y is subtracted from Y) in the fourth quadrant,
B-Y is subtracted from Y. The MUX and adder/subtractor that
assemble this composite signal are clocked from the phase
continuous Fsc and 2 Fsc signals $rom the timing section.

~€—
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When PAL is being generated, the action in quadrants 1 and 3
are swaped on alternate lines.

BRAPHIC BENERATORS

First a word about pixel size. The 5.7 MHz (4Fsc/2.5) pixel
rate was originally choosen to give a square pixel. &
square pixel balances the resolution horizontaly and
vertically. This balance allows moving objects to be
rotated without distortion or designer intervention. It
also allows simpler software for drawing lines and circles
since the construction technique used can be mirrored on the
45 degree axis. Antialiasing algorithms can also be applied
" with ease when both axes are the same resolution. Other
advantages are based on comparsion to the leading
alternative, a 7.16 MHz (2 Fsc) pixel rate. With this
higher pixel rate the pixels are no longer square, al though
this has not been a significant problem with our current
system which has pixels with the same aspect ratio. With a
goal of 40 characters per line, the faster pixel rate would
use Bx8 pixel characters (320 pixels/line) and the slower
rate would use 6&x8B characters (240 pixels/line). The most
obivous difference is the 33% larger data base necessary to
support the smaller pixels. This data problem continues to
the on chip character ROM requiring 40% more bits for a 7x8
matrix vs a 5SxB matrix. The 40 &x8B cards fit within the
SMPTE "safe title area" wmaking all cards usable vs the
leftmost two cards being left unused for critical
information or action. For moving object positioning, 240
pixels plus 16 pixels “under™ the border is 256 X locations
with the square pixels. This allows an 8 bit X register.
Coupled with an B bit Y register, a 16 bit register
conviently locates an object. The alternate is a 9 bit X
locationy requiring two register addresses and two writes to
move the object. The finial advantage relates to "false"
color generation. In the current Keyboard Component the
high resolution alphanumerics, required careful pattern
selection to avoid pixel combinations that directly or
through harmonics created 3.58 MHz energy. The proposed 5.7
MHz pixel rate generates 3.58 MHz energy only on the Sth
harmonic of an B pixel pattern (1 on 7 off, 2 on & off, 3 on
S off, 4 on 4 off, and the inverse patterns). I have not
checked, but I suspect that none of those patterns have
large amounts of Sth harmonic energy. The result is a great
freedom of choice in font patterns for the alphanumeric
characters. The same freedom applies to the background and
moving objects. With the smaller pixels, even a grey and
white textured background can result in “"false" colorj it
happens all the time on broadcast TV with striped ties and
jackets, automobile grills and buildings with vertical
decorations or windows.
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BORDER

The border is divided into four quadrants. Each quadrant
§ills a corner and has its own color assignment. The
division between the upper left and upper right corner color
is a vertical 1line starting from any X location in the
active picture area. A similar division is made along the
other three sides of the picture. Each of the four dividing
points are independently variable. One 16 bit register
specifies the colors (4 bits/color) and two more 16 bit

registers set the dividing points (8 bits/divider).
BACKBROUND ;

The background can be displayed in 3 modes: bit map, cards,
and high resolution cards.

CONF IDENTIAL

WORKING SPECIFICATION
MATTEL COMBO INTEBRATED CIRCUIT

0.0 Introduction

The Mattel COMBO circuit contains a digital signal processor
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P’an/.f ma

=

b

Each 4d-b't flold COh,?L&/h.S an /ngex sl e
Under Some wm’z?‘/wf
e / noréd [n The

/s see e

5 f»{e



MacIC )?ej/'s%er.s
£S5 ¢ /Vovmq Délecf Fol Falbern Foinfers

Kejzsfer Banzé 56/647/'3 is a sel f” 7e~$/fe
rej/.jfers )/w/»ase high om’er bytes ab ),,97‘ e,(,s% 7'/,q7
ﬁam fom ers 1o +A };erns of e
mov.nj dec?‘ 77{e$e /oomzzers are (ombired /74
The Mevi'n Dbjecf fﬁ/g?/fr‘n 5.:?59 /44’4//‘955 7o 'fﬁr‘u« 7L/{e.
addresses’ oF eack f atern. (See discriplien of'rej/s/vr
g of RBS7 for detall A sde:né)



MAGLC Kejl‘sfcrs :
KBS %: /‘Youmq 01)1&:7‘ V. /‘/ounuf %,ecf Ih?‘erad{/om){éfd’#m/J

jzsfer Bank Select ?‘ /s a sel of /K r /.Sfers/
Ohe )<or ach of The /b bmw &5667‘5 EachA ‘bt
gbs I tlon "carresponq’s % wwn cbiec’: The sel
. /6 rejzs'fers ﬂem —Forms a /AX/é Mafrzxs wlucA
record: m/eracz‘/ons between moVing okjecls. A 2t
Meahs %,{e /»wwn shiect of He resisVer rzamber and
The /m?w DZF Ae b/ ff%/‘?%l number /h?@l‘dc/gazz
within dcfth’,e[wfuré area /e hoftmder e Aam‘ers)
" 7;{6 /& na/ /‘r/es w/a/waya be “ﬂ Thi's meauns
thal 1«01!/1] 5 do nsl Se/f’znferacf [443 7%67/ @b
wol STun /e M‘ér Helr own {’eef/

(The effect ot a read oraraf,oh is To reset a Me /s
»{ Yhe re:):sfer o '2 )



MAGCIC ﬁej,-'sz‘er o

: . , 5
RBSS : /‘70\/2’)«] 0@6(:7‘ VS, Backﬁ’rabﬁf/»C_o_/erj_l-L);Zgr_*_am;fﬂ/\(ﬁ@/.oﬂ/{)

J
R?;STCP Eank Seled & s g sef of Vb r /s/ers/
one $or edch oF He /6 movin &éjcc?fs, £Fock b/ /765/7‘/'014 |
CO)"V‘ZSPBNO/S 7‘0 one of 7%2 bac\z rpa,na/ 5&/;:)”_5 {% 7%5 /é“&/&/" /‘1357"
s, then — forms

oty ' folelle,  The sel of Y/ ref/'ﬁfén/
2 Jx/l malrix which records “inFeracllens be Tween

i i N 3 5 /
moving ohiec?s and colors forming the background, AT
means on OCculred /n He¢ “aclive ™ piure”

thal an /nlerackion
area belween a movl oblect of He reqister namber and
a backaroand Color Jﬁ He b&'F s/?%'»? sumber. (The effect
relq’ Ofevaf/'on is to resel ‘all He bifs of He re7fs7{er To"p )

o{a




MAGIC Kejisfers
RBSC : Master fatelle

KEjzsfe'* Bamé Se/ec/’l{ )s 2 sel ofF /£ 124/ F
re Is rs

conla ,»1127 CArominance informalyon
tdr one’ of 7%e /6 Colors (incled/ng Tinls and Shadks) +hatt
He proedrammer h4as Z

ChoSen be availsb/e for

3 wud/TaNeous alispls The Format of ead regqister /s
a{‘: {o//ows: s i

i 37 4 3

Y-—+4-RY-+-8Y

O

The aloched table shows examples of values of
Y RY and BY Hor various co/ors fcém range From.
o 7o /5 an///‘ s coged in worme! biwory Y »oreion.
RY 3'15?/ BY V ¢ frow. =85 7/ é‘/»a/ 7‘/9/ are
_CM’E V7 nar‘ ;wfaf/on 7o f/ua/ Ho excess- 00
bY‘M 0{ 3* /haf‘/ /U(m.éﬁl"/\)us 50/4 g To e Mée/\a

digard ZRY Carry-ou £ bif

oM YA



-

Rpst (cndd) v :
oor . Q@) ®)E®  wrd vemy Y-RY Y-BY
BLACK 1y 4 ¢ ¢ 4 R 4
BLe s e B 5 5 ] < ¢
RED 1 b -3 13 4 1 1¢
TN 34 4 =5 12 g i¢ 14
GREYGREEN = 1 -4 -2 3 s >
GReeN € -¢ -3 > 5 43 41
YELLOW g4 2 A% 43 % 9 g ¥*
WHITE 149 ¢ ¢ 14 14 14 14
GRAY 14 ¢ ¢ 196 0 19 1¢
CYAN 9 b 1 3 14 is 3
ORANGE 40 © -5 __ 1425 s 5 1S
BROWN e B B SE ] 4 7 €
MAGENTA 9 &t 2, 5T B 2 1
LIGHT BLUE i¢ 1 & 11 js¥ o -
VELLOW GREEN 1¢ -5 -5 3 S 15 15
PURPLE L - 5 | 4 i 4
x R achally T bt hreed o £ 50 -H\g Y+RY < 14

¥x 8 achaly -5 bt foreed b -4 o Hot Y-BY < A

¥ux BY achally b bt feed fo 5 5o Hhat YiBY <16



MAGIC Rejis‘fers

RBS7 ReaisTer o

va%g
Bits D—L*’/‘fovmq OL o B Te| fattern Base /b/a/r‘eSjL W

244 moving object’s
TAnSZ?’ it Snefo/ M"* Fe/ Fah‘lzeri *Pom‘ferl.
S etk e s FESSY 2| S H| ubrd

s of Hel Sivst word of #he each movin 0.5'607'5 | gatern.
Tl‘ese%"essﬂﬁJ Lormed as {D%N.S?A =T r -] _
m Lo-Kes ma%e e
9 bits (0-1)
4hits P14
~—— ol Patt. Pointenr
Base Adfress | for kne coun? (6 lints)
W woerd count 2-werd 2/ /9;4{»

- Lo /me o/escr/pfars)
A’N‘é: TAIIS M‘?jfl‘kj re[z//ro.s [0 (esnj [djé,\ns ) lem 1
an'es .

