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INTRODUCTION

DISCRIPTION ) h =

The TMS 2818A Video Dispiay Processor {VDP) is an Nechannel MOS LS] device used in viges sysiems where dzia

ts2lgy on a rasier-scanned home color television sel or colior menitar is cesired, The TMS 227124 gererztes zll

0

necessEry viceo, contiol, and synchronization signais and z2lso cantrols the storzge, retrievel, end refresh of dignlay

ceiz in the dynsmic screen refresh memory. The int

erfaces 10 the microprocessor, refresh memery, znc the TV
require 3 minimum of additional eiectronics. ' ;

The VOP has four video display modes: Graphics |, Graphics I, Multicolor 2nd Text mode. The Text mocge provices
twenty-four 40-character rows in two colors and is intended to maximize the capacity of the TV screenm 1o display
alphanumeric characiers. The Multicolor mode provides an unrestricted 64 X 43 color-dot dispiay utifizing 15 colors
plus transparent. The Graphies | mode provides a 256 X 192 pixei display for gemeraling patiern graphics in 13 colors
Plus transparemt. The Graphics || mode is an enhancement of Grzphics | modge, providing the czpability 1o generate
more complex ¢olor and pattern displays.

The video display consists of 35 pianes, external videg, backdrop, patmiern plane, and 22 Sprite Planec. The plznes are

‘vertically stacked with the extarnai vides being the bottem or innermost plane. The backcrop plane is the next plane

foliowed by the patiern plane that contains Graphics | and Graphiss {1 patterns with the 32 Sprite Planesas the 1op
planes. (A sprite is an object-oriented animation pattern that can be moved smoothly across the screen.)

The TMS 8218A VDP utilizas either 3 4K, 8K, or 18K-type low-cost dynamic memory (TMS 4027, TMS 4108,
TMS 4118) for storage of the display parameters,

FEATURES

. Singlechip interface 10 color TV's (excluding RAM 2nd RF modulator).

. 2568 X 182 resolution on TV sgreen - 7 ‘
. 15 unique colors plus transparent )
. Generzl 8-bit bidireetional interface to CPU

. Direct wiring 10 4K, 8K, aor 16K dynamic RAM memories

. Automatic and transparent refresh of dynamic RAMs ’ /

. Extermal video inputncapabiiiw

] MNTSC - standar compesite Viaeo Sutput

. Unigue planar representation for 30 sirmnulation

. Standard 4C-pin package -

TYPICAL APPLICATIONS

L Color computar terminais

L Home computers

. Drafting/desian aids

. Teaching aids

L industrial process monitoring
. Home educational systems

. Animation 3ids

The {cliowing example of a typical application may help introduce tha user 1o the TMS 9918A VDP, Figure 1.1 is

Slock diagrarn of 2 vypical application. Each of the concepts presented helow is described more fully in later sections
of this manual, '
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2.1

The VOP basically hae three interfaces: CPU, ecicr tzizvision, end cynamic refresh RAM (VRAM) the cortents of
venien gefine the TV image. The TMS 8318A VOP slsc has eight write-only registers and a rezd-oniy siatus re

1578r,

”

The VOP zommuniczies with the CPU via an 8-bit 5'<iractiansl datz bue, Three cenirol lines, decoced fram the CFU

zccress zng enatle lines, determine interpretaticon of the Hus, Thr

o cugh the bus, the CPU can write 1o VRAM, rzad
from VEAM, write 10 VOP ragisters, and reac the VOF stzius, The VIP ziso cenersias an imterrunt signal giyer every

refreen of the TV display, whizh may be usedui o 102 CPU,

I

FAMs 1o the TMS 2218 VDP. The arnount of BAN ¢

Il

The Zynzmic RAM interface consists of direct wirinz of eight 4K X 1, 8K X 1, ar 16K X 1 dynamic BAS/CAS-type
e

SWited s cepenceni upon the features selectec for use in the
aoplication.

The interface to the TV can eonsist of wiring the VZP’s compesite video output pin {(suitably nufered) to the input

of a color or black-and-white moniter, or an aporcarizte RE modulater may be used 1o fead the signal intg a TV
antennz terminal.

The VOF can operatz in any one of four modes, 2ach of which can sHect the way the VRAM is mapped onto the
teievision screes, |n Graphics | and || modes, charzcters are mzpped onto the scresn in 8 X 8 pixe! blocks, yielding
24 lines of 32 blocks {or “patiern positions’) each. In Text mede, there are 24 lines of 40 blocks, each of which is
8 X 8 pixseis, In Multicolor mode, there are 42 lines of 64 blocks, ezeh of which s composed of 4 X 4 pixals, ail of
one selid coler. In acdition to these, objects termed “sprites’’ can be superimposed onto the television image.

Furthermaore, signals entering the VOP through the exiernal video input can be used as 2 background to VDP-
generated images.

CEFINITIONS

The following definitions will be useful in understanging the use of the TMS 2818 VOP:

pixel — the smallest point on the TV scresn that can be indecendently controiled
NTSC — National Television Standards Commirzee which specifies the tetevision signal stancdard for
the USA .
VRAM — Video RAM; refers to the dynamic RAMs 1hat connect 1o the VOP and whase contents define
the TV image
B —
sprite —- An object whose pattern is relative to 2 specified X, Y coordinzte and whose position can thers-

fore be sontrolled by that coordinaze with a positional resolution of cne pixel
ARCHITECTURE

The TMS 2518A Video Dispiay Processor (VDP) is gesigned ta provide 2 simpie interface betwesn 2 microprogessor
and a raster-scanned color television. Shown in Figure 2.1 is 2 block diagram of the major portions of the VDP
architecture. Deserived below are details of the various interiaces 1o the VEP, CPU, VRAM, and coior television,

CPU INTERFACE

The VOF interfaces 1o the CPU using am B-bit bidirestional data bus, three control lines, and an interrupt 2s showa in
Figure 2.2, Through this interface the CPU can conduct four operations; write data bytes to VRAM, read data bytes
fram VRAM, write to orme of the sight VDP writz-anly registers, and read the VDOP Status Register. Each of thess
operstions requires one or more data transfers to take place over the CPU/VDP dzta bus interface. The intarpretation
of the data transfer is determined by the three tontrol lines of the VOP, It shouid be noted that the CPYU can com-
municate with the VDP simultaneously and asynchronously with the VOP’'s TV screen refresh operations. The VDP
performs memory management and allows pericdic intarvals of CPU access ta VRAM even in the middle of 2 raster

‘scan.,



CPUIrteriace Control Signals

The vyoe znd direction of cata transters are csrtro:ﬁe: 2y the CSW, CSA, anc MO

CZ inputs. CSW is the CPU-to-VDP
che VIR CSR s =he CPU-irom-VDP reac

in

2 seiezt. When iz is zetive (low), the § Bits on DC-D7 are strobed ‘nto
Vimem (v e zotive (1ow}, the VIP outputs 8 ni=s on SC-C7 1o tne CPU. C5W anc TSP snould never be simul-
CEMECULY iow. i Bathoare fow, the VP cutputs g2tz an 20-27 end latches in invalic cats
AT DT mztermises the sourge or gestimetion of @ orezd or write catz transfer VIO DE G5 normally tiea o3 CPU Tow

21.2 CPU Write to VDP Register

The VIF has eight write-only ragisters and one read-cniy s1atus regisier. The writz-only registers control the VP
cperzlion :nc detsrmine the way in which VRAM it zlloczted. The status reqister Contains interrupt, sprite coinci-
aence anc fifth sprite status flags. ’

Cach of the eight VDP write-only registers ¢an be loaded using two B-bit gatz transfers from the CPUL Table |
describes the required format for the two byies. The first byte transferrec is the dats byte, end the second byte
sransferred controis the destination, The most-significent Bit of the second byte must be a 17, The next four bits are

‘Q’s, and he iowest three bits make up the destinztion register number, The MODE input is high for both byte trans-
fers.

