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WGA CRT Controtler (CHTC)

TA000/W 32 iniemal CRT Controller provides a 2(k-bit lincar doubleword address, cursar control, and Vertical Sync
lonzomal $ync controls w extomeal raster-5Can CRT ghisplays. Intemally, the CRTC derives all ref eren oL timing Infwo
wsions: the hornzoentat display/lanking/sync and vertical display lanking/sync. Each cycle in hocizantal and verhcal
Jved around the ETH000/W 32's CHARACTER and LINE refizence logic. Each characler i based un a muliple of
MCLK poriods. Both CHARACTER and LINE reference logic can be asynchromously initialized via i SYNR npal

Liagram below displays the nole that the CRTC registers play w0 effact the hor 2pntal and verticai timings of the CRT.

re 2.1-1: GRTC Video Timing Conirol Registers
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2.2 Secondary CRT Controller (CRTCBYSprile

This maduis of the ETH0AW32 may be programmed as a hardware qursor (Sprite] 0f as a secondary display window
{CRTCB). The two featnres cannid, however, be used at thesame time. Acontrol bits provided in e CRT CB/Spnte Conteol
Register {Indix: B} o select betwesn the CRTCR and Sprite lunsions,

The ET4X0AW32 can be prograsnmed 1 infurm the host processor whén the Las: sean Line of the CRTC, or CRTCE/Sprite
hits been displayed on each frame using a system inteu See Section 5.3.33, CRIC [ndex Register 35, b 6.

2.2.1 CRTCE Dverview

The CRTOB &5 a secondiry CRIC display window, 15 X7 posttian, X7 sive, staning address. width, and calur depth can
I programmed via the CRTCB rogisters (soe Section 3.7). The main diffegaces between CRTC and CRTCE are:

1. CRTCE is programmed relative 10 the CRTC s X4Y displey windvw jn 2rms of /Y position and width in pixel (X} and
line {¥) sesolunion. The size of the CRTCE display can be progmmimed feam 1 pinel x 1 lne, w0 the eniire CRTC display
size,

2. Thecolor aurlnizedisplayed ave ot subjusr thinaemal * AT processing: | oo, the CRTCE display is pavked pixel (linear
graphics] focmat aaly.

1. The CRTCE dusplay mus: be overlayod whea the CRLC disphay is anaiming sute ™ 1™ 8 dots per charsaeey ve [ CRTCE
i5 alwpivs i B dols per character mode regardless of the CRTU s iming slale

2.2.2 Positioning the CRTCB Window

The CR T position an the sureen s delined by the Poxel Posiuon Reglstees. Those re glslers indicate the puinton the screen,
relative 1 the actively displayed arca of the CRTC, whers the apoer 1efi-hand comer of the CRTCE window 3 displayd.
The Wilth acd Jeight Registers are used to vonmtrol (e pixe! sizc of 1z CRTCR window., The follovwing Ngure shows Lhe

e o Ehgses TEgSI0TS,

Figure 2.2.2-1: CRTCE wirndow Pusiliuning
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2.2.% CRTCE Data Format

The data For the CRTCE window is stored in the display memory. The exact locardon of the begin aing of the. daca in display
memory is programmed inig the Starting Address Registars, and the number of doublewards from onz row of daia Lo the
aeal i programmed in the Row Offset Registers.,

The Color Depth Register controls the formatling of the pixel data in memery.

Byze } Bywve ¥ Byie myLe

blt wfln dword 31 30 2§ 28 #7 26 25 24 73 ¥r X oJ0D9 A il e 19 44 3 :p 1112 B R e 5 01 ¢ 2 L3

it W/in byte 7 E % 4 X 72 1 O T 6 5 ¢4 3 2 1 0 i B 5 % 7 71 D T & 5 o4 & 10
1 bpp
plawi rusber 21 §5 1% Py #8 2% 30 31 18 17 18 1% IC §1 @7 94 B %1111 12 13 14 1% oo ¥ ¥ 4 5% BT
bit slenbflcepca o 0 2 0 o9 O 0 4 b ¢ % 9 D 0 0O 0 219 1 b @ LoD o ¢ ¢ a1 371 0rC
1
pisal numbees 17 1z 13X 13 1% 14 15 1% B 8 % %101 11 1] 4 4 5% % & & T 7 cc o1 1 2 2 %k
kit #lgnificance 1 9 B a1 4 1 3 1 L1 a1 21 0 1 b1 b . o8 T4 1601 1 L omo1om
4 Top
Flael -lanrar P& & & 2 3 77T a4 4 L x5 0 P2 P 2 2 0x 303 L8 oe 1
BiT signillcanse 4 2 1 & 3 2 1 & (NI T T P i 10 LU 2
B bt
plasl nawser 4 » 3 3 2 32 3 43 2 7 7 2 2 1 Z 1oL 111 L EONCA TR - I U
ulr sirnlflcance 7 & S 4 3 7 N0 J B 3 4 1 2 10 T R X oA 3 F | T e 5 7 37 [ B
1k »po

kel nunber I B T | N . O B I A P TS < BT R
bvs significance 1% 14 13 12 17 "0 K Pe 5 % ¢ F [ 1M 14 13121170 % B P T T 1o

2.2.4 Sprite Qverview

The: Sprice 18 @ 6x53-pinel image. When aztive, if averlays the pawre thul is beng dispogyed in CRTC Toach Sprite pascl
is 2 s, encoded tw have the follewmng effcct oo the display:

Eilz=1;0= Sprite Etfec]

0 Sprite Color {1 {Cefieed 23 00}

1N] Sprile Color 1 {defmed 25 FE)

10 Transparent {allow CRTL pisel througi
i1 Rescreed

2.2.5 Positioning the Sprite
‘The Sprte pesstion on the scroer isdetined by e types of registers: Piel Position, and Preser. The TixukPesinian regastrs
speciy whera the [rst displayed Speite poel{upperle FLokund cumnan appears e she scrcen, and the Proseteegistns spes iy

ihe offsct inio the x84 Sprics buffer 25 well ay the XY size of the visibe porion nf the Sprie.