52-wer Vﬂrd bou
i ”l‘-/?es MM/&’

7 H‘F)s
| c1-7 5
S TR B# fonfer ||| ' I R
Base w@s 5 _ — {ov |ine CDM)L[M /I‘hfs)
£ L5 B e e ~word count (4-werd

| ?el &/’“et"n ,/uz

| JEbC"‘lrﬁr5)

A/Dfe n«s WSSlhj M{umes //-4 l?es fa/ #em._s 73 &]m on
; €4~war( bﬁu‘,énes



MAGIC Rejis“fers

&5379 Ye‘;isfer‘!g (cont'd) W~

Bits X-ISﬁackgrouna’ fol Ptforn SEer Base Address
This §-bit field i m each
bac kjrmut/ card s fe/ falf‘em for‘nﬁr (from entries
in He ﬁacéjrvm/ Gbe) B form the werd adiess
1of eadk l»ackfrmm/ card's f&/ Fa/férn. These

_t,«_)—a__r‘c/ 3d7resses  are Yormed as fottws:

' ‘ 70 bits e
bty o ———— 20T
Ng—\y ?C/ hrnﬁmﬁf‘ ;][

5358 A(/Q/r‘e.ss W for /,')’e Cpuh%

9 bite (& /ines)

/1/07‘9,; T4 aa%e.ssby rczzu'res back;roua/ card f)d _ }Ja/éms
14 ath ﬁej}n on  &-word boundares. o



MAGIC Kejis?"ers

. Reaister I ¢ Background Adiress
J l&a’
' Tlu‘s rC3;‘s7Lcr Cén 7%/'"_8 __“'Aa /4~A/'7LA aa/ﬂ/ress_
In Card bwa’e/ His )s the adfress eof HMe
Backaround Table. In B /‘/E;P mpse y s us

a/%ess ff; Mﬁord ,ulo/e- 8creehn /7&/,
[],520

)

Fa 77‘6)"}«\ "

,r‘(£57i Keg:sgerz /4/,9,43 7;35’/ Adzress

Thi's re7157(£’r eonTain s 7‘,(/—.5//[ word a’/’{“"“ "fﬂeﬁ"J

of a series of 480 words : diTad ot
whieh $orn a table 20 words wide by Z‘( wora/s h‘% :
%AW  Dhoper e

coﬁaw@ 7{0 cxarad(ers \wd'e h//'// 3/7/’6&;" on He screen

rong
_n kft B n?# sefaeace IET céaradérs fer,\%t 24’

rows

Y- —Av Sy per-. sclréh-ﬂ?sfb/ o N2 Z
it %ﬁ‘ s Fable it e rger by oo

S

where n s ﬂe hnh!an b He A/flz Bicess

24 > /5n
Sield.



MALTC fej:'s?‘e\f‘s
RBS7, Ke;ﬂ‘sfcr 3 (eonld) W

isp
Bit 7: A lpha ‘%’:Yfmé/e

Ytk partsone
A1 enaé/es‘a/s by of tHe co;,/m/s of He A-Aha Tabk.
0 ”Jgab/es ,He' d\sf/a M The A/ana/; /8)/ U(//‘t
Suyern.pose;/ ooy any aﬂer ‘s ay on Me screen.

Bits 8§-1) &4 '_'/ ar Back‘yrouw/ Excess

_ Card mode:
In card mu/:, TA/'s 4- :4/7{ /“*gor\?g/hs ﬂe hmnéer O)[ /6 et
(32~ 23 tow) ® Hat MACIC zw// as me have
been adfed 75 eacd row of edmEs 2-word enlvies in
the Backqrouss Table, Aflev accessin 40 en/“rles to
dl's /oy 6@ cards on Me screen, MAEIC will skip the R N
o/es fe/ number of /(~eh7lr7' Yiorken /52-wm’¢) efar 1
,Zy/ , the confenss of 'He unex) A -
m

This effec?lzve/ uw/ens ﬂt Bac,é rm)r 75€(N/ 7‘//;47‘
/nc‘reasm7 ﬂ( M»JCr oF La i 7}’/5 /56’4/ a/‘a"h oneé /An.e)

an&/ /f 5/éh/$ 'ﬁr /'mfea/ /wrl}ﬁ a/ /j:cé//m
ah‘er‘m]A the Fable conYen?s. Yn oﬂer word3, eacA z:xcess count-

enfry

ensbles L horipale/ scro//mj $or an_exlent of /6 Cands.
»/ B b | Lo etes bl |
_ norma ﬁlﬁgmm' _7&_’/5__’___*\_”_ ool xcess bloek :
SN fed T SIS ERE Mt 11 b Twol i | Es
ERETEeEENEERIENT ENEEE 85 EEETHEIE
RGN T ey " ) SRS s} B SRS S mman 7 4 B0 S S/
rewl! | yTT 111 14 it rrl i
’ ’ e DR AR B S 5 R B 0T B e ELS R S
¢ ° o ® = . ' . ]
BEEMY T C o) el L T aam] L /343
ear] L] ] FREEET | | ERi g

] (up to /5exc:ss' boeks

a//owea/)



MAGLC K ej 'slers
RBSZ, fequTe'f‘ 3w

Bits o- SW%" A/pAa Excess

TA:Q 4. 1> 7" 'F:e/ol CDn)(amS 7'7(2 lxh»jeb 07( /lwvar/
{32 cAarac%er) L/ocks Hart ”MIC W/// assume Aél/e been
added 7% eac vew of He /4//4’2 Tabte. Affer 04%/?//;7
Fhe cn,?‘ené of 20 werds "7y form a rew of
4p Marac?’erﬁ on Fhe Screewn, [(ACIC w, Y/ s,(', '/‘,(e
ey jrzafe o number of [lb-word }/ocks before 4 s/éa
Hed conTen?s of He nex? 20-word seqm
. f-ﬁ:’c /Ve/ widens e /i//h 7adre (wHhou mcr@s

#-C Cd//h n 5/ //7L3// 7[1“ ot/ /
L\m?“}”scr*o//mj /h’f/?‘n’w?z( »::V/é)/f?ae blep?:i?‘e:fs i

Lxcess blocks

a / /’M
normal Alpla Table B B e i e moors

| T c———— 20 words ——> Séwerds—>| ¢ = ¢ * ° /b word s—>

=




MAGIC Ret)‘, sTers

RBST, Register 3 Ceent )

Bits 8-l '
Bit Hap mode;

In Bit Map mode , Hhis B-bit ield contains |

the wumber of 32-word sc]mtufs +hat MAELC
we ll skiF affer;o//'s/o/a//njﬁ"JOwom’s (240?9/5) Fhal

descm'be one /r'n; ol He w‘o/e-sére;en'/?e//mﬁ?mf 77\/'3” | "
eHecf,‘n// widens the fe/fa/em 17 128 /wé for
ench Frcess counl, ame i} enables SCro///n] 7o
" that exlenl  Each Excess cound :)‘Qf//efsm an BV Jans/
eguirement of 6,144 worts Usaxi92),: | | |

Back?rounc{ Lxcess (cont?)

memeory r
: wormal whole-screen e '
.fnl palfern 1 Excess L/Mk
line o ryoraia ¢ - ¢ L TELn o
o | 59 ¢ 91
/}hc 1 ; i i 4 ‘,.‘,,'...“! :IM i3 e o s .!‘.
£ 3 s o > i B N :
; ' gy ons ' f
+ : 3 + oty -
2 K3 g | Baacs
i . ! 1 .
lUne 19) | &= XX « --- G
—lime W] | ety 1 R e - —— = F

" o b Extest Mocks ' |
allpwed )



MAGIC Re«j,‘s fors

RBST, Keqister 3 (cont'd)

Bt 'BW Exlernal Video Enable

A enabes MAGIC 7o syncﬁrom‘)c ifs internal
chek wifd an exlernal composite video s%jna/, ‘
Bit 1:Gepitpacipdasof - Titerlace Dissble

A 1" disabls video a’/sf/a7/ field in}let‘/aCI'hj.
\/isua//y/ He effect s 7o halve He waskle /e aéhs/}}/

, an/ Yo inprave He ,af/earance oF the A//»{a mo/e a s,o/a/

Bif 157 WWM“ hcémm/ Bt e Bradl

Al enadies e B/t Map ).tooé(-,for bacéjrhy//s/o/)
Pl cnaé/es He Cud mode, | | . | Lo



MAGIC Refjisfers
K837, KeclfiSfcr‘ 4

Bits 0-17: W Bottom Berder Divide siTion

Ths §-bit fField conains The ;uunfer oF He /gf%—uosf

Hat has He ohr of He rih?-s/de portien of the
boﬁ'om bara'er‘[l €. He first ; //JF W”ﬂr’)

Pos: hsa

Bits 8- 1% Wﬁp Borcker Divide m,m

This &bt field conﬁams He mmber of Hhe fefF-mos?

Pe/ Hat has The aor of the jl.f -Side ,oorhon of +Aejg'g_

border (€. The First fe o ﬁ/r)

Lf’%l)(lm«
& Bee the dla] ram in the a’eSCnffwn of u7zs Ter 5')

K557 Ke@leer‘

il - 7.@;@%@4&:&# Border Divide fosition

; Tétb y—bl’( 7(13/4/00»175/"5 7%[ hmnéer 0# f/e llf/?e ~Am:7‘
Lwe Hat has HMe cofer eof the [fwer farfmn of
the Q_&}Af bom(er[/e J‘f{e -f:rs%e

Bn‘s 3-15 1 brva 2
EBEEE ST R ARr e mp 2T e

doler,).
l;m foom 3’

” ' [eﬁ‘ 5pm’er .D,wd’e $2si Fion

uf er~mo.<7‘ e Hat Jas He abr of the lower orhion o
_Fhe /__fj- border { e. He _ﬁJxA.,MZu of- o= Lteamd colbr, ).
, gw::fmn . 4 Jf
color 0 color 1 B
Illustratien of

Berde r ' i Border D:wdes

area— [

celer 2. color 3




MAGIC Kej,'sfers

RBSY7, A’eju'sﬁré: Border Palelle
T As rez]isfcr consists of four 4-bif Fie/é/

each of which conTains (.7M imdex o one of He /6 colors
(R%° .
of e faster falelte”, Each field Corresfonz/s 7o a forﬁan

of He border and it selec?s the color for +hat p&rf“/on.
The rejz‘sﬁr is formalled as follows:
1S 2 o 87 4 3 0

Border | Berder | Border Border
color 3 | Color 2 | Color 1 | Color P

(See a’eScr:'ff/'on of re’is/'cr 5 for 3“04{7"&1»\ of the akmveue.f
of the cofors)



MAGIC Regiafers
RBS7, Rec&is‘)ér‘ 7

Bits 0- &GP W] f9B G~ ASCIL Code

Th's 1=bit Seld
of He characrer whrse fe/ Fa/fc’m will be returned
Ih r‘eirsfer 8 word 5)/ WNW/ /n d/f S/fﬂelzce o@{er‘mmea/

LII He Eeac/Backﬁé (see {&//Wm7 7(/6//)

cm\][a/'ns the ASCYL coce

.51+6 8- 12 Wm Read-Back fs% Mase

s Lt ;,ea/ma“iake on Ten Valhes, esch

,COYVYSFOhc/mJ 710 ore Fkase,\} four Foss;é/e

, moa’est

| ._BI‘}_Maf Mormal

mode

Card Nermal

Cord Double i

phase name
2

Card Mprmal

1oLt

, Kﬂ})\f

Le¥t 5

3 ﬂ Kiale 7

Left % Tlu'rd
Middle
KltIM’ ET}MM(

/na read. bock

phase hex code
[




MAGLC fejiﬂ’ers
KES‘L Kﬁ'iﬁfcr §2 Characler Eeac/-gac,é Patfern (Keac/—oh/)/)

Thi's re‘]a‘s?‘er contarns B fe/ patfern Informaron
for displaying the ASCT choracter whise code was placed
in pefiskey He ASCIL Code field of »7,'57‘” A 5’747‘ sesuentss/
reads w;l/ frw/q’e all He informatiom For He phase whrse
code resides in The Kead-Back Fhase Kol of rej)s?ér 7.