To rewrite the gata for an internal register after 3 byte of czta has been loaded, the status register must De read so
thst internal logice will sceept the next byte as data and not as 2 register destination, This situation may be encount-
ered in interrupst-driven program environments. Whenever the states of VOP write parameters is in guestion, this
procegure should be used, Note that the CPU address is cdestroyed Dy writing to the VP register,

213 CPU Write 1o VRAM

The CPU tramsiers d21z 10 the VRAM tArough the VOP using 3 14-bit 2utcincrementing address register, Two-byte
rznsiers are reacuirsg to (8t up the address register. A one-byte-transter is them required to write the dzia ¢ the
zddresses VRAM byte. The address register is then autcincremented, Sequential VRAM write require only o,ae-bytﬁ-'

ransfar since -he address !’EQIS;ET is a!re:dv SET UP. Durmc setup of the address FEQISTET, +he two most- smn[flcam bits

of the second address byte must be ‘0" and ' respectively. MOODE is high for both zdcdress wransfers and fow for the
gata transfer. CSW is used in all transfers 10 strobe the 3 hits into the VOP, See Tabie 1.

rt

rn

TABLE 1 = CPU/VDOP DATA TRANSFERS

BIT |

OPERATION . oW | 338 | mooe

0 1 2 3 4 5 5 7
i
WRITE TO VDP REGISTER
BYTE 1 DATA WRITE Og Cy- D2 D Ca Dg Dg To 0 1 1 B i
SYTE 2 REGISTER SELECT 1 0 0 0 o RSy RSy RS, 1 1
WRITE TQ VRAM -
3YTE 1 ADDRESS SET LUP Ag A7 Ag  Ag  Ag Ayl Atz Aga o 1 T )‘
2YTE 2 ACDRESS SET UP ) 1 Ag Aj Az Aj A4 Asg 0 1 1
BYTE I DATA WRITE Dy D Gz O3 Da =P Oy 0 1 o]
oy

READ FROM VDP REGISTER .
BYTE 1 DATA READ Oe Oy Do 0z Da Dy Dg o 1 o 1)
READ FROM VRAM
8YTE 1 ADDRESS SET UP Ag A7 Ag As Ayg Ay Ag3 Aqa 9 1 1 ‘}!
3¥YTE 2 ADDRESS SET UP a 0 Ag | Ay Ay Ay As  Ag 0 3 17
SYTE 3 QATA READ Cg Dy DY ) Da Ds Cg O 1 o) of
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CPU Read from VIP Status Recister

The CPU can regcthe contants of the stzous register with z sirie-bytz transfer. MOTE is high for the transfer.
15 wsed 1o signel tne VOP that a reaq operztion is reguired,

[
“n
1)

CPU Read from VRAN

The CPU rezcs cat: from the VRAM through the VIP wusing the zutoinerementing sddress register, A one-oyte

irznster is then recuired to read the catz from the zdcressed VRAM oyte, The agdress register is then sutaincre-
mented. Sequential VRAM czate reads require only z one-Dyte trznsfer since the adcress register is zlreagy set up.
During setwp of the zddress register, the two mosisignificant bits of the seeond address Syte must be 0’s. By seTring
w2 the address this way, 2 rezd cycie 1o VRAM is initizted &nd resd data will be avaiizble far the first cdatz tramsfer <o
the CPU. {see Table 1), MODE i¢ Nigh for the address byte wrznsfers and low for the csts wransfers, The VDP requires

approximately 8 microseconds 1o fetch the VERAM ovte following & catz transier and 3 microsecands following
address setup. ’

VDP Interrupt

The VDP iNT output pin is used 1o generate an interrugt at the and of each sctive-display scan, which is about every

1/80 second (color burst frequency/60, 122}, The INT output is active when the interrupt Enable bit {1E) in VPD
register 1is 3 "1’ and the F bit of the status reqister is 2 '1’. interrupts sre cieared when the sTatus register is read,

VDP initializazion

The VDP is externally initialized whenever the RESET input is active (low) and must Se held low for a minimum of
3 microseconds. The extermal reset synchronizes all clocks with Its falling ecge, sets the horizontal and vertics
counters 1o known states, and clears VDP registers 0 z2nd 1. The video displzy is automaticaily blanked since the
ZLANK bitin VDP regisier 1 becomes a ‘0’ The VDP, however, continues to refresh the VRAM gven though the
cisplay is blanked, While the RESET line is active, the VOP does not refresh VRAM. -

VOP/VRAM INTERFACE

< ld
VRAM in order 1o process the video image as described later, The VDP 2iso stores gata in or reads in dats from the
VRAM during a CPU-VRAM data transier. The VOF autcmatically refreshes the VRAM.

The VOP can aczess up to 16,384 bytes of VRAM using a 14-bit VRAM address, The VDP ferches cata from the

VRAM I[nterface Control Signals

The VOP.VRAM interfzce consists of two unidirectioral B-bit datz bSuses and three control lines 25 shown in
Figure 2-3. The VRAM outputs datz tc the VOP on the VRAM read ¢ata bus {RDO-RD7). The VOP outputs both
1he addrass and data to the VR AM aver the VREAM sddress/data bus {ADD-AD7). The VRAM row acdress is output
when RAS is active {low}]. The eolumrt address is output whan CAS

is active (low). Data is cutput to the VRAM
when R/W is active (low),

. VRAM Memary Types

The VDP can utilize 4027-type 4K, 4108-typa BK, or 4118-type 8K dyrmamic RAMs, The 4/16K bit in VDP
register 1is a ‘0* for 4027 type RAMs and 3 "1” for 4108- and 4116-type RAMs. Note that there is a minor difference
between the way 4027% and 4108%/4116% are wired 10 the VDP, In the 4027, ait CE pins asre tied to ground. In
the 4108/4118 the AS lines on the 4116 and 4108 (the same pin as CZ on 4027's) are all tied o AD1 en the
TMS 2818A, A jumper can be used to selecs the VRAM-type,
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241

2.4.2

VOP/TV INTERFACE
The composite video ouiput signal comihg from’irz VP drives zm NTSC caler moniter. This signel incorperates zli
necessary horizontal and vertical synchronization fugnals as well 2t tuminance and chrominance intermasion. .
menitor apgiications, the reguirermenss of the maniar should be studied 1o determine if the VDP can Be conr .

=38

direetly to it. The internai output bufer device or he tomposite video oin s 2 source-foliower MOS trznsistor thzt
requires an external pull-down reiestor 1o V&S s shawn in Figure 2-4. Typically 2 kKilohm resisior is recommengead
10 provice 3 1.8-voit synchronization level,

In some cases, it may be necessary to provide z simpie interface circuit 1o mateh the VOP owiput voltages with the
monitor specifications. To drive 3 standard tslevisicn thzi is not cutfitied with 3 composite video input, the sional
can be run into the television antenna terminals 2y using an zppropriste RF modulator on the VDB output. Care
should be taken to ensure proper matchup berweszn VOP, RF modulzter, and TV.