The main use of the Sprite Presst registers is o alluw for displaying spriees which are less ikan febxes pasels in sise.

¢t @

1L

Figure 2.2.5-1: Sprite Pasitioning

Actively
Displayed
Araa (CRTC}

64 %64
Sprite Cutline

; i

f “— Hp ¥

< — EPP—
HfP: ligrizontzl Pixed Tosition WEP: Vertical Tlxel Peosition

HE: Forizontzl Pres=i

Vo : Vertical Preset

ET 400032 - 1)



2.6 Sprite Data Format

ne data for e Sprite is stored in the display memary. The exact location of the beginning of the data in display memoiny
programmed intg the Starting Address Registers, The data is stared in a contiguous 1024 byic arca, arranged wn the
llowing linsar “packed” format:

Byl 3 Pyte 1 Byce ¥ FyLe :_
bt wfln dwacd 31 30 2% 2B 27 ¢ 1% 24 21022 21 20 L9 e 17 16 1S 1% 13 1211 10 & B 1 &e 5% 1 1 » 1 a
L wfin byze 4 B 5 4 3 7 1 DO T & 5 4 31 7 1 3 LS T I T B | E LI R T B B
Zel mameer Th 1h 14 14 331517 12 11 21 v 1d % % & B N T T B T R | L - A I.j i
% atgnlfhcarce ¥ 8 1 o 1 0 1 4 L @ 1 o0t & 1 @ 19 1 01 60 1 ¢ LS S R - B A

smgle zow of the Sprie thus occupics 4 contiguous doublewords. The sccond row occupies the next & corfiguis
nublewords after the first row, and s0 on in A incroastng [ashion.

.3 Memory Control Bnit (MCU)
he Memory Control Unit provides programmable control of several aspecis of the DRAM memory pperalivn;

{emory control: RASICAS /MW timing/sequense control; the wep (RAS pro-charge). wed (RAS 0 CAS delay), 1cas {CAS
uisc width), and lop (CAS pre-charge), wre programmable via CRTC Indexed Register 32,

temory address: provides up 104 megabyte addiessing space via multiplexcd ARk and As <P 0> address inaclaze.
temory dawa; provides fror 16-ht display roemory dala wicth w 32-bit dats widh vig MO<3 1 duls inberfa e

tcmory refresh: programmalde refresh frequency vis CRTC Indexed Register 36.

4 System Pricrity Controller (SPC)

e SPC’s main sk is 1o maainuze perfonnance by orcheswating the ET2000/WIZs mtcmal résource requesls :|.r|.:t1 adhing:
e Display FIFOs. Graphics Dats Controller, Muitipor: Cache Contraller, Aceeteratorn, Image Pocg, and I-;AM rclr:'.sl.1 I'ha
vailable memory bandwidih for sysiem perfomiance is based on two major Faclorg: tha CRTC™s demand (1e., the dispiay
selutinn and wolor}, and the memary handwidih {ie., the memory bus widl and access meh, Use of the Graphics
vooelerator andfor the Trage Porl Can suhswandafly increase performance by reducing the number of bug accesacs.

wher factors alse can conbibute to the overad] pesformance. For example, the cache conigoller provdes ApUraUm
crlonnance for sequenpal access rather than randam, and host write operations aie gencrally Fasier than hest Tl
peralions. The 32-bil Local Businlerface also resulis in faer daa wranstsr, particularly in the plans graphics racule (32
it CPU writz equals up oa 128-bit dak wansZer). For funther discussion of porfornaanc e aspects . i fer o Display Mzinon
Jesipn Considezations, Section 6.3,

2.5 Multipert Cache

The internal Muliiport Cache™ ao eaclusive fealre of the ETA000W A2, alluws aoeess of multiple masters (e Ssplay
nempry cache simulianeousty. Muliport Cache provides the ETABN W 32 with the akilizy W parallel process u.skg. Ewen
[ the [MA port is updaung an active second display wandow while the CPU ang Aceeloidwr procssan are ppdau:-.g th
rinary active disphiy, e ET40000W 32 will allow ail three masicrs loread/s Gie inte the display smemary, while operanng

uncurrently.
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2.6 Timing Sequencer (TS)

The Timing Seuencer module is responsible for providig basic grming conmol or bot the CRTCs and ATC. Timings
conteolled by the TS regisiers include:

-llorizonial coun: resofution: & ur @ dogfcharacter
SMOLKSZ, MOLE S, and DCLE S (doelock)

2.7 Graphics Display Controller {GDC)

1
The GDC assists the CPUin manipulating pixel data that is i placar format i display memory. This includes rotamfmaskf'i]
r-plane, with any ol four beolean funcions--- in response 10 asingle CPU write. By putting basic bit map operations inhigh-
speer hardware, the ETAEW32 dramatically increases graphics processing Lhroughput over software-driven solutions, JI
The datamanipylation capability implemented in the GDC is, however, applicable only for Flane systems ang not for Lincas
Byic sysiems. This is becaoge ail the processing funcions ars desienzd mezmpulate pisel data with one bit sourced from
eachplane. Foreaample, the color compare funcuon allows four bils scross Four planes {one pixel] 1o be compared to a pre-
defined color, therchy allowing eight pixels o be color-compared simultancously by processing 32 bits of video data {one
byte from each plancy.