Genera Fion

(See discussion of Charscer Boimpbelaek .

KBSY, ﬁcjis?ler &

a3
Bits O-llz~ Background Frieri s

This 1241 ‘Fl‘e/a/ Consisls of Three 4-b'1

3‘4‘9‘9'8&/5 cac4 confa' hq 3 0{’5 /2 m’ori?‘ /fn/
, ! Card fieri Ty /.)'Z'de b f . !
The 2*‘/'*,\ ' /n each énﬁ/ of Hhe

53cé7roum/ Table will index one of these Liefels 7o
767" a fm'on‘fy /Qre/ availsble 75 colors on ;1s

an/ ;,\Ael : '
Farﬁcw/ar Cdrﬂl. {Fr}on’f/ (\3 /5 an E)CCef”'ﬁh as /'7L
5{790’ fles ‘o f”"""‘"%f ﬁwe/ " for colors on its Cam’,)



MAGIC Kejis'fers
£ES. msfer [0

Bits O- 2 QPP oA Y RE Bickrowd X Gereh

T/MS 3'5/)‘ ‘F/E/Q/ C0n7l¢11k$ ﬂ.e muufer &7(/92/
Pos/fmns Hhat He Aackjm«nt/ will be sirfled
riaht
fo Fhe ig on the screen. Thrs lalue may ;*375

fvom O B 5 // e. 7o Zy/ess Han 3 caro/u/a/ﬂ)
fQ

Bit 5:@MW%_X Berder Extend
AT dases: e b lrdees Hio s uicnd
iy by & pels (fe. acard w7 ). This bides
Hhe :\unk “exppsed” by Am’(}mé/ éack/wun/ sh/f/s .

Bits 4- b B pd bbb FLOER~ Back;lrouna/ Y ShiFt
|| i This BbiF Geld tonls/ns  The number of e
Fos/f /o9 3 ﬂaf 7% 4 J;dcé]r'ﬂmd’ A//]/ be 3//‘)(7[@/

‘ a&’gum/ on He screen, Tios value may ramfe.

SA f1

B ,-Fro,k 0 to 7 [;'.e., %o X //'new less Than a card /78/ 479
Bit T:4 Y Border Ex]éh/
| berderg Fo exlend

-/'nlvard’i 177' 8 //'MES ['P a Cah/4ﬂ7/{7() 74/5 4045

Aloha
the JMk exfmeq/ L/ vertica/ backjraum/ SA/flqs




MAGIC fe?/s?‘e rs

KBSj K€4IS7[€P [0 (con?d)
Shi £t

Bits -1l WM%M X Seret!

This 4-bF fel/ contaims the number of pel
positions that the Alpha display will be shiffed
Io He m‘j%f on He screen. Th/s alue may ranfe
from O 7o U (le. o Lpel [ess Hhan it takes fo dsplay
He Yoo wemh ASCH characters Confained in a wordw

Bits 12- 14 tpdgiz p#F) Alpha Y Skt

| Th's 3-b:7 Feld ontains  He number of g/'),e,
FﬂSl'?Ll'ﬂhS that tfhe /4//?‘2 0/1'3/9497 will be 54/'7(718&/

. c/awnh)arﬁl on 7‘4e screéen, TA/'S Va/ére ma[ V‘anje
| hogahl .
Srom 0 1o 7 lie. 2 loss Hon He ity of 2

 row of Alféa cAaradLers)

__Bit IE"WW“ lqua Border Extend
1T TA V causes  the /ﬁcf border @W

B ex]L&m/ vwerd Lr /R f&/s é.e. 2 cAarac/ér‘ A/A/Z%S).
This hides He ‘)uuk “ex/wse/" by Ma /tori;,oufs/
A/an 54})(7%.




MAGIC Fc]{s%er
RBST,_ Ke_f}fsf\ev‘ N [See Q‘rsa«ssion pF screen 3/9/1'7(5.)
Bifs -43# Screen Split #2

This S-bit feld COD\.}al‘hS the [ine ov fe( ppsﬂ(/‘oh
(ivided by §) of & Screen Splif*2.

_BH' Se« Alpha Screen Keverse

A MY means HMal HMe roles of e fm‘uary and’ sem.qér/
screens are reversed for A//?Aa z//s/o/a/. .

Bit 2o Alh Overlop Enable

A )" causes A/an a4's//a o end ah Splil "2
on Th fn‘mry screen and Fo béqrn at 5///’/‘ Y on He
secondory screen. (Blgha splif mist be ensblec) _

Bit e A{&Aﬂ 57p/1'7[ Enable

AV causes the A/Féa c%‘s/é 75 end en S'/D/,‘z‘ "
on the primary screen and 7 e]m at Sf/if *2
on the sccom{arf acreen.

>3

Sl W 4 ) 7/




MAGTC ﬁeju‘sfers
gBS7 | ?ej,‘s)(ewll (eold)
Bits §-1224 Screen Sro/JL ‘J_,__

Ths  S-bit freld contatns Fhe Jone or fe/foS/}(/'m«
(d.\vided 57 f) of Screen S/’/’ it | ]

Bt 138 % 1’7[0""50)1'/1/ SLi—

A"1l" means the [lixes s /,7/Llj the Grap hic andsor

| screen displayb) befween rlmar and
A’gona/ar scrcen/so {kn Iwr:}mfa/// | A D" ‘means e

3f’l:f‘ runs verfma///
Bit e = Graﬁéfa DVer/ap Enable

A'“I' causes (ora A:a 0/1 / % end aF Spl7 4

oh ﬂla rim SCreéen am/?‘o b m af //iL 7
on 'H»e secom{ary SCcreéen., (Gf‘lflw [lf bu(s}ﬁbe 8"35/0/

Bit1s - Grrgp)uc Sp/nL Enable

| A" causes the Graphic d,sp/a/ o end on Spli1 %]
_on The primary Screen and To bejm on’ Sf/ ®) on He
seconalar/ Screen, |




MAGIC Kefisftrs
S7, Reaister (2. (Read-only)
Bils 0—/5’: w Currens Line Counl
e T 24:7 Lokt contaims He namdber of 7‘4/9;(}/59; %
whied Be Is Currenf// be:’rﬂ refreshed on the screen,

Read'ng #4ys K re Jsler resels the in)lerru.,?fs, bt He
line ootnt will not be affectes

Bit 984 Line Count Ih?‘ef‘f'klpf'/:ég_

Hal
A )" means Hal He /'n%erruf?,'\/’/f?él‘ ¢ generafe/ for
7'7{6 £8600 pas Zue 7o 7‘4& Cu‘renf e uu-hf mafdli\j
+Ae value m e .L?’(rruff Line a’knj )C/‘e/&/. Thi's b

will be reset Yo "B when Fhe rej,‘s]‘er is vead.
Bit /03 ~ Kea/ Tine Clock Interrupl Flag_

A" means that He /'aﬁ'rru/% Ha? MpsrC 2enerafé/
{or the €200 was due 7y A2 3 “tiek' of the Led/ Zime
C/DC/é. TAt‘b bff U/'// be "(Se?L 710 ‘:2/” w,{cn f‘e r-ejl'.sfcr-

is vread. ;




MAGIC Keqisters
251, Ze?is'[’er 13
Bits 0-8:e Interrup? Line Counl
This G-bit Fiell contains He aamber of He
d'splay /z'n &‘ which IAGT C(Qw:nlf;ener\a}‘e an
mlereupl 2 He EPI00 When it is webreshede molched
by the value of He Curvent Line (ount.
Bit V84 Line Inkrrup) Ernable - kd
AN means That /TBEZC 4# ]enerazéan pierrap 7 /&

the 68000 witn Hhe Corrent Line Gun? wmaZohes He

Ihferru/?‘ Zine Gir:

Bit /D¢ # Kea/ [/me COlock -[h]él‘m,vf Enable
bled To
A 1" means Hal /I46IC 'wf ?eener‘afe an

B )‘n}‘erra/;f 7> He PP uppn every ok of He

| Rea/ f'mé Clock . B
Bit l-2: ~ CArommljce Encm/mq Yelhod
 This 2-bit field cohadns s pecifies which m

“MT Clmbwnlezt'c ehcoa/nw] ue/h/oc/ /8 A&nj 4580/0 T‘ui_g/s)

2] AP "" Vi (DC{eﬂ/ as 'Fﬂ//DWS'.
_QANmmﬁ?ca encoa’mq code

SECAH o
R&B l
PA L 2

ATy 32



MAGIC Rejisfe rs

RBS7, feqister 13 (con?’d)
Biljas Wancder of Lines

A" weans Hal He screencsply comsisrs of
625 /nes. A V0" means 628 Lyes wu/rise
Fhe 0//'3/0/5/. V |

Bit 142~ fol Densi?y

A 1" weans Hal He 4//‘7nler of Two fe/aéa;/’fﬁ'ej
will be used and Yzt He resultan? aelve //‘c/‘ftre,
will Ioe 5/74}(/7 Swalor and He borclers S///// wicbr.
A0 means Hst He lower /;e/ gé,.g,/ will be user!

- Bit |5~ KAM ch e
| AN means Hhal RAY is cmfzosea/ of €4k <4, /5.
1A 0 . mEauns W 7%6 l// S)( 75 /ZX/ 1




MACIC Kejisfer“s
RBST, Reqisters (44 15: Time-Out Reqisters
These Twe mj/'sfer_s conlan sixleen 2-bi? ﬁ‘e/é/

mﬂ]isfer 4 c&dfs,'m‘nj He /(ow order b'7s and refister 15
He Ai74 oo B fs. Bk N Ll el b
Codle s}pech(},‘nj He namber of WALT slales
norma/& Invelved i accggsx'nj each 32K fﬁr?l?'ﬁh
of memory. Bits i e sero bt prsiTion perfain 7o
the first (lw) 32K, bits in the nex? position fo He
next 32K, ofr.  TE the nwmber of WAIT slales
exceeds the number r&[a/'rec/ for normal access 5
MALTC  will jenemfc He PTACK 5/'7na/ s0 as
to awid Aan7/'n7 up He £8000. The mumber
 of WaIT sfales albwed are cedes as Soltbows
B A RTRORT
| e WA ofales: (8 2 1. 0

r

Since Hese values affect the dasic fahcmm'nj of e
_ ‘s?rs?(em) £ He FESET /'/u'ﬁ'a//}a](/on Seprehce ,Shaé/
;wri)[e fw/etn /'h/o rej/'s)zers W ond /S a5 seen as /wss/‘zé/e.