Veo
28184 - VOP
I COPCSITE VIDED QOUTPUT
—B o
% RexT (TYP. 1k0) ;
FIGURE 2«4 ~ COMPOSITE VIDI0 PULL-DOWN CIRCULT A .

WRITE-OCNLY REGISTERS

The eignt VOP write-only registars are shown in Figure 2-5. They are lcaded Dy the CPU as described in Section 2.1.2.
Registers 0 and 1 contain flags 1o enable or diszbis various VOP features and modes Registers 2 through 6§ consain

values that specify starting locations of various sub-blocks of VRAM. The definitions of these sub-blocks are
described in Section 2.7, Register 7.js used to delinz bzckdrop and text eolors.

The following is a description of each register:

Register 0

Register 0 contains two VDP option controi bits. All cther bits are reserved for future use and must be ‘0%,
8IT & M3 {mode bit 3} See Section 2.4.2 for wzble znd description.
BIT 7?7 External Video enable/disabie
1" enabies external video in.r.aut
‘0’ disables external video input
Registar 1
Register 1 contains 8 VOP cption control bits.
BITQ 4/16K selection

‘0 selects 4027 RAM operation
1" selects 4108/4116 RAM cparition




2.4.3

24.4

2.4.5

2.4.6

2.4.7

BLANK enznle/disable

w
-
-

Q7 czuses the zctive dispizy srez to blank
i 1" enabies the active dispiay -

=
=

lzrking czuses the display 10 show »order cclor anly

i0
=

p) 'E {ingerrupt Srzbie)

2 giszbie VDP interrupt
y

"\ “enzble VOP interrupt

BIT 3,4 M1, M2 (mode bits 1 and 2)
M1, M2 and M3 determine the operzting mode of the VOP:

M1 M2 M3 :
¢ 0 0 Graphics | mode
o] s} 1 Graphics |1 meoge
¢ 1 0 Muiticolor mods
1 o} 0 Text mode
BITS Reserved
‘BIT 6 Size (sprite size seiect)

‘0" selects Size O sprites (8 X 8 bit)
1" selects Size 1 sprites (15 X 16 bits)

81T 7 MAG (Magnification option for sprites)

‘9 selects MAGO sprites {1 X}
"1 szlects MAGH sprites {2X]

Register 2 -

Register 2 defines the base address of the Name Table sub-block. The range cn it contents is from O to 13. The cor
ients of the register form the upper 4 bits ¢f the 14-bit Name Tabile addresses; thus the Name Tabie base agdress .
equal 1o {reaister 2} * 400 (hex).

Register 3

Register 3 defines the base address of the Color Tzble sub-tlock. The range on its contents is from O to 253. The cor

tents of the register form the upper 8 bits of the 14-bit Color Table sddresses; thus the Color Tabie base address ¢
eqgual 1o (register 3) * 40 (hex).

Register 4

Register 4 defines the base address of the Parrern, Text or Multicolor Generator sub-biock. The range of its conten:

is O through 7. The contents of the register form the upper 3 bits of the 4.bit Generatar addresses; thus the Generate
base address is equal to (register 4} * 800 {hex).

Register 5

Register 5 defines the base address of the Sprite Attribute Table sub-biock. The range of its contents is from
through 127. The contents of the register form the upper 7 bits of the 14-bit Sprite Attributé Tabie addresses: thu
the base address is equal to (register 5] * 80 (hex).

Register §

Register B defines the base address of the Sprite Pattern Generztor sub-block. The range of its contents is Q throug
7. The conents of the reqgister form the upzer 3 bits of the 14. bit Sprite Pattern Generator addresses; thus t+
Sprite Pattern Generatar base address is equal to (register ) * 800 (hex).

IR
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2.5.2

2.6

2.6.1

2.6.2

Register 7

oy

xt mode. The lower 4 bits contain the color
Tanle 3 for cotor codes.

Tha uoser 4 bits o regisiar 7 contain the color code of color 3 M ine T
cace for coior O in the Text mode and the backerop ¢oier in &

4]
rn
[\
5
r
L3
L1

REGISTER

S

“Tre VOP has a single 8-bit status register That can e accesses Dy the CPU. The stztus register sontains ne interrupt
£
b

izg, the sprite coincicence flag, the sifth sorite flag, ang e fifin sprite number, i one exisw, The format o_f
the siatus register is shown in Pigure 2.5. A discussion of the contents follows.

The status register may be rzad 2t any Lime 1o test the 7, C, and 38 stztus bits. Reading the status register will clear
+he interrupt flag, F. Asynchronous reads will, however, cause the frame flag (F) bit 1o De reset and.therefore missed.
Consecuently, the status regisier shouid De read only when the VOP interruptis panding.

Interrupt Flag {F)

The F siatus flag in the status register is set 10 "1’ at the end of the rasier scan of <he last line of the active display. it
is reset 1o @ ‘0° after the sTatus register is read or when the VOP is externaily reset, If the Interrupt Enabie bitin vDp
register 1 is active [*1°), the VOP interrupt output (INT) wili be active {low) whenever the F status flagis a "'

Coineidence Flag (C}

The C status flag in the status register is sexto a 't if Two or rmore sprites ‘‘coincice’”. Coincidence cecurs it any twe
sprites on the screen have one or mare overiapping pixels. Transoarent colored sorites, as well as those that are par-
tislty or completely off the screen, are also considered. Sprites bevond the Sprite Attribute Table terminztor (D045)
sre not considered, The ‘C’ flag is cleared 1o a "0’ sfter the status register is read or the VOP is externally reset.

Fifth Sprite Flag {35) and Numbes ¥

The 5 status flag in the status register is se1 10 2 ‘1 whenever there are five or more sprites on a horizonzal line
(lines 0 to 182) 2nd the frame flag is equal 1o 2 'C". The SS status flag is cleared 1o & ‘O° after the status register ic
cead ar the VOP is externatly reset. The number of the fifsh sprite is placed into the lower S bits of the status

register when the 5S flag is set and is valid whenever the 35 flag is ‘1°. The setting of the fifth sprite fiag will not
cause an INTEFTURL

OSCILLATOR AND CLOCK GENERATION

The VP is designed 10 operate with 2 10.738635 megshertz =30 ppm crystal input 10 generate the required internal
clack signzls. A fundamental frequency, parallel-mode crystal is used as the frequency reference for the internal
clock ascillator, which is the master tighe base for all systern operations. This master clock is divided by twe 19

generate the pixel clock (5.3 megzhertz} and by three 10 crovide the CPUCLK (3.58 megahertz]. The GROMCLK is
gevalcped from the master ciock frequency divided by 24.