2.8 Attribute Controller {ATC)

Theintermal Ateribuce Contreller (ATCHprovides Neadlle Tigh-speed video shilling andanribece processing, and video load
control every 8, 16, or 32 dotclocks. desiened for buth lextund graphivs video display applicaiions. The ATC ean process
up tor 162 bits of display dats at the rake of S0MHz or 8-bil piel dala ol s mte of 8368 He, In graphics modes, memory hits
are relommated inte pixel color data i grovps of 1.8, 2, or Ladjacen bity, wanslaed theough an inzernal 16-element eolor
look-up table, and sent cut soradly o the vides display. Through this pixed mapper, ke ATC supporis “PLANE" (for 16
cotorsy, “BYTET (2546 colors) and TWORD ™ 93,530 volurs) oreented pixel structures.

Trtennannde, eighd bz of elarge: oo dars andcophe o ef ateib e dlno are boaded; the characier cod s is used as a lockup
e i Gt esble ghat i hea Inaded sz the 36 bs of font data, Theaimibae s ten applied to the fonlfossor data, ranslated
thucagh the codar Inokup mbde, and scnt oot senally w prodace 1hoeeloss of st poxcl dads at spesds of up o 36MHz

2.9 Image Port (IMA}

Thee Ienage Fioes iz 20 §-Bingsynchrongus mps perbvazable o accepling CFU or iinage Sata dirceily inlo the display memony,
and Ui ETA00/W 32 will kevp wrack of linzar addresses beinyg ranslerred as well as daa wanslge counts per line, The inpul
daws sean sequency cian e inteelaced, or noa inierkazed, and may be sonwateng waith i bil mask soahal anty the differential
mution duld 15 racsberred. Cnee in Geplay memery, the I8A data mey be dizpluyed through either the primary display
(CRTCh, wr the secondary display {CRTCE). The combmation of the intermad buadwidih of the W32 chip, along winh the
UMA pon, ke possible G40xA30, 157 il Lon color, Tudl-motian (30 farmefsecond) diginal vicden on Goskeop cormpunsr
sestems. The ET2000/W32 inegrewes Muolbmedia and Imaging cupubilities beyond any SuperVOA class graphics
coenToller.

The IMA port 15 a physical interface belwesn an asyRehrnows provessor such as an inags processor for mouon vided, or
simply a dedicated miccoprocessor high-speed direct cormection, and lhe ET4000/% 32 controtlzr. The mait mechanisms
cf this high-spesd dorect conneciion are:

1. Sustuned asyacheonous throwphpol e o w4 MBJSec.

2. The adidress gencranon is twiz- dimensional and sequential and & fully specifivd via IMA Regeaiers EO-ES praor 10 the
data wanskar,

3 The synehronwzanon of address geaeranan is by way of Frame/Line and odilfven imietace signals.

4. The range of dzta wansizr per Lae 15 specificd by programming Lhe irags Weasfer lengeh registers (1A F3-F4).

5.4 e mask inpui can be used o specify only the changing mstioe viden dala o be wansferned o ehe ETI000W32's
frame buffve The masked dany ransfomed oo be used o reduce the bandwidih regueitgmsnt
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naxt ling by adding the image row offsel, and rewen the [XR1Y, indicating tha: the ThA Puort s ready for dana transfars
If the imerlace bit (IMA Indexet Register F7, bic 1 is set 1o:

01, then image row offsct value is added
1, ther twice image row offset value is added

This process is repeaicd.
2.10 Memory Management Unit (MMLU)

The ETA000/% 32 Memory Managermeni Usit (MM Upprovides a mechanisnt iracess the full 4 MB range of dosplay ncnory
= wzn thongh the disploy memory may occupy 2 much smaller region in the sysiem’s memary space. This Is acvomplished
hy praviding a fized-size “aperiore’” through which the display memory may be accessed, The aperiure vanes in size
tepending upon the system configuration; for 1ypical YO A-compatible systems the aperiure 5172 is BRH. See the Vidzo
Memory Map able in Seetion 7.3 w see how aperue sics isselatod (o system configuralion. The apertars may berzlocatd
iy begin on any byle boundary in the 4ME display meinery space.

2.10.1 Soflware Considerations

Each aperiure has & Memory Base Fointer Register (MBF} which is 22 h.s wide. The MBF Reopaster speciliey the starling
widress of the aperture in the Lneas display memory.

[he MM LS provides three independant apenurss. The host implicitly selects whach apeniure to use by vire of the address
he host is accessing. As an example, consider the case of the MMU buifer space occupying the address region from BIGOD
hrough BDFFE {line six of the Yideo Memory Map table insection 7.33. All accesses inhe range of B8000 through BYFFY
w:] be direcied thraugh aperiure number 0, BAXG theough BEEFF use aperture number 1, and BC000 through BOFFT
yse gperture mumber 2, Figare 2 10.1.1 itlustrales this address wransialion:

N

T ) __

2.9.1 Image Part InterHace Protocol

1. External Image Precessor produces TXFS and [XLS pulsss signaling initaiization of linear address.
3. ETA000/ W32 boads the image stan address to the lincar address gensmior,
If the interlace bit ([MA Indexed Fepgister F7, bat 1) 15 selux

(1, then Toads the image stan address o the Gipear addregs gencrator.
1, then {If IXOF = 1} loads image stan address + image row affsel w e lincar address generator

(If IXOF = 0} lIoads imape start address 10 the Enear address gencrator
3, Afier the wailing edge of IXLS and sensing 1XRD ready acknowiedgment, the image processor can begin i toggle the
IXW)* write request and place the §-bil IM«< 720 and IDMK hyte mask at each lransfer. NOTE: IDMEK, when equal o
{0, can be psed o “walk™ the address generator's painter withoul data being wansferred.