BACKGROUND GENERATION O

A backoround screen of cwsfs?ls of

[92 tones, eack Me made up of 26’ e/s TAe screen ols ,év/
may be /07103/// dvided m/ Camf ea:{ card £04\7pr/s€4’
O'F b4 //neS Cd(% /),c wnfam/] e/s Zn_ Phis Cam’hwfe E
eacA c/ /s dSSlJ‘ht’f/ a oolor am’ eack card Can have
3 Se/ccf:on of aributes y /hc/tm/uz a’ezree of resa/e)‘mn
and display fmomf/ Alfernately, “in l1ap mod ”) The
Screen 413 /a be [ lcally 4(&'10///4//6 Wi eat

;5 o+ reso/m‘,an oﬁj frmm but /wM jreafcr

ne and coM//eX/};« oFf w/oZa o,

Eacé .ﬁac/(;jrb‘mr f:c]lkre @/ucA Ma be /27
Han whal can al's a/ez/ on  The SCrec;z af ce /'s
de_scrlbld W th  Wlhlr ): “fc//?d/f?rn A / /férn
_ descnbes He cobr 42;//:/ Somersmes ' LaminBace ) pf eaa4 pe/
~or trio p fe/s rejare . 7}{65& f a/ﬁ’mj may
bz on a -card basis, as in the' C. o 7t or
h«a be §or~ e enf:rc bBC/é?mww/ F:c?’hre as m 7‘/11

72//74/7 MOO/Q
CARD QODE

—

| In the Grd MM/& _ :s /a ed //cft»tre e
consists of 24 rows of 510 cam's fer raw /
afem for eack card has a cors amﬁnj
Aec/\ 1S ar } of 1At enlry for eacqd. Jara’ _.,f;{e,
roum/ 7a A/e TAe e/ pa /ems ma / ﬁn:oqf: F’//
4;,3%413790*1 /h /’e_ i 4,.,1"6 wired For e/ Mer K
- Lolors may f; as

,or ow/ Fesoll «fzon 17/6 e ”/f
/3 a rmr wa e t/erim .s w e er‘ /re
ID / / : /0355 I;tbha/ or Me-FN»; oF i ‘7 3

Movmj Jcc




BACKGROUND  GENERATION

(95

Backaround Table — R
. 3 : énc’ wit Mo
This 7able resides m Hemory ;ﬁ/{{/};m,s/sffc vf %0

: . j,{arnaﬂon
Z—wam’ e);?l)‘/'es/ cac[ eh7lr)’ con*aa'm'a ,Am 'fdr‘

s

cD"”j

a fzr)‘/‘cuérr card /n He éacéjrmna’ 44'3/}49/. The Hirs?
40 m e»?lr/‘es ferfal‘n 7‘0 7%2 4/0 cards of 7‘}(6
{/rs] row of He 043/?4/ ,ém/ere// lef? rl'ﬂ/y/ gnd He

next 4D enfries fo-##/ perfain To e 40
o

, o onh for
cards of He second row / M &) 24

rows ot He 4{'5/7/9}/. (Bee the Josen'filtbh of Zer'aﬁ:r >
o FBST dor oetsils of He :Zm_é;rvh»é/ Lxiess punt)
| Fack 2-word ewhry /s Sforwaled as folows:

IEHISlZ)’:/o? | s
b Ll deardiglmll ol oo ol L e L L
word O | Bide 1315 Pel fatternfoinfer |
R ik , :
| card card card | card Ahaafar@ml
word I | color | color | color |color | damituler
| T ll= BrE RN
‘p\étﬂ h«zdeﬂ __index irn/é,( Fa/e #e



BACKGROUND GENERATION

where the fields are defined as fo Jows . n
added
Pel Batfern Printer — 7his value s s riber sy
the Bacéym«m/ %/ Bern Base Address (r'% Lot

KBSV) 7o form the addhess of the firsT
word ef a&c;r?es/ f;aﬁern, These word adA/resses

are fermed 2s follpws!

/0 bits
P et i - el Fathrn]
ﬁﬂ',\ Pe| Pattern PoinTer 1 3 Z 1:—'?>sz4,,55
base AM"’;( £ bits I———For- [ine coun

(& lines)
noler This addressing reguires card fe/ palterss 7

bea'w sn §-word boundaries

Y Mivror — A “1" inverfs the order of q/,‘sf/é’/""f

8 bits

 the vows of e Pe/,a]?‘em S48, 7L/re7 are
\\4)?”:“/" @ ‘foF for boom. P
X Mirrer — A “1" jmmwe Feverses the order of
a/r'&f/:,z%j He f?e/s of bacA yvow lof He, |
g e D T i
for m‘jiﬁ,



RACKGROUND GENERATION

Hi Res i A \\[” means 7)‘/48 fe,//ya#er‘ng s Cod/pq/

Y‘J Wy

for Hc'rjl Keso/af/oh;naoa/e q//'S/%?/, A /ﬂ medns
&ard

it (s coded For Low (esaé//ouAmoa’e.,

(#iTA and Loy ResoluTion cards may be

mixed (n 2 af’sp/a/. )

iy
2 i = A meansxéam’co/srs 3 and 2 Take

TE LB A — Wi W - -

e = — —— —
- =

oh & Fmbri‘f71 /eve/ deTermined b/ The
Card Friori?‘y Index Sor this card, A "B
means card celors 3/2 and | take on

a priow'fy /eva/ .

Cand &y~ | 14/is 15 the Card ﬁzbrif/ Index.
Values 0,/ a»d 2 _act a5 indices T sefec? one

of He Hree fr:'oﬁf7 fevele available i ,.,],3;;; 7
 of RBSY. The selecled prierity Jeve/ becomes e
~ Card Vr:‘on‘?‘f Leve] and is Hen available 7% two or

three of the card colors as Their fm'orz'?% eve/s.

/ 15 auaifaue e co/ors

TLA.L.: 2 ok /. g y NEEYY Sy Lo R & ﬂh:ﬂl‘;"u /plf‘ "'Ll\s card’



BACKGROUND GENERATION

Lo-Res el Patterns -

The fe/ ,aaiferns in Low Resolution mode {rovide for
sefeclion of @ cofor for eack pel im & Lae.  The co/ors
available Hor Sefecloon  are Those erdfr‘eq’ m Fhe ﬁférd

Ldgtaiit Talelte of Yhe associated enlry’ in Fle .Bdckjrmma’ Tab/e,
Each werd has e -fo//élv/'u] format;

] Je ¥t n‘t)h’f
. 15 u_to e - S5 1o
one /word of st pei’ pclll Fe//i ,ae//i ?,/f Pt/; dlescribes ere
3 rel gatfer color | calor [cofor | cofor | color | cofor 'we ¢f a card
i pmath used index | index|index index | Indlex| index ot

’[exanple x)

color esbr | 4-Color |
o | Cord falelle

o)
fo| & is the [eft-mos? fe/ of a card/ine, and ’pe/;:'s the
r.‘c)hf- pst.  Zach 2-bit field indexes one of the four colors im
+he m&/cﬂz. Eac mése[uee.f word of the pe/ ;u/?ﬁ’m
describes Hhe next fower lLine of Fhe ..bcé]rm/ card, _7»{5; dre
Brf‘a»'j'ed bas il Ay Ns | bt L S T

[pel patlern addresdd

werd O line 0
* L ]
; ot
; -
- 2 ’
] ’
[ ] ‘ ®
word 7 line 7 |

3 ye/ alfern $or 3
Lo-Kes card



BACKGROUND GENERATION 5

Hi- Res Fe,/ Pallerns
The [e/ faiéms in %Kesoé«fﬁn mede )aravia’e,

lum;nance infFbrmalion Ffor e/ in. & line aud color
,‘nFarw\z}‘/'&h for ADF{(}&&]‘&/ r‘duFS D'F 7%&"(: e/S 87L‘a

Time. The colors Y availzdle 'are Those Sfec/'ﬁ'ea/ /n The
Palelfe of He assecialeg enfry in The 535%7\%/ Jable.
TAL lam/narce sFQCI'F/ez/ may bé one of four Vieve/s
(or“adjufuuf.s”} y he absolale valu e f)e/'nj a/efem/oJL Ly
Hhe driginal laminance Y Sfec/#ec/ /m He lcolbr’s u»a{/’usﬁe/
CAromi»lmce code. (These Chrowm/'mance codes are He
Y/BY/RY Values zz'ren m The MasTer ﬁ/e/ﬁ/ RBS £.
Zach werd of fe/.a/7'em okseribes one [ye of He

i -Res Cav‘d/ and [F has He ﬁ//ﬁw/')j forma#:

15 M B

Left |Riaht Pl | felL|Fel 2|Pel3|Feld|TelS
trio | trio [Lum | Lum | Lim [Lim | Lhm | Liin
Color|Color

/ \_____—W\/\"\_/
lexample) >\Le{f pc[ trip R;ﬁl‘f PC/ Frie

Polor| Color | Lolor | Color|  4-Lolor
3 |2 |1 | F| Card alelle

Bl ¢ is The left-mosl f"'/ of 2 card”’s /ine, and e/ S
18 the "f’]éf-mﬂf LEach 2-bit cofor $ield indexes one 8f the
Lour eolorsd o e Card faleffe and (7 dbes se for a 7rio of
Pe./.s. Ead Suﬁse/aenf werd df He fe/ Fa/ﬁerh a/e.SCr/'JeS 7“4:_
nex] fower Lne Of The backgmw/ card, jusf' 3s (n Lo-Fes mode.

The {p//ou,',,; 7ab/e map He liminanrce ooe To the [aminance
a{;‘nsﬁnenf a(con//'h] Yo He Y value m e CArominasce For He pe/5

CD/DI".' Ltuminance code ranqe of YV3/3-¢L
§~b 29 ro-lz 1314
1 £ Bt o
e +2 -2 - - . ,
/e +4 Py P - (wminance &/Jksfuenf

47 O S B & T £ LS T



BACKEROUND G ENERATION ‘

Color Frio r/fx

The re/af/‘lfa rioril /etfels of 2 MW Mecf
and a backqrond /pe/fa’efer»{me wAether Th }ull/m] 0 jer/i‘
asses “bedind ' o fronl” ot 'Haf pe e/, U'{en
mol/m 01) e enaaunfers d basc rotna’ fe/ Hhe /fem
m‘ﬂ) /jﬁer fwm/ feve/ ?é”-fc‘ie&— "' fro I+ bo4

‘Tems ave' the 'same priorit /eve/ He  backaroond pe!
Isfa/S "'n Front ”, 4 7. ] 4

The  oriority fovel of He wmoving vbiecs /s Sim
fu&/ 7‘9e 64/6 [/Z:owehyj &5 (ec?'’s /] na/J /mmger /’ /
/70V/n7 6 eof' 73 4as  Nbb fl‘mrz}( /eVe/ and /70’1’/;7 ﬁée&/l
has ) Aer m&n?‘/ leve/.