Calor Phase Generation

The 10.7+ megahertz master clock and its complement are used o generate an internal six-phase 3.579545 mega-
hertz (210 hertz) clock 10 provide the video coicr signais and the coior burst reference for use in developing the
composite video output signal. While the VDP signals are not exzct equivelents to the stzndard NTSC eolors, the

.ditferences can ezsily be adjusted with the color and rint controls of the target color television,

Videa Syne and Control Generation

The vertical and horizontal control sigrmals are generated by decoding the cutputs of the horizental znd vertical
epunters. The horizontal counter is driven by the pixel clock, and the horizenial counter in turn increments the
yartical counter. Table 2 gives the relative count vafues of the screen dispiay parameters, Within the zctive display
arez during Graphics | mode, the 3 least-significant bits of ihe harizontal counter agdress the individual pictu--
element af esch partern displayed. Also, during the vertical sciive display period, the 3 least=significant bits of 1.

vertical epunter address 2ach individual line in the 8 X 8 pamerns. The Graphics ', Multicolor and Text modes use-
the counters sirnilarly,
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The VTP operates 2t 232 lines per frame and approximetely 20 ‘rzmes per tecond in 2 nen-interlaced mods of
aperzuon,
TAELE 2 — SCREEN CISPLAY PARAMETERS

' PARAMETER | PIXEL CLOCK CYCLES |
! |
} I PATTEIAN OR e |
! RAORIZONTAL | MULTIEOLCR |
|
“ORIZONTAL ACTIVE DISPLAY | 283 240
RIGHT BORDER 15 25 -
h ARIGHT SLANKING 8 g
HORIZONTAL SYNG 28 2%
LEFT BLANKING . 2 2
COLOR BURST 14 14
LEFT BLANKING 8 g
LEFT SCRDER 13 19
342 342 )
VERTICAL LINE J
( VEATICAL ACTIVE DISPLAY 182
SCTTOM SCRDER 24
BOTTOM BLANKING : 3
VEATICAL SYNC 3
TOP BLANKING . 13
TOP BORDER 27
252
VIDEQ DISPLAY MODES ) »

The VOF displays an image on the screen that can best be snvisioned 25 z set of display planes sandwiched together,
Figure 2-62 shows the definition of each of the plames. Objects on planes closest to the viewer have higher priority.
In cazses where Two entities on two different planes are occcupying the same spot on <he screen, the entity an the
Higher ariority plane will show at that point. For an entity on 2 specific slane to show through, all planes in front of
that plane must be transparent st that peint, The first 37 pilanes (Figure 2-8b} each may contain 2 single sprite,
|Sprites sre pattern objects whose positions on the screen are defined by horizontal and vertical coordinates in
VRAM.) The arezs of the Sprite Planes, outside of the sprite itselt, are transparent, Since the coordinates of the sprite
are in terms of pixsis, the sprite can be pasitioned and maved about very accurately, Sprites are available in three
sizes: 8 X B pixels, 16 X 16 pixels, and 32 X 32 pixeis. Zehing the Sprite Plane is the Patrern Plane. The Pattern
Plane s used for texiual and graphics images generated by the Text, Graphics |, Graphics U, or Muiticolor modes.
Behind the Pattern Plane is the backdrop, which is larger in area than ke ather planes so that it forms a border
around the other planes, The last and iowest priority plane is the External Video Plane, lts image is defined by the
ex<ernal video input pin. The backdrop consists of a single calor used ‘or the display borders and as the default color
¢8r the sctive display area. The default color is stored in the VP register 7. When the backdrop ¢olor register cone
ains the transparent code, the backdrop automaticaily defaults to black if the axternal video mode is not salected.

The 32 Sprite Planes are used for the 32 sprites in the Multicolor and Grzphics modes, They are not used in the Text
mode and are automatically transparent. Each of the sprites can cover an 8 ¥ 8, 16 X 186, or 32 X 32 pixel area en
its plane. Any part of the pizne not covered by the sprite is transparent, All or part of each sprite may aiso be trans-
parent, Sprite Q is on the outside or highest plane, and sprite 31 is on the pisne immediately adjacent 1o Patiern
Plane. Whenever a pixel in a Sprite Plane is transparent, the color af the next plane can be seen through that piane.
1, however, the sprite pixel is non-transparent, the colars of the lower planes are automaticaily repiaced by the sprite
color. There is also a restriction on the number of sprites on a line. Oniy fauc sprites can.ba zetive on say harizoatal
iime. Agditional sprites on 2 line will be automatically made transparent far that lime. Only those sprites that are
serive an the dispiay will cause the coincidence flag to set. The VDOP siatus register provides a flag bit and the
number of the fiftnh sprite whenever this occurs. The Pattern Plane is used in the Text, Muiticolor, ind Graphics
maodes for display of the graphic patterns of characters. Whenever 3 pixel on the Pattern Plane is non-transparent, the
backdrop coior is autematically replaced by the Pattern Plane coler. When a pixel in the Pattern Plane is transparent,
the backdr'op color can be seen through the Pattern Plane.

13
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VIP CHIP
|
l BLACK
EXTERNAL
2 71 : VIDEQ INPUT
c .
H A 2. 8ACKDRCP (SOLID COLOR)

PATTERNS
(CHARACTER-ORIENTED)

|
|
!
i
!
!
BACKDRCP !

- - -0

\.___———\/—-—-._-/
SPRITES
IOBJECT-ORIENTED)”

FIGURE 2-64 — VDP DISPLAY PLANES

*

Tha VOP nazs ‘our videe color display modes that zppear on the Pattern Plane: Graphics | mode, Graphics |1 mode,
Text mode, and Multicolor mode. Graphics | and Graphics || modes cause the Partern Plane 1o be broken up into
aroups of 8 X § pixels, cailed partern pesitions. Since the full image is 256 X 182 pixels, there are 32 X 24 pattern
positions on the screen in the graphics modes. in Grzphict | mode, 256 possibie patterns may be defined for the 768
pstiern positions with two unique colors allowed tar each pattern cefinitisn. Graphics !l mode provides, through 2
unique mappirg scheme, 788 pattern definitions for the 788 pattern positions. Grzphics 11 mode aiso illows the
celection of two unigue colors for each line of a pattern definition. Thus, ali 15 colors plus transparent may be used
in & singie pattern position. In Text mode, the Pamern Plane is broken into groups of 8 X 8 pixels, called tex1 posi-
tions. There are 40 X 24 1ext positions on the screen in this mode. In Tex: mode, sprites do not 2ppear on the sgreen
znd two colors are defined for the entire screen. in Muiticolor mode, the screen is broken into a grid of 64 X 48
positions, each of which is @ 4 X 4 pixel, Within eacn position, one unigue color is allowed.

The VDP-registers define the base addresses for several sub-blocks within VRAM. These sub-biocks form tzbies which
are used 1o produce the desired imace on the TV screen. The PaTtern Name Tabie, the Pattern Generator Table and
the Sprite Gemerator Table are used 10 form the sprites. The contents of these tables must ail be provided kv the
microprocessor, Anirmatian is achieved by altering <he contents of VRAM in real time.

The VOP can display the 15 colors shown in Tzble 3, The VOP colors also provide eight gifferant gray levels for dis-
alays on monochrome televisions; the luminance values in the tabie indicate thesa fevels, 0.00 being black and 1.00

bei’ng*white. Whenever all planes are of the transparent color at a given point, the color shown at that point will be
black.
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TABLE 2. COLOR ASSIGNMENTS

- , LUMINANCE CHROMINANCE
COLORIHEX) |  COLOR eatue A VALUE]
|

o TRANSPARENT 2.02 -
1 BLACK 0.00 -
2 MEDIUM GREEN 80 50
3 UGHT GREEN ) £3
2 DARK BLUE &7 73
5 LIGHT BLUE 57 80
5 | DARKRED 53 53
7 CYAN TUECLSE .80 72
g MEDIUM RED' 57 73 .
3 UGHT RED 80 73