4, The image processor coalinues 1o sample the IXRD ready (by ¢locking LXRD with the image processor's intermal ¢lock ).
I IXRD is asseriad, the IXWO* can be toggled, else EXWO™ i held at the high skate.

5, IF thes nsmber of donblewoed count ransfers has occired, then IXRD will become inactive and wait for ghe 1X15 input.

5. The image processor senuds an LXLS line synchronization. 1f the 1XLS mput occees befone the doubteword count mansfer
is complete, the ransfer counes is re-imilialized 10 22, and the remaining da will oot e wansferred.

7, Upon the leadig edge of LXLS, the ETAOKYWIZ will advance the linear address poinwer (o the beginsing edge of the

¢

!
.

=
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Associaed with cach MMU aperare are two control bits:
= Lincar Address Control (LACT, and )
* Aperture Type (AFTY . -—. - - =77

The L.A(_: bit contrals the organization of daa in display memory for the given aperturs, (See sccdon 3.9 MU Repister
Diesoriprions, MMLU Canwed Regisier for a desceiption of the LAC bits), The LAC bil allows Uk programmer 1o access
memory in a3 linear fashion, independent of the cwrren display mode.

The AFT bit indicates that accesses through this apetiuce should be direcred 10 the sceeleraw, Mamely, il the APT bit is
a" 1", anaccess through this afrerire will be passed 10 the accelerator; oeherwise the acrass well go through the GDC W tie
display memory.

th.n me AFPT bit of an apenuse is 22t w0 0", the MBF for that aperiwre must be doghleword-alignzd . This alignmem
restriction arises from the fact thar the inteenal GRC cannot perform a muliple-cycle aperalicn (g memory, which would
be required if an access crossed a douhlewnrd boundary, The accelerator does not have any such resiriction; 5o when the
APT bilis sct @ 1", the MEF can paint 1@ any byte boundary,

Importam Note: A read through an aperione with the AFT hiL 511 " 1" will retum an undefined resule. 'The zhip does not
alow daza 1 be read [rom the acceleeainr.

The actuat address translation that the MM pe:fores is guite simple. [[adds bils <1220 of the host address o te Memary
Basc Pointe: for the sslected apertuze. F e Aperture Type Micis " g the st is supplying Moz Map ¢t o the Graphics
Accelerator, then the 13-bit host aidress i meliplied by 8 hefore being added 10 the Memory Dase Pointer. This & doae
0 compensule for the 3-to-t ralio of “bylss processsd™ o “bits in the Mix Map™ Figare 2.10.1-2 deyacts the address
wan s lalEcn process.
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Figure 2.10.1-1 3 MMU Aperiure Mapping
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2.10.2 Hardware Consideratlons

Asmeatoned carlier, the size of the aperture depends upon the sysiem conligurarion, For exaan ple, if the image portisbeing
usedin a system lincar-mapped configuration, only 20 hite of the host address can be wired to the chip (since ibe lmage Port
uses 0me ping normaily used by the host address bus}. In this conGguraiion, bivs 19 and 18 are used o sclect the aperture,
‘while bits <I7:0> are added to the Memory Base Printer. The Videa Memory Map ia section 7.3 summarizes the cffecis
“of sysiem configuration ar the APCALLE SiZe.

2.11 Graphics Accelerator {ACL)

The ET4000/W32 Graphics Acceleraior is the mogl cost-ef ficient methed iwe xpedite functions used incommon applications
such as Microsoft Windows and other graphical user inferface (GUI) soltware. Typically, personal computer architechers
anif processor performance limit the performance of operations sueh as BiBLT or Rasier Operalions, The ET40000W 32
allows the CPU w distribute Lhese Wsks Lo its Graphics Accelerator. The Accelerator is mapped 12 waused areas of the display
memary address spaee, and reconligures iesell suormatcally when muluple pdapiers are present, or if the VA swilches
from graphics inlo ex1 mode.

The ET000/% 32 Graphcs Accelerator provides 8 simple, yet pawerful mechanism o accelerae the movement and
processing of graphics dala. The accelerator architecture adheres w the RISC philosophy of providing ihe basic building
block formanipulation of graphics daaat 3 high rale of performance, while 2llow ing the software 1 manage the complexiy
ofhigher-leve drawing algonthms. The accelerator has the capability o operate withaut CiPL intervention on graphicsdaln
inLhe display memory, of it may take data from the CPU and mex it with data from the display memory.

Iaside the acceleralar ace fwa pricany functioeal Slocks:

+ An address sequencer, and
= A graphics daka processor,

By using thess vwo funcuons, much of the CPU-processing requirsd Lo perdorm a Bit Block Transfer [ HEitBLT™) can be oli-
loaded from the host CPU 1o the Graphics Acceleralor. The Address Sequencer mpintzans address pointers w iocate Jals
in display memory, and the Graphics Dala Procesior combices dala from a Sowrse Map, a Pattern Map, acd a Destinaicn
Ktap, and writes il back v the Destination Map ander the canwral of paramerzes programmed uno the chip,

Maximum perfonmance 15 achieved by:

» Minirziag the ansount of information tha: must be passed 300053 1he hos bus between thy FT2000 32 and the host
PrRICESSON.