7'41 14 mr,7/ level of & backa pbund &/ on He o4 er
}\ana’ Pcsu/fs 4n9m a co /7/€x Sej/ecfwa roceS.S lv4/cA

7 even resw/t im  no fnorn}/ feve/ (wh( cAf;s less fmrﬂ/‘/
jero) Fer a f Aabe 3 fmor/f/ level/, ;7 mus?:

1) be farf of a Cam’ mode o /d//

2) have Card frlor/ly Index e wa/ Yo 3, dnd

:5} have a coler f/au the ﬁ/;/f/e
tHhat Can have a fr\mr/f7 feve/,

: 7{' a Cahr/j Cam’ Fnﬂn?‘f Ina’ex m rfs Z&c I“”‘-h/f//<
enfry s 3, its colors have 4s _priority assakiazed
with Hem " Tf e Card riority. lindex” i3 2, #r 1, iF

Wil indlex and Setec? a.

frlon Leve/ from. re /si%r g
of RBS7 and, assecra’e '/t wi L.&/J)m 3y 2L

Hhe  cCard’s &/gﬂ_- Xt He 2-Pi bit /s OFF
: 7« /;{: c;rj; }? ermq’ ];:v aé entr / ﬂcl 557(/8;;(/(/ /nmnz/‘r
eve/ W <o be Jassec,a’e with! ‘celor 0
carl eup i

Blede. Tie fo//w/ar /’a]rzur a//e;»/pff
hstaZe His scheme.



RB3"

ReT}sfer s sod

BACKGROUND GENERATIOA, 7

A

4 ®)

he?

Backareund

\71 Card J Beior/ s
7=

no friori fy

L

priecity feve
in positien &
“hovk ed *

Jﬁs"ncd Te

\BERE

Backaround
Tai}e' 5 OI‘
en/ries Y
IS KIH TG
3 ?aleﬁ
i e fo 37 2 010D

, Pe[ ﬁaﬁc rns
(selecled words
i//u s7‘ra 78/)

L 1ol

s ¢.3 ;211> ¥ % 3z tim

fe( 5: cofor G e(f 4: cofor o

‘fr'.iorify./evz/)( g ,fﬁa‘bﬁf; fevel 2
Fe/ 2: color I re/&: color I

w rrim‘ir Jevel no friorif/ Jeve/



BACKCROUND GENERATION

BIT MAP MODE

TIh He 51*/‘7ap )nw’e/ He baa(jrm/ iatsle s aa”
sub-diwided inle cards / eacd lzzwmz e/ Fa/%’rn. 7Tie
address /m re rsfer Z of f567 obes kD;Fomf 7o an
m7‘ermed/a7‘e ]r%na/ Table, bul instead ot ree/L/ 7o ore
husg e /a]fem £acd wnrd iof Bis /oe/ a/?‘em olescr/ bes
foelv I?‘ Fakes [ﬂ werds % oescribe | eacd o e
[9.2 /mes ,;7 2 screen-sc3e d/'s /a// //5:20 words in a4/
T4e Yern W'"4’5 ang { e/ 'F/&/ﬂ./s wi 74 en 74 ea

2
a’eSCrf /7{;/5 Sé/m?éa///w €romm /e)cf Yo riahl and Vhen
'(W*em TDF TD boffox of Hhe fIkareWr—Tfég—-m fes
! 3$

fields contain an index i RBSG , He /é 5/”% F/e/}c/’

ana’ Herefore , in B;/‘ﬂa mw’e eacA be assfjned
pne of s:x?‘ecnwors /;am'/ess ff ﬁSr?‘,M
JMA?‘ for 2 BT /lap /’e/ palern. jsas folews:

wordO uo Pell Pe’

eolor co/pr Co/or‘

W’j"‘“ a-:; 43 43;

40 words dbscribe
1 tine —oulsf
192 lines

werd 59 ?-;‘ 237 ‘.}'




CUARACTER GENERATI OV

T

ac\:"f
Tle uj;osc of Charader GeneraZion is To allow
jener‘af,mq ofl pe/ fa]ﬂems for ASCIT characlers a/”
run hme . Le rbyramuer\ writes the ASCZIT coat of
Hhe cAarac er Lhese e/fa ern je LBn)s snio T4<
ASCIT Code ,C,e/a/ , ,sz‘er7 o+ RBS 7, M4ELC
e/ pallern n formarion back iw

Thtin asses
rejzsf § (the Charac#rfca/ Back faffern) of RBS 7.
/:Zbou" Charadler (W/gg&é MM/ZS are BU&M/C 01/6‘4
°V’ i f”“"’l mfvr‘MB/?m for cAaracz‘cr‘P/
Two Sr} m bé’ﬁf Card and Bi# /7/,1 ﬂ/

ewj CAaracT Read- Balk weses are!

) Cavd Mrmal
2) Card Donble Wid#4

) B/t llap
4) & Hfaf Doubfe Wi/

Eacl mode consisls of one or more phases, [t fakes
ea/s st The Character Eea/%aaé /5/72}"'\

gh conse[af/ue r
ulre al the / atera m'FDr'Maﬁoa -ﬂor 4- arTicwlar
e KeadBock

e, [ie V‘amuer‘ may Then
P Zzhon on 7" salne c/(ara

fhase ‘codlenSor wore /mfpy
1/ o llet Via: " ¢ b e e ASCLT Cue orgel pattrs & Ervadine

gl(p_r
(.l\ &67’7%1' ar
' Nu c,Jq’\ Cndve.

\3)'\‘\.7 e “ ll)‘\‘}"/\ :
VRryim of buc,[<7(roJ
N A Wt ng-l«v

VIDESTE ¥ )



1. Card Mormal mode

T4's mode comsisls of ene phase which rovides

mformaion for a card-s’ye (€ pefls wide) Fo,/ a/fern
COnT‘thih} The imaje, of one] ASCEI charecler.

Phase Code ¢ [C‘am'/%rma/z
655“"'

Each r?ccaca/ ot the C/\arac‘fer(ea/ -Back ﬁ;,#erv\ rovides a
word cm*a/(fn s e oife/ fuifem in the lzeru« AL repuired
W Lor ckjr&um{ca 3

15 12 | 0

not used |pel@|pell|pel 2|pel 3 pel 4 ,oe/.;

color | color | color | color | color | (22)

Each 2-bit §iald cor'res?ona’i»j to a pe/ will be either |
or P¥, where !l indicales a portion of the charsc7er iwmase .
The wahf 70: ) /e/ 5/ Wil 3/4/75 r!/r&sen/' The Space between
Charselrs , and i1 fe/ Liold wi/] Herefore conTa/n pE.

2 A
— y



fe/ Pa#ern e word's

werd pes.

Card Normal Mode , example

returned from read-back rer'sfera
Phase » Card Normal , ASCLT code= A
w13 nng9 % 76543 210

+0

||

+

3

2

ty

11

+e

+7

+0

+/

+2

3

wet/

+¢

Jused

+5

o

Corres Fvnaling
card a’/'sf/ay

A

L/

?

]

S\

N\

BN ‘

U

0
Z

ZZ4

Y

la



2, Cand Dovble Width mode.

This mode consisis of Two anses, %Jcﬁe; e
grovia’e fe/ (aﬂern information 7o /'Sf/.a/ FHe Mdraz/g;‘
/mage 7wo' cards widle (12 pels). By c/mé/i:j each line

of 'l‘fe fe/ a/fems/ The fr7r8mner~ caw veslore ﬂz

norma/ pre ortions ‘of e leharacrer.

Prase coge Y /'Zeﬁf)

£ ML (oh S€[u7‘/‘|/e A eaa/.ﬂ» m 1“4/‘5 f/wse Iomw'q'e Tde

/'h7(0""137‘/'0 for the /e)(f /la/f of The oA arac?zr /maqe,
Eacl vead fr'ow’o/cs 3 woerd m The formal for ﬂack;mtnq’

cards'!

15 12 ! 4

pel ¥ |pe/ 1 fe/Z pol 2 f¢/4 fe/5'

color |coler |'color | color | color| color

not used

Each of the three fe/ fielry Fairs onlaln e/ ther
I or PEPL, where /1] imdicakes two /7@/5 +hat are f&r?‘
o5 tha character imaje.

Phase code F (‘Rit).

B El’]kf CW‘SQZQ,%/& Y'Ca/$ Ih 7’7{,'5 A3se row’a‘/e 7%e,
)'nfDVMaﬁ't for ‘Hw_ m‘}k?‘ Ka/F rf 'H\e c[arac/ef }Maye.
The refurned words are formated /'a/ghlljca/%/ 45 Hpse’ for
He [eft half of the ocharacter gxceff HalF fe/ flelds 4 ond 5
will always confain BOPY T4:s "hecause e m‘?ld‘ Fuwe /pq/;
represe The space befween characrers .

)5 1 | 4

ot used |pel @ [pel 1| pe/2 pel 3| pel 4 |pel 5
color | color | color | wlor {(8f) | (£)




3. B/t /7d’p Mormal wode

This mpde (onsisls of 1C&uv~ /rases hgcf/e/“ 7‘n’e
fr‘owa/e Fe/ ,73/%6"‘& /nfll"ktaf/pn //a/ Cha 7él‘.5 KFe/s
wide @,{,aA ch«/es [ pe/ for a space). Larh word of
Fc/[ ern  Coh ms a line Two }"{/ra’s 01’- He widfd of
aracler, TA«_S Fhree wom’; of /aiérp\ will span
740 cAarad‘er.s He center word o)l con loln He
riahl b of He F:rsl‘ Characfer and the lefr-'s of He setanc/
thiaracter, 7,{-4: proqrammer /wzsfa/ 7‘/¢ Com binin

characier ‘fA/r‘ s 17 OR‘M ern words ant?/nmj
those 1wo gorfiens. Smce fﬂa c/zsp/a pAe
[7(?/ /mt; 97cfz/

wust remesber 7har words aé'sema, )zm;
are conslu/,ue M memory wher words 0/950‘:1»/;;] ver fea/

//nes of fe/.s are W Sfacez/ (O words a;pg

Fhase coae 1 (e %)

T/{c_ e: IJL Words of f?&]fern mﬁrhaﬁwv rc}zmme/
177 this Fhasa 1S ‘Forma/fff/as r'ezu/ret/ 17 5t /1;/0 .éaaé/rmmo’
’sp/ay e

3 0

F&/X : Fe/xf-l Pe/x+z g/x+3
celor color color color

The F&/s fefkesenf the et % of the r’e/aesfec/
characler's IMZ] Facl 4-b'F fesd Con/ff/hs /Ny er
LPLY , where N7/ re/reseaﬁ a/&rhoh oF He characrer.



ff@sc esde 7 ("Vz‘qld ")

T/xe ?/JL words from Fhis phase re/reseannsf
the riaht % of The re/ueskq/ cAara[ Yer'’s fmase .  TAe
rema:l/er- 0¥ eac4 word rfresud‘s a space or nal/
(whick are idenlioal). Tty are ﬁrmv;e/ as Toisws:.