A | DARK YELLOW 87 &3
g LIGHT YELLOW © 100 40

c DARK GREEN 47 80

D MAGENTA fgt,,..,,{.; .80 47
E GRAY ‘ -
F WHITE 1.00 —

- SLACK LEVEL c.00 -

- COLOR BURST 0.00 &0

— SYNC LEVEL - . ~0.40 -

2.7.% Graghics | Mode

The VDP is in Graphics | mode when M1, M2, and M3 bits in VOP registers 1 and O are zere. In Graphics | mede the
Pattern Plane is divided into a grid of 22 coiumns by 24 rows of pattern pbsitions {see Figure 2-7). Each of the
pattern positions coniains § X 8 pixeis. The tables in VRAM used 1o generate the Pattern Plane are the Pattern
Color Table. Figure 2-8 illustrates the mapping of these tables into the Pattern Plame, A total of 2848 VRAM bytes
are required for the Pattern Name, Color and Generator tables. Less memory is required if all 258 pessibie pattern

definitions are net required. The tables can be overizpped 1o reduce the ampunt of VRAM needed for pattern
generation. Examples of VRAM memery allocation ar:g provided in Section 3.
S0

-.\\
ROW 0 0 1 R 30 2 ‘
- L ] L ]
} _
ROW 1 22 13- s2 &3 f Y5
! /
. . ;
. : 7%
L ACTIVE DISPLAY AREA . : 95 e
> | e
. bt :
l“ P
ROW 22 704 708 134 735 ‘\
1
. o |
ROW 23 736 737 e o+ 758 767

FIGURE 2-7 — PATTERN GRAPHICS NAME TABLE MAPPING
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=
PATTERN 2044 PATTEAN PLANE  PATTERN
NAME TABLE 2047 POSITION
~ 787 -
PATTERN
GENERATOR TABLE
QF
1
Y
— Y - 4] ‘

COLORICOLORg 57

3ty

PATTERN
CULCR TABLE

FIGURE 2-8 — PATTERN MODE MAPPING
*
The Pattern Generator Table containg a library of patierms thzt can be dispiayed in the pattern positions. It is 2048
Syies long, and is arrangsd into 258 patierns, each of which is eight bytes long, vielding B X 8 bits. All of the 1% in
ne zignt-Byte patitern can designate cne color (colar 1), while ail the 'G's can designate another color (coier Q).

The full 8-bit pattern name is used 1o select one of the 255 pattern definitions in the Partarn Generztor Tabie, The
1able is 3 2048-oyte bisck in VRAM beginning on a 2 kilobyte boundary. The starting address of the tzbie is deter-
mined by the generator base address in VDP register 4. The base sddress forms the three most-significsnt bits of the
14-5it VRAM address for each Partern Generator Teblzentry. The next 8 bits indicate the 8-bit name of the seiected
Famtern definition. The lowest 3 bits of the VRAM gddress indiczte the row number within the patiern definition.

Eight bytes are required far each of the 258 possible unique § X 8 pattern definitions. The first byte cefines the first
row of the pattern, and the secand gyte defines the szcond row. The $irsy oit of azch of the eight bytes define the
first column of the pattern. The remaining rows anc columns arse similarily defined. Sach bit entry in the pariern
cefinition selects one of the two colars for thas pamiarn. A "1’ bit selects the color code (coior 1) contained in he

- most-significant four bits of the corresponding color tabie byte. A ‘0’ bit selects the other color cods (eclor 0). An
example of pattern gefinition mapping is provided in Figure 2-8.

17
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PATTERN PATTERN DEFINITION
c c Cc c ¢ c c 1 1+ 1t 1 1 0 0
1 C c 0 0 ¢ 0o 1 o090
2 c c o ¢ 0o 0 1 0 0
3 C ¢ ¢ ¢ o 01t 1 1 1 0 0
4 c g ¢ 0 ¢ 0 v 0 O
5 c ¢ 0 0 0 0 1 0.0
= c € c ¢c ¢ ¢ 11t 1 1 0 0
7 ¢ 00 0 Q@ 0 0 0
ROW/BYTE COLUMN BIT
3 1 2 3 4 5 ¢ 1 2 3 4 5 8§ 7
NQTES: VOP register 7 entry: 7145,

Coler code 7 is cyan (signified above by *C°),
Color cooe 1 i1 Dlack {signified above by a scace).
Bit O ix the most tignificant bit of sach data byre.

FIGURE 2.9 — PATTERN DISPLAY MAPPING

.

The color of tne "1's ang ‘O’s is defined by the Pattern Color Table that containg 27 antries each of which is one b
long. Ezch entry defines two colors: the most-significant 4 bits of each entry define the color aof the *1's5, and the
least-signigicant 4 Dits define the color of the ‘0's. The first entry in the color table defimes the colors for patierns

0 to 7; the next entry for patterns 8 10 15, and so on. (See Table 4 for assiegnmenzs.) Thus, 32 different pairs of
eolors may be disptayed simultaneously,

The Pamern Name Table is iocated in 2 contiguous 768-byte block in VRAM beginning on & 1 kilobyte boundary.
The starting address of the Name Tableis determined by 1re 4-bit Nzme Tablebese adcress field in VDP register 2.
The bzse address forms the upper four bits of the 14-bit VRAM address. The lower 10 bits of the VRAM adgdress
are formed from the row and column counters, An example of pattern name table addressing is given in Section 3.

Each byte entry in the Name Tabie is the name of or the pointer to 2 pattern definition in the Pamern Generator
Tabie. The upper five bits of the eight-sit name icentify the color group of the pattern. There are 22 groups of
eight patterns. The same two colors are used for ail eight patterns in a group; the color codes are stored in the VOP
Color Table. The Color Table is located in a 32-byte biock in VRAM beginning on a B4-byte boundary. The tabie
starting address is determined by the 8-bit Color Table base address in VDP registar 3. The base address furms the
upper eight bits of the 14-bit Color Table entry VRAM address. The next bitis a ‘0 and the iowest 5 bits are equal
10 the upper 5 bits of the corresponding Name Tzble entries. An example of Color Table addressing is provided in

Section 3.

Since the tables in VRAM have their base addresses defined by the VOP registers, 2 complete switch of the values in

the tables can be made by simply changing the vaiues in the VDP registers. This is espemally useful when ane wishes
10 Time-siice between two or more scraans of graphics.

When the Pzttern Generator Tzble is loaded with a pattern 581, manipulation of the Pattern Nazme Tznle contents
can change the appearance of the sereen. Alternatively, 3 dynamically chanoging set of parterns throughout the coura
of a graphics session is easily accomplished simce all tables are in VRAM,




Tor textual applications, tne desired characier ses is typiczily losded into the Pastern Generzicr first. The officizl

<SASCIH chareeter s27 might be icaded intc the Pattern Genaeratsr in such 3 way 1hzt the gcattern numbers correspond

10 e 8-bit ASCIM eodes for that patiern; e.g., the sattern for™ihe letter “A' would Se ipaced into patiern number
s

e
in the Petern Cenerztor. Next the Pettern Color Tzbie wouid b¢ lczded up with the orooer coior sat. To pring

Txiual message on 1he sereen, write the proper ASCI! codes out 1o ke Patrern Name Table.

L

sing the Pattern Plane. To displav an object of size § X & pixels or smaller, enly one pz
nesC 1o 2e cefinec, To Qisplay 2 larger figure, the figure snould Se broken up ints smalier 8 X & sguares.
Pie patizrns can be defined, and the Pamern CGenerztor znd Patterm Name Tzbile set up zpprépriztely. Note
sl rough motion of eojects requires merely upZzting entries in the Fattern Name Tzble.