=+ Thz CPU need not perfomm any combinatonial (uechons gnihe praphics Gat: 2] Ruster Oporations are perfemed ny the
Graphics Acceleralor.

= For mast rectangular BaB117s, the CPL need non maicain abdess poiniers.

= Accesscs 1o Lhe display mwingry aze localbred within thy ETS000MW 32, allowing b best possible milizadon of dispay
memory bandwidth.

= Tha CPU always has ke oprion u mginlaioegrs sorn. over a praphics operazion, bua sult use the ovcelerator wa 2ssist
incerainaspecls of the operation Fur example, the programmer may wish o have the CPL previde contel of addressing
the memory, bul allow the gveclerator wtake care of applying the Rasier Opzanon @ 1be daoc.

L

2.11.1 Overview

‘Fhe accelerator supponts the notion of a “'Pixel Map™, which is defined by 1v0 things:

» A starting address in display memory, and
+ A byre-arlse trom one scan ling of the map w0 the nexT scad line.

The acceleraior operales on fowr “Pixel Maps™
L. Source Map
2. Patterm Map
3, Destination kap
4, Mix Map

Dana from these maps arc combined according to the following mle:

D= FpdRop(S P,D) if Mixiblap hitis 1
D =BegdRop(S.F.0) if MixMap bitis 0

‘The Forgground Raster Operatien (FgdRop) and Backgreund Easier Goertion (BydRop)are 8 bil values which cover any
possible combinat.onal mix of the thecemaps (Maleem, Soure e, and Bestinationy. The encoding of these 258 ROP s s 100%
compalible with the Mecrosofl Windaws specification.

The Destination and Patiern maps mast resude in 1k display memory. The Sowrce map dala may reside in display memory
or be supplied by the CPL during an acceleratzd graphics uperution. The Mix Map data may be supplied by the CPUL o il
may befixed w17 {always wse Foregronnd RO, Foc agiven grapaics operation, the CPU zan provide elther Source daca
or Mix daa {or nedker), hotaot bath. The Mix Map diflers from the other thrze maps i that it 15 2 “monachrome ™ mag;
that is, for cach bal processed in the Mia Wap, a byie iy processed from the oihar three maps.

Ihe tigure below shows the pah of cng byte thoowgh the dueelerator's Ciraphics Data Frocessor, in reality more than one
by is processed &t a ke,

cu 8 :
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ET4000/ W32 Graphics Accel_erator Data Path
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11,2 Starting an Accelerator Qperatlan

fier Icading all the necessary aceelecator control regisiers (8., X/ Count Regisiers, Map Siarting Addresses, Y Oftses,
fY Wrap values, Raster Operalions, etc...), a graphics operation is initiated in one of WO ways:

The host performs a wrilz 10 the disptay memory, using the MMU Buffer Space. If the APT hit for the MNLU apenure
is" 1", then an zccelerator operation will begin. Theaddress whichisgeaerated by the MMU translationis implicity loaded
into the Destinstion Address Register in the Acceleetor Queue, and the accelerlor operation is begun, Thus, the actof
writing o the display memory using an MMU spartue which is in *aecelerated mode™ implicitly specifics thal area of
memary 1o be the Destination Map. PR )1 3%

The starting address of the Destination Map can be explicitly loaded into the Destinalion Adidress Register, and then g
write o the Acceleranr Operation State Register can be pecformed with both the “Resume” and “Restore” conwrol bils

set ke <17,

n accelerated graphics operalion is defined as a two-dimensional “walk” through display memory. The X Count Kegisier
d Y Count Register specify Uie limits of each dimensian,

=quential bytesare processeduniil the program med limitef the X Count Regisier hasbeen reached. At that iime, 2ach map's
Offsel is addedt w that map's skuting address, and the X-walk is repeated, This sequence repeats unli! the programmed
mil of the Y Coun: Rogisier has been reached.

he aocolerator always oparales on pixel maps as if they are io lincar formal in display memary. The yreelerator uses the
DU wply 10 wanslate the siacing Destination Address. The accelertor does nat use the MMU W perform any address
anshations while iis perfonning a graphics operation. In wther words, the MBL: only vperaes on addresses from the host,
-dnever on iatesnal addresses pencrated by the aceclerator. Ts means that the programmner has complels frecdom o alkes
1y MMU-related registers while the acceleraios is in the middle of a graphics cperation.

.11.3 The Accelerater's Queug

he ETAO00, W 32 has & ane-level quene of regissers for ihe Graghics Accelerator. n addibon o the queue 2horear A LS ]
wernal 10 Lthe acccleraton (hat it uses 454 " working sel” whilcitis perfoeming a graphics operation. Thiscrmiaguration allows
w host [0 be modifying the registers in the gueus while the accelerawr o running. The fipurc below shows the daty paik
stween the host, qucucd regisiers, and accelerator regisiers. For most graphucs operalions, the gqueue Sty oul as heing,
smpty' and the ot will load the repistess in the qoeue Lo sei-uf the cperalion. Then the liost will miLwe the sperativn
y ane of the two methods outlmed previously. Atis tme when the operation 13 imibated. the quewe becomes "1all” and
Il of the watues stured in the regisiers in thy guens are ransfered inm the ascelermor's internat smiz. After vhe warster,
12 GUEUE BECOMES “CEIpy  again, wailicg for U kot o set-up Lhe nza g operabon.

e -
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ETA000/W372 Queued Registers and ACL Internal State

The yuewed registers rewain hein valaes 30er the wanster akes piace, soihe program med need nol load the 2nure gueus foz
cach graphics operdtioe.