3 o
pel x+q | pel x+5 null nall
wlor | (epee) | (Pove) | (6007)

\_’—-V'——JW‘/
char Mt 5 space

fels "Cff‘e.SQo\'fmd a portion of He chapacler have color—<ode N/,

Phase code /? (“Left /3)

TAe e,]Af words from Fhr's A’ase r’fresehf u57L
the Jeft 4 oF e reguesied cAarad‘er S Jlaqe.

ramainder of each werd re

fresm)S a space’ oy ),u,//

The formal /s as folbws:
null pelx+5| pe) x+€ ) x+7
: (d:’,) /Pﬁ_Qjﬁ) F:;/o’:- Feo/bh
fpace W

Pels r'erresc.‘)"mﬂ a portion of ‘He Meru?‘vr ﬂavg t'a/m- (ﬂ/d Y/,
Phase code [, (K,W ’/s‘)

ﬂo. et womfs a‘f ﬁ:) anSe j'e/rt‘Seof the

llj' > of‘ '{Q Zats /MZI‘GL%CI'S 1»47& ﬂey are
malesd as reJ B ”‘f b3¢,é7 ound o) ’.y/?/ moae!
yf.l x+9J fod x+9 fm/ X#+10 Fd X+l
color toler | color )

SpPAC
Fe/s r‘c/rcsu*o‘n] 2 forﬁ'on of He daf&r)zr Jave color codle 1.




pel potlern

wo rd pos

Bit ﬂaa Ner mal [tlgdg_f_e&ah?[g_

words refurned -Fr&m read- back reJuhr
Phase = Left 75, ASCI| code = A

S 4 3 2 1 ©

correspude d/ sp/ay

SC%MCJ!

'“"“/:/4/311/1/»?!76
1

L+0

i

+60

SERT BN

1§43

*[,20

+/80

+240

HERK AR

SARE un

Ll did

»300

i l
§ -] |
EREETL
10 4
w0 1 L1

+420

%
/

A
/////.

//////////,

ﬂnsg = K"QL‘IL 75,ASCH CDJC = A

+ |

+6l

+l

+18I

+ 24

+ 30

— P -
e Lo N N

+36|

Lo L e R N A
L Lo N LN L

+42]

Phase=Left V3, ASCIl code = B

+

|t

L Pl

+(|

{ i1

#a

1

Hel

1iditd

P

+3|

+3%|

[
[
[
!
[
t
!

N e Bl o N L
— | — | — |~ -~
— | TN Y~

Ji1:1.1

i

" Phase =Right 73| ASCll code=B

Y VANANEE

sk dk Al |

+e2

+

{odid id
111

L1l

12

ETARAL

22

[

-I}OJ_

il
Liddid

ool lili ]

(il

4

| ’/
%

N

%//////

’%
’//

//,

Sa




-~ Bit /‘7a’,a Double U//ﬂ mopde

This m/& Cﬁnﬁislls of Hree phases . 7%&/\, 79{?/
provide pel alforn informalion 7o s /a)/ Charalbrers [2 /Deé
wide (wich intludes Zfe/s for 2 space).! Each word of
fe/ /a/f/em informakion Lescribes a Ywe oie Fhird of He w74
of a cAaraz}‘er, ﬂr'ec words Wl describe a /rhe othe
Chayacler wide, As m all B7 /Z;/ displs s werds obscribing
horiyontal /;nes of pefs are (ohse Wove in' memory ,  ang’
Words a/ej‘[m'b/uj Ve /v‘ca/// a/ja e ]05/5 are spaces
b0 words affarf,

Phase codeg S (‘Lett Thied ' ) g ‘ Z
Lach of He iitf Wwords fwaw'a/ea/ b7 ol Thi 5

S i /Ma has The following formar:
3 0
el S
FF“’” ge EFor 8F

P?-] fal'r‘b f‘ef’reseul(t'n a ar?l/W, (9f “/‘Ae eAarad{!r
will have Combined color felds of hex FF.

Phase code /5,—‘(“/‘7/4/4’/2 ") = Similar fo absve

4
it

Phase code D), (*Right Third ")

, E@CA F ﬂ & ) /\7( 5/5 o V‘I'O/&/ 7L4’| il
has He -fp//w;i.) fofme;tﬂ chkER i 1’)’ 3 33

ol X+ 8 ! x+9 e/ x+/0 e x+//
Pw/w' f’feo/w FM’W) F(M/ﬂ)

W
EF or £ g space.




Movh\a Oé;gcf Te /_Kg_?'ferns and D:'srp/a;( PY*:‘MI‘T;[

Tmages of movi 01):7§ gre composed p e/s M#M

a /["/é mﬁi/wld 057 e/,s ’ 7Ae 40207(“!/“2 7«.{6 0 e:/ __l,
2 From b

argferen/ n;lf OFih 71.(,7 £ L 7% e j ¢

Their el ‘0 acv)& [.y 319 / e obuf'are Trans am»l?,
KRS 1 +hrbugh 'RBS 3 in MAGIC am/ or?‘:w«.s of memory

(Ca//ec/‘ / e"‘M.S') O/C'Flhﬁ ﬂe /A of The (b movin Dé eczls,
The r‘e/gjsfeis in RBS 3 Coul: a/n ?}n Jers o eack o‘f'g‘ J

;n/ aFerns MALTC add's ese infers 7o The

tovi accf Base I%/I?SS /n reqister & of RBS Ty e7(7‘1(e

m hl ac//ress 6 }3/78% (see obscriplyon of
£ yed/ster for okl 3,7 K/V f;{ro Fma?Z cm’ad

fc/ 2 /erns each MWIM / Ay ed

one' of Two modes: ,EQSO:, ,am or« 15/ ,(eso u7£/ﬁn

Whenw the value of 7“Ae M Kes b'F /n The AJDVM :be
arame’er sher /m EBS 1 /s ‘;5" He wy,] aéJeoz‘J

0‘5 / M&O/e (s Lew Fsa/ )(, Lo~ Ka) U(‘M 'f u-z///
He o/,ép/a/ '8 ﬂ/)A (psa@é,,,“ "A’/:f{s o A

Lo - Res Mot/(.

?&[ allerns in e Lo-Kes mode allow for Ywo or three
Choices of cofor (and only color) for eack  of He fac/.s Fforming the
moving ebjec? imoqe. Thivty -two  words . comprise gack
LoKes pe e/ palberin ., Two  words per ine BF T»(e /6 x /€~ &{er/
v.farfmj af Hhe 7‘7 /me Because of The Way/ /7/441

Throush’ T, He / f bryy mus? bet/n on a 32-werd
qu}ar?' Re forma] for eacd 7w werds of fe/ fai‘em
5 as fv/éws
15 14 ‘ z 1o | |
word ¢ f\ /'755 of GX/DY'
werd 1 LSB of Glor
color code for L color code for

/eff F‘l , _ _ n‘lm‘ Fe/



Corres h/»j bits from bo?d re )slers form a

2-b1 co/br zwé for €ach /'e/ 7A 7‘0//;%//;7 fa}/c
maps He oty co2;

color Codk colpr assfjnea/
OO0 “Absent " color
o ! Color 1 iF INVES =
“Tnvisible " cotor 1 IvvIs=1
/o Color 2
[/ Color 3

Colors Z 2 and 5> are Hose Aaw (ndices Iy
/,kc _nambered’ Lields of the mow;g a/lele
' KBS 2(i-e. Glar ]l refers o #e asf‘/r a/e e color whese
index is in field L of the hcwnj ezfs Bleffe in RBS 2).

The “Inwsible” ? oolor s avalleble as 3 resu/i‘ of 7‘/2
TINVUTS BT bern ' He mrJaéedlf farame r‘5 ﬁ/& r
m KBS.Z It s Transpa w? (jve. colors .624/;«/ 4 o0

JA) ﬁu?‘/ F Can /nlerac/s  The “Absenl ' color /s
a/so 2n8 m';?‘/ but ;1 Q_gng m?‘eracf'[/ + "isa’t Here *).
7ie Absent tofor /s ysed 7'-01‘ “Carving away fvrhw«s of
ﬂe Jéx 1L j‘mc/ which oo wol *f"'h per } of 'Me )nbw o%/ecf_s

e. T ¢ Tnvisible color /s #seful for exfends sma/)

8.2’ 0 cci( Sadl a5 }a#)‘.s 7'“0 a$5arc I ra¢7‘/’o&

7’7014 a/ A e “tonTac?” may Jare peoarres

beﬁueeh frame ar /Aa/(/s' i

(WELPTY S,vaLS 4



U/~ fes more

of cefsr r each
of (faminance for eazA
/h?corlnaﬁo/; /S express

an or a ,Boo’

b,/“e L/ /’ anll .Ts Ith-(/naﬂf't ¢
horma //Un/lzé/mc Y 7"{27‘ /S
CArozmnznce code. An 2 ,f

D,, 314 /Ithfhdh(‘e
b/&hﬂ//nj D‘F

of He pe/ "behind " i
Sixty ~faur words cp

{our wor«t’s er /me of ﬂehf//x//
Dc He way MAEXC

F&/éo/ferns ’h fa'/e ﬁ[ /ﬁ?

e /uminance of He Ive/ Wi

mode a// for fbar f/o/(e.s
e/s and for Severa/ feve/s

[he way
&m/S Dn A;Ae/‘/{er The /90/ 'S

e /laminance

&/ Aas /fS BODY
&/ mod)fles The co/or’s

spec;/fred 1’ s Y BY R)’
/Aas s EDDY it e Z/«a/

alls /v varieus f’a)‘/os pf

Me Jaminance

rise each A//- /fes &/fa%m
fe;/‘grlﬂ/ Sf'arflj 8/L 7‘[@.

nesses each

/,
[ Herns )nusf s7ar? on a4 €4-40rd bﬁut/ar 7’4e,

-Forma p-f Sc/‘ If 'ﬂar\ woroﬁs

fe/ /a}krn 's as Yothws:

15 " 2: 2,0
word ¢ |[) M3SB of Lusminance
, / LSB of Luminance
12 ( BoDY bt
3

, Zco/or code for
left fe/ fa:'r-

L— luminance code for

Ig#-msffe /

Color

The 'f-o/ﬁw:"? table maps e olor oite for eacA of

He qu/ gairs
07
/O
11

Co/mr' (’Da’&

Vco/or 85314):6/ rom KB/E]?L

Color ©
Color

Color 2
Color 3



The 'fo%w/'nj tables map He [luminance core
for each pel:

Body gel (B0DY=1):
7, P ) raw)tof Y Va/KQ— 0‘F PQ{Q (U/DY‘

/km‘nance coo/e ff_:_g Z:j /0-1(2 13 -4

00 ») 0 (o) (&)

ol t2 =2 4 A value added
(D s4  #2 [-Z -4 fo pels Y vs/ue
/1 AR L 5

Eafje pel (3007=8):

Jumi nance code [uminance a.ssi»)m/
oo “Absent L
o/ Y+ %Y if s =g
“Iuw‘siue” lamindnce £ IWVIS= ¥ 4
[0 ALS K
/1 %Y+ Y