TABLE 4. PATTERN COLGR TABLE

Byte Na. Pattern Na.
o} 8.7
1 8.15
2 18..23
3 4.3
4 32..2%
5 ay..47
5 &8558
7 5E..83
8 84,77 N
g 72..79 .
10 80..87
1 g8..85%
12 96..103
12 104,111
74 112..118
15 120127
18 128..135
17 136..143 ;
18 1ad 151
18 182..15¢8
20 160..167
21 168..173
22 178..183
R 184,181

24 192..19%
25 280207
26 208..215
7 218..223
28 . 224..231%

. 29 232,238
30 240,247
3 248-2585

A

~ to1al of 2848 VRAM byres are required for the Patiern, Nzme, Color ang Generator tables. Less memory is neades
if 2ll 256 possible pzitern definmitions are Aot required; the tables tan be overlapped 1o reduce the amount of VRAM
reeded for partern generation. Examples of VRAM memory zilocation are provided in Section 3.
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Graghics [ Mode

The VDP is in the Grachics || mode when mode pits M1 = 0, 142 = 0, and M3 = 1. The Graphics I mode is similar 1o
Graphics | moce except
for each of the 788 (22 X
in ezch 8 X 8

-1

ows 5 iarger library of zimiarns <o that 2 unigue patiern QeEnErztor entry may De made
petiern pesitions om the video screen. Adcitionaliv, mere coior informatian is incluced

Qus Two unicug cgicrs mey be szecifisd for szch Syte of the 8 X 2 semern
VRAM {12 riicbytes) is requires 1o imziement 1 Ll uszge of the Grapnics il moce.

[4°]

r
‘

mount of

ar

wl

Like Grazhics | moce, the Graphics || mode Pzizern Name Tedle contzing 765 encries which correspend to the 788
Fatiern positions on the display screen. Secause the Grzphics | mode patiern names gre oniy 8 bits in length, 2
maximum of 238 patiern cefinitions may be adcressed using the sCdressing scheme discussed in the previous section.
Graghics || mode, however, segment the dispiay scresn into three equal parts of 258 pattern paositions esch and also
segments the Pattern Generztor Tabie into thres egual hiocks of 2048 bytes ezch, Pztiern cefinitions in the first
third correspond 1o patiern positions in the upoer third of the displzy screen, Likewise patiern definitions in the
second and third Slocks of the Pattern Gemerator Tztle correspond to the second and third arezs of the Partern
Plzne. The pattern Name Tabie is also segmented intw three blocks of 258 names sach sa that names found in the
upper third, reference pattern definitions found in the upper 2048 byteé in Pattern Generator Table. Likewise the
second and third blocks reference pattern definiticns in the seesnd 2048 byte block and third 2048 byze biock
respectiveiy, Thus, if 788 patterns zre uniquely specified, an §-bit pattern name will be used three times, once in
each segment of the Pattern Name Table, The Patrerns Generztor Table falls on eight kilobyte boundaries and may be

located in the upper or lower hzif of 16K memory based on the MSE of the pattern generator base in VDP register 4
The LSB‘s must be set 10 all ‘1's,

.

The ColorTabie is zlso 6144 bytes long and is segmented into three eqgual blocks of 2048 bytes. Each eniry in the
Patiern Color Tabie is 2ignt Dytes which provides the capzbility 1o uniquely specify ¢olor 1 and colar O for szen of
the eight bytes of the corresponding pattern definition. The addressing scheme is exactly like that of the Pattern
Generator Table except for the iocstion of the tzbie in VRAM. This is controlled by the loading of the MSB of the
¢olor base in VOP register 3. The LS8's must b= set 1o ail “1%. ’

Figure 2-10 is an example of the Graphics ! moce mzpping scheme. Note that pattern names P1, P2, P3=orrespond
0 pamtiern generator entries in the three biocks of the Pattern Generator Tabie, Note ziso how these three nar -
mz@ o the Gisplay screen. Figure 211 an example of z Pattarn Generator and.Pattern Color Tanle eniry.
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FIGURE 2-10 — GARAPHICS I MODE MAPPING
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- the lower left and right quarters of the multicolor pat:
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Lo 3 0 0 1 0 & ¢ B 3 8 8 D 8 8 38 o) lMAGENTA!! S (LT, YELLOWI} 7
PATTERN GENERATOR PATTERN COLOR
PATTERN

TABLE ENTRY TABLE ENTRY

FIGURE 2-11 = PATTERN DISPLAY MAF®ING

NMutticoior Mode

The VDP is in Multicolor mode when moce bits M1 =0, M2 =1, and M3 = 0. Multicolor moce provides zn un-
restricted 64 X 48 color square display. Each color square contains 2 4 X 4 block of pixeis, The ealor of 2ach of the
color squares can be amy one of the 15 video display colors plus transparent. Consequently, all 18 colors.can be used
simultaneously in the Muiticclor mode. The Backdrop and Sprite Planes are stitl active in the Multicolor moge.

The Multicolor Neme Table is the same as that for the graphics modes, consisting of 788 name entries, The name no
longer points te a eoler list: rather color is now derived from the Pzrtern Generator Table,

The name points to an
eight-byte segment of VRAM in the Pattern Generator Tabte,

Cnly two bytes of the 2ight-byt2 segment are used 1o specify the screen image. These twa b
each color occzupying 2 4 X 4 pixel area. The four MSB's of tre first b
of the multiccior pattern: the LSB' define the color of

ytes specify four colors,
vie define the color of the upper left quarter
the upper right quarter, The second byte similariy defines
ern. The two bytes thus map into 3 8 X 8 pixel multicolor

l—:—— 8 PIXELS ""‘l
8

—_—e PIXELS

patiern. (See Figurs 2.12),

COLOR A | CcOLOR B

COLORC |coLorD

2BYTES FROM
PATTERN GENERATOR TABLE

MULTICQLOR PATTERN

FIGURE 212 - MULTICOLOR LisST MAPPING
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The tocation of 1me

o bytes within the eight-byte secrznt sointed <o by ihe name s dependent upan the scresn

sesitien where the name is mapped. For NZMes I8 (N 10D row names G-37% }, 1he two byres are the first two within

mEmes uses the seventh and eighth, Thic series repezis for <ne remszinder

er exzmzle, referring 10 Figure 2-13, if Name Tzdleentry

camern disolayed will be an § X & ixe!

& sroucs of eighThyte segments pointed T Dy 1M mimes, TheTmext rew of names (32-63) uses the third ang ‘ourth
Svies within ihe eigni-byte segments. The next row of f

mames uses the fifth

and sixth bytas while the fast row of
gresn,

{ e
[y

O
1
7

0 {zzmern nesition 0) multicoler Dlock =N (name = NI,

Siock consisting of coigrs A, B, C, D comprising the first

wo Dvies of the Multicolor Table, [f, Dowever, name =N is loczied inName Table antry 33, (Pztiern position 331,

the colore displaved will be estors E, F, G, H

zs specified by the third and ‘ourth bytes of the muiticolor biock

pointed 1o by the name. Likewise paern pasitions which lig in rows 2 and 3 would cause colors |, J, X, L and colors -
M, N, O, P respectiveiy to be displayed. Thus it czn be seen thzt the color displayed from the multicolor generazor
block isdepemdentupan patiern position on the screen. Figure 2-14 illustrates the multicolor mode mapping scheme,

VIDEQ DISPLAY

A 8

c o

£ P

G H

! J

K .

M N -
) ?

MULTICOLOR BLOCK =N
2 SQUARES WIDE
8 SQUARES HIGH

FIGURE 213 —
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FIGURE 2-14 ~ MULTICOLOR MCDE MAPPING .
The mapping of VRAM contents to scraen imzoe is simplified by using duplicate names in the Name TzbieSinee the
serizs of bytes used within the eight-Dyte segment repeats every four rows, the four rows in the same column can use
the same name. Then the eight-byte segment specifies 2 2 X 8 coler sauare panars on the screen 2s 2 straightforward

transiation from the eight-byte segment in VRAM pointed 12 by the commen name.