Since unly the intzeal seanz of the accolerator s readabile by he hose, the host cannoel simply read back a valae that it bas
st wrilten W0 aregisicr 1o the queve. TR oot wishes 10 wead the coments of the guens, it must firsL cause & “wansfer™
Lo take pliace 10 mowe the dats From the gueae irio the acealeratoe”s intemal stsie, Thes imnsfer is ucheived by wriung 1o
the ACL Operilion St Kegisesr wilh B0 (e "Rustore™ big seeo 17 Mamorally, the hostmest ensore thatihe accelerater
i idle when e Besioe is perfarmad. There is 2 slight difference inthe sweage of tie Spuese and Paltern Address Registers,
the Kesiore operdlion shifls e daa Sren the quews ol Lhe Initiuk Sourse, Patern Regisers. whilz the das in the Inilisl
Source, Palern Registers iz moved wng (he intermal Sowcee, Pattem Address Registers of the asenlorame. [n other words,
b Source and Pattern Address Aegssters are confligured asathree-slage shift regiter, with ke Resiore operaiion tiggeting
ashilt by one. Conversely, all of the olher regisiens we configured as o two-stape shafl register.
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2.11.4 Accelerator Qperation

The aceelerator maintaing internal copies of the Source Address, Patier Address, and Destination Address Registers which
it increments as an accelerator aperalion progresses. The CFU may use the internal Source and Panem Address Registers
as the starting point of a subsequént accelerior operation by stting the appropriate bits in the ACL Reload Control Begister
(see Section 5,10.21). Afier an accelerator operaton has coniplewed, he intzenal Source Address Register {and/for Parem
Address Register) will pain to the first byte of the Rext scan Line tobe processed. For example, if2 PBtBLT is iniliated from
{00y with a width f 4 (XCNT=3}, aheight of 2 {YCNT=1), and a Dircclion of XY Increasing (DIR=CXF), then the final
Sonrce Address will be the hogar address that corresponds o the byee at an XY -position of (0.2}

Theaccelerator also m aingains an internal copy of the X Position and Y Pusition asan scceleralor operation progresses. 7'hese
posilion registers serve a5 3 "reference” painter inlo cach of the maps o indicate how lar the operation bag peogressed. The
X Position and ¥ Position Registers shoutd be initalized 1o zerowhen the sysuem is powered-op, and if ihe y need 1o be loaded
with non-2er0 valoes for 2 Swae-Save, they should subsequenty be Tnaded with 22 before resuming operation. In ather
words, the programmer showld ensure that te X Position and Y Position Regigters inthe queve are zero beforeany graphics
uperation is begun; but it is nol necessasy 1o spend time loading the registers belore every operation.

The intermal address regisier for a map is oaly updacd iFthat map is necded 1o perdfomm the programmed Rasier Gperation,
ITthe host is supplying Source data, the intemal Spurce Address Register (I3A) will not be alered, Basically, by using the
Address-Route (ADRO) and Dain-Route (DARO) conzol Nields inthe ACL Routing Conrol Register {see Secuon 5.10.200),
Lhe prograramer can perform the foliowing types of operaiions:

A&DRQ QAEQ Laata Movement Adidress Siep Nodes
Screen-to-Sereen BLT Ko host invelvement, all maps in display mem
00 DOl Hust-te-5oreen BLT Sre data from host
1] oin Haost-to-Sereen BLT Mix data froum host {e.g.. Color Exparsion)
m o0 Bereen-o-Screen host contreds c.g. draw cirzle, line, etc., pixel-by-piacl
()] [ 1 ast-1n-5Sorasn host contrels host provides Sec data
()] omg Hast-to-Screen host controls host provides hix dara
0 104 Screen.to-Screen BLT host providas X Count {2.g., draw line segment}
e 101 Sercen-to- Soreen BLT host providas Y Count{=g., draw line segment}

MOTE: Allfanctinns leaturs 3.way ROFberween Sre Fan,Dst, with ROF selecied by the MixMap Patlern is always assuined
i0 be in the display memory. The Mixbap dats can be fixed o™ 17, or be providad by the bost; itcannct onigingle feom the

display memory,
2.11.5 Passing Map Data 1o the Acceleralor

2.11.5.1 Vinual Bus Size

To specify the passing of dity [row he host 1 Lhe acecleratar, ihe concept of “¥irteul Bus Size"” Ras been developed The
Wirtual Bus Sire is wsed o eliminaie the effects of differeni physical system beses on e way duty s ransfered wobc
acceleratar. The Yiruul Bos Size alivews the chip g be propranemed and to function in the cxacl ssme manner whethar g
is conmected e an 3-biL sysiem bus or 2 32-bi1 sysiem bus, foac exampls.

The Vinua! Bus Size can be programmed to 1-byte, 2-byles, or 4-Ivizs, Toiceally, the Host Iraerface of the ET4000MW 32
“wails” for this many byies, then relcazes the data 1o the azcoleraior The Virual Bus St i5 onty enforced whenhe CPL
is passing Source or Mix Map dala bo an accclersted upcraL'.on' all otheer wriies we e chig operae nomally. Whe Yirtual
Bus Size is programmes to maich the size of dala wransler that i beiny done in the host assembly language, the accelorator
will always give correct results nomalter how many bus cyeles are required o transfer the data, and no matec what adideess-

order the bus cycles are in.

1‘,'l'.
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Several important teatriclions anse from this approach:

1. All CPU doable-word wriltes i the actelenator must be double-word aligned.
2. AN CPU word writes o the accelerator must be woed aligned.
3. Mo resirictions on byte writes.