: bohere Y,.I\S TAC Y VBA(E n 7%&
chrominance cete 2T e
“pear” Fe’/'

ﬂ.é I%Sen/ and fnw’Sié/e ‘/Mna&es br;. ana/o oas 7‘0 ﬂe-
Absen? BM/.nVisfﬁ/e&Cé/érS /n X/p—Kes I ptt 7,./ H s/erw; ;7‘(3,
same paryoses for Hi-Res. TAe “rear! /s ape/ Thal
/3 begj vered by an Edie pef of 2 )Z‘-ﬂes M'ﬁj 2 ew}(.
It may’ be {drf of He b Lfyoma/ or fm‘ of 2 )nlt)"/nj
ohjccf of a (owrer f"l‘ﬂ"ﬁ(f /e / :



{r‘iom‘f“ies

of a I%er‘ MV/iz He SCreen 7'742 mw»
wm lepe/  passes '

‘BV/ JA ]f f g

o{"ﬂ\e Mer Or whed a mw/;j oéeaf“ Wi A r‘mnf/ leve/

hiaher Than b% #hal’ cer am boar 7r6’nm/£a/or
eAcounfers That bacéjram«d wﬁr The movin ec”

ﬁés;le';(\'h -f;phf é'f 7}3 ﬁacilr;uno; &//ol“ 71;5/7 e:)w/
a e Wy evel Jre /4

 instead 47% /s mcﬁwei (frf /e?;e Am'ehever ; 2

bun ST Make Soice., FDI‘ /xﬁV/nJ‘ becl's , aly fe/_g

2§ He obJ dave a pnierly [Jevel! ogha/ 7o He

Himber of‘ 77{{, bV in éec/‘ )‘K: A Nnum ber

sz,y7 eA r f lopl ) )‘ims He Yerms "Front?

f and cz [ refer "o fels of Ajéer and [pwer

(monf/ fevels , r S/ecz(/re/)/

L//{cn Oh e MZ;J 0A 80/ enwm/ers 7%8 /'M e
i



Scale Facror

746 Srne O‘F 8 MOVin oé 867{5 /Md e on Fhe
screen  ma Zn,creasea’ or olrm/ms/)ea/ Wi Aou a/}‘er/

or sw,fcb;'j el pafferns. The fac////'es for o am z
are the X and )’ cale ﬁcfor' flelds in the /‘/aw 06 ee7
fav-ame fers stf'ers of kBS _Z /VAGIC m/ e]oea or
delefe certam™ /imes oOr / the ima alre/
or Shrink (1T by a sed/e Gcror  wWhich )/ r‘a e bo?‘wecn
Pt and BO  jn S une aa/ s},‘/% Cﬁ/jé-
0 Sr;e, may be in e XCAar/(} [ver?‘.ca/)

‘rections  ‘sr both af once. vary mg the scale Fac or
In 7’7me/ ohe w3 Cause #t MDW"j éJecf 76 “aﬁ)roac/
or “recede’ sw ‘the Screen.

Eacl Scale Bcor Feld is (Dkfﬂseﬂl of Fwe subfields
called STze (2bifs) and ZOOM (3-bifs):

T i 4
SIZE| ZOOM

i 1.1

enfermj Va/«e.s from these two Suéfle/aé inls e
hl/&wm] formela, one may ca/mé/e the scate Ffaclor:

SF=A(2+7)Z L

wﬁere _ 4
SF /s the Scole Fac/i(or
Z s He ZOOM value
S is the SIZE value



(2bits)  (s-bits) Mo, of pels

SIZE ZooM Scale Facler in one dimension
3 i 8,8 (28
3 ¢ e . ¢ | 2¢
3 5 7.0 1112
i3 4 £S5 @4
L 3 6.7 16
2 3 5.5 g
3 ! 5.0 14
3 ﬁ 4.5 7R
2 7 4.0 6
2 6 LY ¥
2 S 3.5 5¢
i 4 225 £a
9 2 3.0 4
2 2 275 44
2 | 2.5 4¢
2 £ 2.25 36
/ 7 2P 32
! b /. 875 3
[ g L Te 28
f 4 L ERS 26
[ | 3 L5 24
[ ik L 375 L2222

, /I of o | oS ,26;{
| 3 L RS Rt O
I i 7
| % e RRE By
! T APYs e A4 |4

il 3 Ef/zEEERES BEE
4 2 SRS o1 /!
V4 | A5 /P
P g Sk25 | 9



Word Address in}

TAe /%z‘aro/a EFOOD addpesses b/vfes of
MEm BT T/\af 1S, /T asSumes canef« Ave b 7‘65
a/ye words

a) ffer m aa//,«e5_; 17 one and ThaY cons ey’
differ v adares fwo, MAGCZLC , on He Olher hane,
addresses wora’5 m’- Mempr/ IF assames Ma)

CMS egul/ve WOrds d'ffer in d//res; J‘/ bhe. 7Ae

?jeammer can access fHEIC /8 er:s‘ Oh A
7/ thew as w s in membryy

b&s/s frea)(m
WA en ;f / ,}7j aoresses 1v [HEIC
(or a/a/ Hat! IMasTC  wil] use To consTracl sazresses),
+he /ﬁjl‘ammer musl be Sure 4o affpw for /7A62¢C%
0

melh £ wérd a/dressmj
The fie/a/s a'FfeJea/ 17 7‘425 whi%r&iﬁ'oh aré.
') %/ ftern Fo/»?lerS (Mﬂ MV/'n7 n.{}'écfanﬁ/éaaéjroum/)

2) {)5/ f?%f‘h base M/reSSes (l\ i " )
3) Eé‘ckj’fﬂwna/ Addpess
4) /449/@ Table Address

When  Swpplyin aé?fa for ﬂese Freltts He ‘

; ,orﬂ rammer JL A]/ -F:rsf S rF)" the a/afa Yy }7‘
bt fusn‘ma mﬂm e Fie beﬁore wm‘m} s

m?lo the | IACZC reqisler or en er/n7 2 u g

Bac 7rma/ Table en ry.



Screen S’p/i_'[_._s_

Screen sr/,fs are for The urpos e oT divid)n
Aloha ana’/sr Graps/c a’:,sf?/a s beldeen Two screens 52
Hit each  sereen’  wmay onfdin  information wl Bvailable
on e older. Tie ﬁr‘a rommer conlrels Hhis fealure
Throu 31\ the Fields L&fer  /»n KBS 7 /VM‘M"*///,

‘Hw.s en ,re (sTer woul erteqd pa/ and e
prinary o Beonclary sereens’ unnld hive identteal
ff/ : TAe ﬁ»/mw»; exam,?/es Nustrale The exlons

e ,{a and [a (s /2 Ok bo A4 &'f‘fe}?.f

A/Aen [ous  COm a}‘,ms mc £'elele i reqisler 77

are S&f 7‘0 hoh- £ro n A and an arraﬂ re re_sen

ﬂee of Affha &/sp/. and a “G' and an arrow
7’7{{ exlenl f?ér e

eA )uc- a// /2 7A
ms /,7‘ flng /s sm"p[ﬁf 2 Sf /a// # 5

07‘4: :se g a// wunlisted m]/sﬁ’r /8 f/e/éé dre  assumés/
7‘0 @}JLAM }ero
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split
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6SEN=]

A C A G
,______i __Sfll'f‘l_-i___d
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Marcn <4, 1lovd

Best Image W/Hi Res Cards Mode.
16 Moving Gbjects On One Line
Hardware Capability
1 Moving Object Any Color Move Against Rainbow Of Background.
theck Antialiasing Of Moving Gbject.
Hi Res Cards Mode - Move (bjects {(lines) Relative To Card Locations.

a:peﬁnpcsenl;hammofaadcgram'&mmdcgrmxdmth -
Moving Objects That Are Moving. ‘

Demonstrate Moving Cbject Zoam.
Demconstrate Animation (With Antialiasing).
3 Dimensional Cbjects - Rotatims.

3 Dimensiaonalty W/Shading, Etc.
Interactions

Split Screen

Barders

Scrolling In Larger Field.

Square Pixel - Rotation Of (bject.

Normal Cards Mode.

/

Bit Map Mode.

7 ADDED BY DAVE CHANDLER:
“Bplit Screen
A la Auto Race
Alpha, Graphics

Separate TV'S

DC/bb



wd“ £0 I3 4t D&




Display a background scene in high resolution cards mode

that uses a large number of colars.

This should give us same feel for the picture quality that we

can expect to see in the new unit. *rr :
or keyJbozra

Have a moving abject under user control {(graphics tablet or=wmsd-

conbsallex) and move the abject over the background that was

created above.

This will shwhmwellmuahasmgwodcsmﬂ\nmngobjects
and different colors.

Animate the moving adbject above. Test antialiasing again.

Draw several slanted parallel lines across ﬂ‘nebadcgzumd so
that they are not an integer number of card widths apart. See if

_thezeareanynotlcab]eb\ﬂg&smthehmcausedbythecolor

limitations in high resolution cards mode.

Add external video to the system. This is just to show if we
have mechanized this properly.

Place 16 moving cbjects an ane harizaontal scan line. This is to
make sure that Magic has the time to handle all of the moving
cbjects.

Try to reuse each moving abject several times. This should show
our maximum apparent moving cbjects and should give us a feel
for how many we really need. This will also test the programmable
Reuse the moving dbjects while changing the color base for the
moving cbjects. This increases the amount of work to be done
by the processor. ‘Once again, we can find out shat our limits
are.

Perfarm a two-dimensiaonal rotation an a moving cbject. This will
.damifsquarephehwilldoshqt«uehcpeﬁeymﬁorus.

&pﬁydmgeﬂebﬂmﬂﬂm@amdmmlmm
“This should give us a feel for the band width of the RAM.

Try to draw same good locking three dimensional abjects. See if
shading gives us the effect that we want.

ZOmamangda)ectinﬁ)eX.dedixectim,ﬁxeXduectimmly,mdme
Y direction only. BSee if it locks good encugh.

Use the split screen option to display half alpha and half graphics.
Send different displays to separate t.v's.



15. In addition to the above tests, we need to be sure that software
is develcoped to facilitate hardware debug. Every feature must be
tested. A few of these features are listed below:

Nommal Cards Mode

Total Color

Interaction (If Done In Hardware)
Scroll (Both Full And Half Screens

ADDITIONS:




T

From: Mi ke Spak Date: June 15, 1982
Mail Drop: M2880

Phone: 6624

Subject: Mattel Custom (MAGIC)

To: B.Wieder
Die Size Estimate

cc? &.Daniels
S.Groves !
T.6unter
D.McAlister
H.Scales
G.Schriber
G.Walker

The initial die size estimate for Mattel’s custom design,
which is referred to as MAGIC (Mattel Advanced Graphics
Interface Circuit), has been completed. The information for
the estimate has been accumulated over approximately three
days of engineering meetings with Mattel and from incomplete
schematics of the emulator which Mattel 1is currently
designing. This estimate is 87,600 square mils, which is
equivalent to a 204 x 296 mil die. It corresponds to a
rough transistor count of 54,000 devices. The size is
referenced to an "as drawn" dimension according to HMOS

Jayout rules with a sinimsum Thannel, length ©of 3.5 microns.
“Fhis estimate is wmade with the understanding that not all

information (in the fore of schematics oOr detailed block

diagrams) ‘has been received #rom Mattel and, therefore,

could increase if any additional $unctionality is deemed
necessary. However, the pstimate is submitted with the

“‘thought that it mccounts #For all #$unctionality. The
“window” Feature is not included in this estimate since it

-§s not clear what exact implementation is desired.