When used in this manner, 768 bytes are still used for the NameTabize and 15368 bytes are used for the ¢olor informa-
tion in the Patiern Generztor Table (24 rows X 32 columns X 8 bytes/pattern poesition). Thus a total of 1728 bytes
in VRAM are required. It shouid be noted that the iables begin on even 1K and 2K boundaries and are thersfors
not contiguous. An exampie of multicolor VRAM memaory aliceation is provided in Section 2.

Text Mode -

The VOP is in Text mode when mode bits M1 = 1, M2 =0, and M3 = 0. In the Text mode, the screen is divided into
@ grid of 40 1text positions across and 24 down, (See Figure 2-15), Each of the text positions contains six pixeis

© across and eight pixels down. The rtabies used 1o generate the Pattern Plane are the Partern Name Tabls and the

Patiern Generator Table, There can be up 10 258 unique patierns defined at any time, The pattern definitions are
stored in the Pattern Generator Tatle in VRAM angd can be dynamicaily changed, The VRAM contains 2 Pittern
Name Tabie which maps the patiern definitions inte each of the 980 pattern colls on the Pattern Plane (Figure 2-16}.
Sprites are not available in Text moda.
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FIGURE 2.15 — TEXT MCDE NAME TABLE PATTERN POSITIONS

As in the czse of the Graphics modes, the Pattern Generstor Table contams a library of text patterns that car. .

displayed in the 1ext pesitions. It is 2048 bytes long,
oytes long. Since each text position en the sereen is ¢

patiern are ignored, vielding 8 X

which sll the "1's in the text pattern tazke on one ¢o
z2nether colar, These colors are chosen by icading VD

and is arranged in 256 text patterns, each of which is eight
nly six pixels across, the lezst- -significant 2 bits of sach text

8 bits in each text pattern. Each biock of eight bytes defines a text pattern in

nitb'es respectively (see Section 2.4}.-

g
1
0 2
1
2
N M — e
aM
aM + 7
958
253
PATTERN 2046
NAME TABLE 2047

lor when displaved on the screen, while all the ‘D% tzke on
P register 7 with the color 1 and coior 0 in the left and right

TEXT POSITION O
-~ 40 PCSITIONS = T'EXT POSITION 28
. L L
TEXT
PQSITION
g 24 POSITIONS
TEXT
PATTEBN
oA l'_‘
t
TEXT POSITION 953
PATTERN
GENERATOR
TABLE

COLCR 1 COLOR O

VDP REGISTER 7

FIGURE 2-18 — MAPPING OF VRAM INTO THE PATTERN PLANE IN TEXT MODE
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2.7.

n tne Text mocge, the Pattern Name Table determi- =« he position of tne
o]

entries in tne Patiern Name Table, ezch one Svyre ez,

Desitions an thesTeresn znd entriss im the Patterm Nzo=e Tzoie {40724 = 880), The firew 40 2rariss corracnonas to e
180 row of tex1 pattern petitions on the sereen, tns mexs oy 1o the sEConC row, eng o on, Tne valus of znoentry

N the Famiern Nzme Table ingicztes which of <he Z
ible is loczted im & contiguaus £3
zggress of the name szhle is determines Sv the L.git Nem

)

-
3
ne Zase zCorest Torms the upper 4 i of the 14-0.0 W SAM SCTrees, The (ower |

0 one of 280 patiern celle, The nzme zable is oresnize

c 2 2y rows. A exampie of Pamarn Name Tzoie addressing is
giver in Section 3. Each byte entry in the rame tzoie is the pointer 1o 2 patiern definitien in the Pimern Generziar
Tzile. The same two colors are usec for all 255 Fatierns; the color codes are stored in VDP register 7.

A§ 115 azme implies, the Text mode is intendec mainly for textual zpplications, espeeizlly those in whieh the T2

paTierns-per-ine in Graphics modes is insufficient. The

sgvaniage ls et eight meore Se2tierns czn be ficted onta one
fine; the disadvantages are that sprites cannot be uses

» 23nd oniy two colors are availzhie for the entire screan. Wit
care, the same 1ext pariern set that is usad in Tex: ~ode czn be zlso used in Graphiss | mods. This is done by en-
suring that the least-sionificant 2 bits of all the characier pziterns are '0°. A switch fram 2,
then, resuits in 3 siretcning of the space betwesn charzciers, and 2 reduction of e number of chEregiers per ling
from 40 10 32. As with the Graphies Modes, once z character set has beenm defimed an

and placed into the Pariern
Generatar, updating the Patiern Name Tzbhle will pPrezuce and manipulate 1axtusl material on the scresn,

Text mode 10 PaTiera moc:

The full 8-bit pattern name is used to select one of the 258 pant

atiern definiticns in the pattern generator izoie. The
t2bie is 2 2048-byte Siock in VRAM beginning on ¢ 2 kiiobyte Douncary. The stzrting zcdress of the tzhle is geter-

mined by the generzter base address in VOP regisizr 4. The Dase zddress forms tha 3 most-significant bits of Te

14-bit VRAM address for each Pattern Generator Tadle entry. The nex: 8 bits are equei 10 the S-bit nams of e

selectied pattern definition. The lowest 3 bits of the VRAM address are equal 10 the row number within the patiern
cefinition, '
Zight bytes are recuired for each of the 238 possible unigue § X 8 nane

pattern definitions. The first byte defines the ilst
row of the patiern, and the second Gyte definss ine s2cond row. The twao leasi<ignificant bits in ezen Bz are pas

used. 1715, however, strongly recommended that thase bits be ‘C's. Each bit entry in the pztiarn definitien selag
ane of the two colors for that pattern. A ‘1’ bit selects the color code lcoler 1)

s contzined in the most-significant
& bits of VDP register 7. A ‘0’ bit seiects the other zolor code {color Q) which is in the lezst<ignificant 4 bits of the

same VDP Register. An example of pattern definjiior mzpoing is provided in Figure 218,

A 1ot2! of 3005 VRAM bytes ars required for the Pattern Name and Generzzor Tables, Less memory is reguirec if

all 256 possibie pamern definitions are not reguirsg: the tables can be overlzoped 10 recuce the amount of VRAM
needed for pattern gsmeration. Examples of VRAM memory allocztion are providsd in Appendix B,
Sorites

The video display can have up 1o 32 sgrites on the Sighest priccity videa planes.
Patterns which provide smooth motien and multilevei mztiern overfzying. The loecaticn of a sprite is defined by the
tep left-hand cormer of the sprite pattern. The sprite can be easily moved pixel-oy-pixsl by redefining the sprite
erigin. This provides 2 simple bug powerful method of quickly and smoothly moving spacizi patterns, The sprites zre
not active in the Text mode. The 32 Sprite Planes are fuily transparant sutside of the sprite iseif.

The sprites are special animation
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FIGURE 2.17 — SPRITE ATTRIEUTE TABLE ENTRY
.