: 2 _;"ﬂ-_?:&i’ﬁciint _dinforsstion -does exist to wmake an accurate

estimate despite the the fact that detailed design is still
ongoing. This estimate reflects the particular
architectural design which Mattel has explained. Little
deviation has been made $rom their functional description
except where thought was given to ease M0OS layout or
implementation peculiar to MOS technology. For any "black
box” <unction (ie., where PROM’s are used to minimize



package count in the emulator) time was taken to derive &
first pass logical MOS implementation to make @& more
accurate transistor count. This engineering estimate has
been derived prior to actually doing any detailed MOS logic
design. Estimates are normally refined on two occasl oOne
prior to actually beginning extensive layout design.
Refinements occur when the logic diagram is complete after
various timing problems are more thoroughly considered and
then by layout designers in the process of doing detailed
chip planning Just prior to actually starting transistor

layout.

The methodology used in the estimate was to accumulate
active die area based on actual transistor count. This has
been done in this case since no previous layout exists +From
a prior chip development. The transistor count for each
particular function is then multiplied by a density factor
to reflect how compact the <unction can be layed out in
HMOS. This cumulative active area is then added to a
routing overhead which is determined by multiplying @
portion of the active area by a cert.iﬁ factor. Large areas
such as a general purpose RAM or a large shift register
structure have been assumed to not contribute to the routing
overhead since they are & fairly closed structure and the
functional circuitry around the large structure is well
defined and contributes its own routing overhead. Attached
you will +ind a listing of various functions and the
compiled transistor count and active area that is believed
associated with that §unction. More detail can be provided
as needed. To this cumulative figure is then added the area
requirements for the 1/0 buffers corresponding to the
particular pin configuration and for internal power bussing
which is typically associated with this size of chip.

The problem with trying to make a realistic estimate with
this type of architecture, where there are roughly 130
addressable registers by the CPU which contain control and
data information #or distribution throughout the die, is
#hat excessive routing can blow out the chip size. That is
why a good layout plan for this chip is considered critical
in order to wminimize routing., The routing factor and
density #actors used in this estimate are ones typically

#ound in good layouts.

1 welcome and encourage the opportunity to meet with Mattel
to go over the estimate in detail #or the purpose of making
‘sure there are not any errors and that all circuitry is
_accounted for in the estimate.

Bincerely,
Mike Spak



P2

&% Area does not contribute to routing overhead.

Die Area & Transistor Count vs. Function

1. Video Generator

..
b.
c.
d.
e.

YADJ ckt. w/ PLA

Digital color filter + delay
Rlue/red adder w/excess B8 adj.
DAC input logic & mux

Color palette ram + decoders
sense amps

SUBTOTAL

2. Address Generation + Interrupt

a.
—=be.
c.
d.
e.
f.

Line interrupt + IPLZ logic
AU, output latch, temp reg
Table ptr, base, excess reg
Decoders, drivers, misc logic
Bus precharge + control

M.0. barrel shift + control

SUBTOTAL

3. CPU Interface + DRAM Control

a.
"b.
c.
dl

DTACK wait reg + related
&B000 interface + addr PLA
Llock generation

RAS/CAS + refresh ctr e

SUEBTOTAL

'#. Morizontal/7Vertical Timing ?

B

. be
d.
i BRa

P v .

’{?"_ Lo

‘Wert ctr + PLA detect

#Horiz ctr + PLA = random logic
Vert/horiz scroll + contr bits
Vert/horiz split + contr bits
. Border control bits <+ logic -

.- . --BUBTOTAL

$. Background Senerator

&.
b.
c.
d.
€.

Buf shift register 41280 bits)
Shift mux + 1/0 contr

FIFD + output mux logic

Data bus reg + decode

Bond priority bits + leogic

SUBTOTAL

é. Alpha Generator

/90
700
525
117
1400
192

3?30

179
830
1728
S30
1460
108

3540

388
253
155
316

1110

590
719
G944
876
- 747

7680
411
S08
106
182

8850

3]

(mil
area

726
1232
B3
225
1103
369

4550

252
1138
1731
748
205
207

4280

4460
295
1596
481

2830

&72
575
1303
1094

- 4064

5110

4792
749
786
110
256

6690

)

kX

X



'.
b.
Ce
d.
e®.

Vert ctr + FLA detect

Horiz ctr + PLA + random logic
Vert/horiz scroll + contr bits

Vert/horiz split + contr bits
Border control bits + logic

SUBTOTAL

5. Background Generator

..
b.
Ce.
d.
e.

Bu+f

shift register (1280 bits)

Shift mux + 1/0 contr
FIFD + output mux logic
Data bus reg + decode
Bgnd priority bits + logic

SUBTOTAL

&. Alpha Generator

a.
b.
c.
d.
e.

Char rom + decode/sense amps
Char rom in addr + shift bits

Bu¥

shift register (640 bitws)

Shift mux + 1/0 contr
Readback bits + encoder

7. Moving

b.

One
(1)
L2)
(3)
(4)

Data Encoder

SUBTOTAL

Ob ject Generator

moving object in array
shift register (B8O bits)
Reg bits + decode/compare
Clock/priority/out logic
Routing overhead = » 2% 310

SUBTOTAL (per object)
SUBTOTAL (16 objects)

€. Y zoOm/@irrgr AU + logic
Interaction matrix

d.

SUBTOTAL

8. 1/0 Pin Buffers

Estimate with B8 mils internal power bussing =

TOTAL ACTIVE AREA
"ROUTINS (.3 x 22370)
TOTAL 170 + PADS

FINAL TOTAL

S90
719
944
676
747

34680

7680
411
508
106
182

8890

2216
172
840
100
291

6620

560
470
240

1270
20320

260
278
4222

25080

1470

52350

1470

53820

/L
9735
1303
1094
1064

5110

4792
749
786
110
256

1557
255
2396
192
450

4850

408
S12
310

60

1290
20640

S40
415
2945

24540

23502

52850
&710
23502

83060

296 x 296

b 3

L 2

(288x288)
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HIGH RESOLUTION CARDS MODE 10/30/81
Note:s References to this problem are oOn pages in my

notebooks dated page before 10/30/81, 11/717/81, 12/2/81 and
several pages 12/17/81.

The NTSC composite color video signal takes advantage of the
eyes limited (compared to luminance) ability to resolve

color. To this end the chroma components are limited toO
aproximately 0.5 MHz while the juminance uses about 3 MHz .
These are pandwidths that are currently realized in

practice; the standards allow slightly greater pandwidths.
¢ 1 might make an analogys the results are very much like
using & §ine brush to paint a detailed picture in shades of
gray and then using a much broader brush to add the color.
Oon a TV again, even though the color information is lacking
detail, the picture 1ooks sharp and clear pecause the uses
the luminance to decide edges and detail. when the color
spills over the edges and smears the eye ignores it,
thinking that it is correcting its own problems and not
those of the TV.

what has all this to do with TV games? As we improve the
resolution of the TV games, the pixel size gets smaller than
the chrominance pandwidth can pass. Thus, if each of the
pixels is a different color much of the information that is
stored and sent to the TV is lost in the process of being
converted into and out of the NTSC signal. I1f we can make a
data structure that stores the color jnformation in less
detail and the luminance information in greater detail, we
can optimize the data storage requirnments and better match
the information carrying ability of the NTSC (and paL and
SECAM) signals. All of this’adds up to petter pictures at

jess cost.

The basic plan js to group the pixels and give a color to
each group- To put the detail in, the luminance 1evel of
each pixel will be sp.cified to add shadows and highlights,
perform antialiasing and define the edges f§or the eye.
gince we are going to arbitrarily group the pixels, there
are going to be cases where more than one color is prcsnnt
in a group- in this case the color assigned to the group
will be that of the majority (except in a £ @ special cases,
primarily involving narrow lines against a different color
packground) . How does the eye know that the few pixels are
of a different color? Very likely, there will be other
pixels of the same color next to, above or below them. The
plan is to make their luminance lcvols-natch that of their
$riends and the eye will do the rest. The number of pixels
qroupcd together should bear some relationship to the color
resolutiony certainly, jt would be wasteful to use more than



iz

CONF IDENTIAL

twice the resolution and using less than the color
resolution will degrade the picture. The exact ratio will
likely be determined some other system requirements.

= specific implementation of this method is the High
Resolution Cards Mode proposed for MAGIC (Mattel Advanced
Braphic Interface Circuit). For MAGIC the normal resolution
cards mode will consist of 24 rows each 40 cards long. Each
card will contain 8 lines of & pixels each. Each card will
be capable of displaying 1 of 4 colors at any pixel
locationy these colors will be 4 out of 16 stored in the
color palette RAM map. Since we will be using a 16 bit wide
data bus to the RAM, it will be easiest to get 16 bits for
each line of each card. Each line of a card is & pixels
wide; the 16 bits are taken two at a time to select 1 of the
4 colors from the card color map. For 6 pixels this only
requires 12 bits leaving 4 bits unused.

In High Resolution Cards Mode, we §ind a use for those extra
4 bits. By grouping the pixels into two groups of three,
the color for both groups can be set using the extra 4 bits.
This grouping results in a chrominance sample rate
approximately four times the NTSC chrominance bandwidth.
The remaining 12 bits in the 16 bit word are used, at two
bits per pixel, to modify the luminance level. In MAGIC the
putput DAC has four bits of input and hence 16 levels

output. Eleven of these are used for gray scale. The two
bits assigned for luminance ad justment define four
ad justment levels. One of these is no change from the

luminance specified in the color palette RAM map. The
remaining codes functions depend on the luminance level
specified in the color palette (4 through 14 are the codes
for the 11 gray scale levels): :

'S 19 W
Level o0 Ad justment Available (gray scale levels)
4 to b ¢ +2, +4, *b
7 oW 0 =2, *+2, *+4
10 tQ 12 C -4. —2, +2
13 and 14, -6, -4, -2

In this specific case the technique uses the same amount of
data more efficiently, allowing better pictures; in other
cases the amount of data for the same picture quality could
be reduced. While in this case a relatively complex method
is used to adjust the luminance level, other methods
including, but not limited to, fixed adjustments up and down
and absolute luminance specification could be used.

A software/hardware simulation of the High Resolution Cards
Mode as described above has been completed with excellent
results.
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