The sub-blocks in VRAM that define sprites are the Sprize Attribute Table {see exampie of entry in Figure 2:17) anid .
the Sorite Generator Table, Thess tebies are similar 1o their equivalents in the patiern reaim in that the Sprite

Atribute Table specifies where the sprite goes on the screen, while the Sprize Generator Table Cescribes what the
sprite looks like. Sprite Pattern formats are giver in Tzble 5, '

Figure 2-18 illustrates the manner in which the VRAM tables map into the existence of sprites on the display. Since
there are 32 sprites availabie for display, thers are 32 entries in tha Serite Attribute Table, Each entry consists of
four bytes. The entries are ordered sg that the first entry corresponds 1o the sprite on the sorite O plane, the next 1o
the sprite on the sprite 1 plane, and so on. The Sprite Attribute Table is 4732 = 129 bytes long. The Sprita Attribute
Tzble is located in a contiguous 128-byte biock in VRAM begirning on a 128-byte boundary, The starting address
of the Atrribute Table is determined By the 7-bit Sprite Attribute Tabie base address in VOP register 5. The base
acdress forms the upper seven bits of the 14-bit VRAM sddress. The next S bits of the VRAM address are equai to
the sprite number. The lowest 2 bits select one of the four bytes in the Attribute Table entry for each sprite, Each

Sprite Attribute Table entry containg four bytss which specify the sprite position, sprite pattern name, and color ag
shown in Figure 2-17,
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FIGURE 2-18 — SPRITE MAPPING

TABLE 5. SPRITE PATTERN FORMATS

SIZE MAG AREA RESOLUTION SYTES/PATTERN
4] o} 8x8 single pixel
1 0 18 x 1§ single pixel T 22
o 1 18 x 16 2 x 2 pixeis 8
1 1 32 x 32 2 x 2 pixels 12

*

he first twe Dytes of zach entry of the Sprite Ariribute Tzble de-2rmine the positions of the sprite on the dispiay,
ne first byte indicates the vertical distance of the sprite from the top of the screen, in ixails. It is defined such that
¢ vzlue of =1 puts the sprite butted up 2t the top of the screen, 1ouching the backdrop area, The second bytas
describes the horizontal displacement of the sprite from the left edoe of the dispizy. A value of O butis the sprite up

gga2inst the left edge of the backcrop. Note that it is frem the upper left pixel of the sprite that al! measurement are
isken,

When the first two bytes of an entry position a sprite overlepping the backdrop, the part of the :p-ite that is within
the backdrop is dispiayed narmaliy. The part of 1he sprite that overizps the backdrop is hidden from view by the
backdrep. This slicws the animator to move 2 sprite into the displey from behind the backdrep. The dispizcermens in
the first byte is partially signed, in that values for vertical displacement between =31 and 0 {E145 10 O] allow 2 sprite
1o “bieed in” from the top edge of the backdrop. Likewise, values in the range of 207 10 191 allaw the sprite 1o bleed
in from the bottam edgs of the backdrop. Similarly, horizonta! displacement vaiues in the vicinity of 255 zliew a

iprite to bieed-in from the right side of the sereen. To ailaw sprites 10 bleed-in from the left edge of the backdreop, a
" special bit in the third byte of the Sprite Astribute Table entry is used, 2s described in a3 later paragraph.

Byte 3 of the Sprite Attribute Tabie 2Ty centains the pointer 1o the Sprite Generstor Table that specifies what the

sprite should look fike. This is an 8-bit pointer to the sprite patierns definition, the Sprite Generatgr Table. The
sprite name is similar to that in the Patterns Graphics mode.

8yre 4 of the Sprite Attribute Table entry contains the color of the sprite i its lower 4 bits {see Table 2 for color
¢pdes). The most-significant bit is the Early Clock bit (EC), This bit, when set 10 a ‘C*, does nothing, When set to
"1°, the horizontal poisition af the sprite is shifted 1o the left by 32 pixels. This allows 2 sprite to bleed-in from the
left edge of the backcdrop. Values for horizontal displacement (byte 2 in the entry} in the ramge 0 to 32 cause the
sorite 1o gverizp with the left-hand border of the backdrop.
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Sprite Generzior Tzole is 2 maximum of 2042 byrtes long beginning on the 2 kilobyte boundaries, |+ i arrsnged

<38 tlocks of § bytes ezch. The ird byte of the Sprite Attribute Table entry, then, specifies which eighit byte
SioCK 1o use 19 Yf22ify a2 sorite’s shape. The "1's in the Spri-e Cenerzior csuse tne sprite 10 be defimeqd 21 that ooint:
‘T's cause the trznsparent color To be used. The stzrting sdcress of the 1zoie is cetermined Dy the sprite generzior
case zocress in VOP register 8. The base address forms the 3 mostsignificant Dits of the 14-bit VRAM accress. = .
next 8 Dits of the zacress zre equz! 10 sorite mame, ang The fast 2 miss are eguzl 10 the row numper within the sp. .

FeTern. The adcress ‘ormation is shightly modified for SIZE: sprites.

There is z maximum limit of four sprites that can e displayed on enre horizentzl line. !f‘:his ruleis violated, the ‘our
highest-priority sprites on the line are displayed normally. The fisth and subsequent sprites are not displayed an that
line. Furthermore, the fifth-sprita bit in the VDP status register fs set 1o 2 *1 ", end the number of the violating fikh
sprite is loaged into the status register {see Section 2.5).

Lzrger sprites than 8 X § pixels can be used if desired. The MAG and SIZE bits in VOP register 1 are used 10 selecs
the various options, The options are gescribed hare:

MAG =, SIZE = 0: No cpticns chosen:

MAG =1, SI1ZE =(: Eight bytes are still used in the Sprite Generator Table to deseribe the sorite; however,

"each bit in the Sprite Generztor maps into 2 X 2 pixeis on the TV screen, effectively
doub‘;i,ng the size of the sprite 10 16 X 186,

MAG =0, SIZE = 1: @gyms are used in the Sprite Generzior Table 1o define the sprite shape: the resuit
¢ isa 18 X 18 pixel sprite. The mapping of the 32 bytas inte the sprite image s 85 shown
in Figure 2-10, Mapping is still one bit-to-one pixei,

MAG=1,SI1ZE=1: Same as MAG = 0, S1ZE = 1 except each bit rew maps into a 2 X 2 pixel arza, yielding
332 X 32 sprite.

/ The VOP provides sprite coincidence checking. The eoincidence status fla

g in the VDP status register isgettoa ‘1’
wheneaver twe active sprites have ‘1 bits at the same screen lccation,

Sprite processing is terminated if the VDP finds 2 value of 208 (D015} in tha vertical position field of any entry .
the Sorite Attribute Tzble, This permits the Sprite Atribute Tabie to be shomened to the minimum size required; it
aiso permits the user to blank out part or ail of the sprites by simply changing one byte in VRAM,

A 1ol of 2176 VRAM bytes are required for the Sprite Name and Patiern Generator Tables. Significantly less
memory is required if all 258 possible sorite pattern definitions are not required. The Sprite Attribute Tasle can also
be shortened as described abovs, Thae tables can be overlapped to reduce the amount of VRAM reguired far sprite
generztion. Examples of VRAM memory alloczticn zre srovided in Section. 3.
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FIGURE 2-19 - 3122 1 SPRITE MAPPING

EXTERNAL VIDED

The externai video interfzce allows Mixing an external vides souree znd VDP generated video under sofrware control.
As shown in Figure 2.20, composite video sigrzls that are input to the 2318A through the external video input pin
appear on the teievision screen in the plane behind the backdrop when the transparent esior is programmed. Thus
VDP.generated images cn the Partern Plane and the Sprita Planescah be superimposed upen an incoming signal. The
source of the signal may be 2 standard NTSC broadcast signal, the output frem an NTSC-compatible video-tzpe
recorder, enother VDP chip output, ar any other NTSC-compatibie composite video signal,
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