Omnce again, it is important o understand that these restricions are only for wriles of Source or Mix Map dawm 10 the
acecheralar; there are ro restricions on ordinary reads/wriles i registens of o the display meoory.

To bardle word or denble- word writes o an unalignzd Destination imap, the MMU Memory Base Painler Registar can be
st to any byie beundary. This permits the ET4000/w32 10 manage all unaligned data, while the CPU acts as if the map is
altgned. This alse maximizes performance by eliminating double or wiple bus cycles on the host bus.

Il the host is supplying Source or Mix data and the XCNT is not 2 maltiple of the number of byles sperified by the irual
Bus Size, Lhen the “exrra” bytes at the end of the linc will be ignoved,

Mo than ke Address Hegiazers contain byte addresses, so if 2 BLT bs maving inhe *Decnansing- % and “Decreasing-Y ™
direetion. iha initial Puter: Address, for sxample, should point tw the fast byte of te Panern map, This 1s independent of
the programesed Virload Bus Size. The Destination Address, however, s dapandent on Vinual B as Sise. [Fz wnile theough
ar: MM speniure isinitiating theoperazion, Lhe wiile shoul adidress the las:Vinual-Bus- Sued™ elamnent of the Destination
Mup. For sxample, il VBS is 2-bytes. the initialing writg should address the Jast doublewnrd of the Diestnation Map. The
Avceleratos tniemally Lakes care of printing bo the comeut starting byte.

2.11.5.2 Synchronization

ALHAREr I LmL iS50 when passiog data from the host o the acceleratnn i3 syachromi2alan. What we have here 13 two
proccssors {lhe hostand lae acceleramr} working in cuncert to perform a BaBET, The wansfer of data mast be throttled so
that the Lw o frooessers Temein in syne. This throling can be dene atone of twa levals, the sofiwsre kevel or tee hardwars
Jewel

At Lhe softwaas Teve, (e host can pell the Write-Siuy bit befoze each wris 1o detoening if there o5 roem in the queus for
ameher ca writs Olconrss, tais can add overhand 1 the inrer Inap Fne weitie g data w he scce lerator, and is oot generally
rzcomanendd.

Al b hardwere level, 1he bostbus WAIT {uka Ready] bineza be wsed for synchzonizalion, Frogramming the Sync Enatle
bitke "1™ furzes the FTACGNW 2 Lo insent wait-staves i3 a hust dala ransfer when the quaus is full, The primary concern
“_Jhcn vperatng 3w ahis Ssdion s 1 i Ue amouna af time that te kost bus is held waitng, since inortinately lang wait
times can ceash soong P Systern s $1nce the mam memary cannacbe ratreshed. For 1his redson itis imporant ooy i match
the specd of the soveleraer 1o eat ol the host processon, & general nule of thumb is ko set the Virtual Bus Size i the Jarpest
value possible (usimlly 4 byies) wher passing Sounce Map dew; and sel1a one byie when passing My Map dara.

211,53 Data Aligntrent

Wben the host s supplying the bMux Map for a graphics eperaben, the processicg order of biis i e Miz Map varies
dupencing on e peoprammed X Drecicn:

= W the ¥ Drireclion is incrensing {07, the feast significam bit of the Mix data is processed fost. 1a clher words Ue least-
Aignificard bit o thx Mix Map is anchored w2 the Tef-ingst edge of the Destination Mag,

+ IMhe X Birectan is decreasivg (17 the mos;-sugndficant bitof e Mas, dae 55 poecessed st i aher words the most-
sigmit:cant bitof the Mia Map is anchored o e right-mest edge of the Theaination Map.
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11.6 Support for Common Graphics Operations

s section offers programming suggesticns 30 perdonm some coOmMman graphics opertions. This is by no means an
haustive discussion; the programiner is enconraged 10 gain an pnderstanding of the cone functions that the Graphics
coeleralor provides and decide how 1o best put them o use for specilic operalions,

11.6.1 Lina Drawing

e Graphics Accelerator can draw vertical, horizonial, and diagonal (slope of 41 or -1) lines by appropriate program Ding
CETLiin Fogisters:

XCONT YCONT Y OFFSET TYPEOF LINE
n-1 1] don’t care Hudzonal

n n-1 w-| Vertical

o n-1 (-1} -1 Diaptnal

where: n = length of Line (in byles)

w = widih of pixel map (in bylcs)

ny Line drawn nsing Bresenham's algorithm is made up of smaller line segments which arc all hunzontal, or atl vertical,

all diaggnal. The only difference among these smatler line szgments is the length of the segment. The acceleralor allows
e programmer to specif’y a destination starting address and the fength (XCNT or YCNT) with a single bus write ¢ylle io
e chip. Thus, the inner loopof a line drawing noutine necd only containa single write 1o the chip (plus whateveralg orithsie
ocessing must be done}, Lhereby minimizing the nwrther of bus transfers requured o the chip. 1L s mporiant b nots tha
ese write Cycles must be asizoof one byle, sothe spper 4 bits ¢hits <1 128>} of the Coanl rogister snust be previoushy [oaded
1h the necessary value. This lype of acot] eralor eperaticon is achieved by programming Lhe DARD fieid in e ACL Rautng
ntrol Register (zee Section 5.10.20) to be 4 (10 1oad the X Count Register), or 3 (1o load the ¥ Count Register)

r simmplicity, the table shown above is for 1 byle per pixel. Ivis a simple tadk tnadapt the tab) = to other pliel depihs, Below
the. same table, generabzed 10 allow dilfercan pixei dephs:

XCNT YCNT Y QFFSET TYPE OF LIME
n*b-1 i} don'L care Hrrrizontal

b-1 | {w = B)-1 Ventical

b1 n-1 {wabyl+-b Diogonal

where:  n = lenglh of line (in pixets)
w = width of pinel map {in pixels)
b = byies per piacl

11.6.2 Tiled and Flxed-Coler Fitls

sth the Sewrce and Paoem Maps can be programmed to “wrap” or “Lie” as the gruphics upertion progresses The
ogrammed staring address for the map indicalzs the corner of the lite which will be repeated through e Operation.

w Source and Pattzrn Maps can be configered as fixed- color maps by programming the XY Weap values wd-by- b IE
= Destination is 8 bil-per-pizel, the §-bit fixed coler must be writlen inlo all Tour bytes of the Source {Patlenn} inaps. [ his
n be thought of as an X Wrap vatue of one byle. Simtlarly, an X Wrap of two byles can be achicved by duplizating the
0 bytes 10 fill the four byies of the map.

T

2.11.5.3 Color Expanslon

The acceleralor is capable of expanding a 1 bit-per-pine] (munochrome} pixel map into an § bil-per-piel map. This is
aczpmplished by seiting the Foreground ROP 10" 8re™, und the Background ROP o "Pat™, and supplying the | bit-per-pixél
TEp as e Mis ki A "0 in the Mix Map will resuli in {he leaed color inthe Pattern map 1o be wrilten 1o the Destination,
and 21" in the Mix Map will draw the Source color inio the Destinodion. Of course, tisalsn prssible 1make the Foreground
ROP a funckion of the $onrce and Desiination, ard the Backgreund ROP a Tupction of the Pawem ard Desination if this
i required.

2.11.6.4 Clipping

Far the most part, rectangular clipping must be dong by the soltaare; howe ver, Clipping with a dala ma sk can be accomplished
by using the Mix Map and programening the Background ROP to “Dest” and the Forcground RO as desired. This allows
each bil in the Mix Map ko control wheiher the corresponding byie is processed or keft alones,

2.11.7 Accelerator Interrupls

The ET4000 32 is czpable of gencrating a system inlerrapt on theee passible condilions:

- Writz Intecrupi - This inlermapt iz generated while 1he queue bs in the state of beng “noi-Tfubl™, This sttus indicates that
the quens 1 ready for another wnte m il Thisis a stale-triggered inermupt i.e., the istemrapt ling is assericd while the
quene is i the s1ate of being "not-fall”. The snweenpr is eleared by disabiing i {writng 2 "3" W bil 0af the ACL Interrupt
Mazk Regiseer).

el

«Read Intermupe - Thisinteriuptis generated whin the quooe s cn gy ac the avceieralor goos trom busy o idle, indicating
thatihe aurelerator is no longar peclonmang a graphics operaion, znd will 1oy siad w perlOTTmL unsther gperation withoul
acomenand [rom the hast. The iennineiegy of “read inlerupt” conveys the fet that te host 1s ensured of reading comect
resulls frum the display memaory and fom any of the accclerain registers bt are modified during he course of an
aceelerated graphics operation. Thisis an evenl-triggered inesrupr i, the interrupt line asserts when the accelerator
Roes from busy o idle, and slays asserted untd the mcernupt s sleared (By 2 wiie of 17 o the coecesponding bit in the
ACL Imzrupt S1alus Register).

et

- Write Faslt Biterrupt - This imternsplas geoaisiod whin the Bost wriics o ihe guens when ¢ s fuli and the Svac Enabia
bt 15 0", Uadar diese conditions, the wei < ipmzed, This 13 2n e ent-wrippered interrapl: .0 e iMerrupl line asserls
when the kst srite octurs, and slays aseerted ol (he interrurt s cleared (by a write of “1 fo the comesponding it in
the ACE Imeerrupl Stales Regisler).

211.8 Accelerator State Save/Restore

The ETNAW AT provides a muchanisen lor suspencing un azive graphics operation. saving the stste of the operanoa,
restortng thi £1alc of un vporation, and resuming the ope:aion This tyype of fedture i< ofien requircd by Mulie-[asking
cgating syslems 1o allow severa] tasks W shire the display hirdeare, Generzily, the host sl | ake a6 e s when a task-
swilchistoguired; lhe pseude-code helow oullines the sieps required s save and restors the 21z oFthe Graphics Accelerage:
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2.11.8.1 Stale-Save inferrupt Handler

Write * 1" to it ) (SO) of ACL Suspend/Terminate Register. /® suspends pperation *f
whilz {STAT.RDST=1) / wail for accel op w complete *f

Write "0 12 bit () (SO) of ACL SuspendiTemninale Regisier,

/™ By now, accelerator is not doing amything *f

ead all accelermor regisiers from chip {including STAT) and save into lecal amay, called SAVEL

Writz *17 to bit 0 (RS0} of ACL Operation State Regisier, /™ “shifis” sLate [rom queue =/

Read Source Address angt Palicrn Addsess Registers from chip and save ialo variahles called 154 and [FA,
Write *17 1o bit 0 (R$()) of ACL Operation Staw Register. P "shifis™ state from queas +/

Read all acceterator regisiers From chip and save into local armay, called SAVED

Wrile 1" 1o bit 4 {TO) ol ACL Suspend/Terminate Registér, /* I2rminates operation and nescls acceleralor ¥/
while (STAT RDST==1) /* wait for Read-staus OFK

:w:-ite “0" to kit 4 (TO} of ACL Suspend/Terminate Ropister.
Done with Statc Save,

2.11,B.2 Siale-Restore Interrupt Handler

Load ihe armay SAVE] hack into chip (incloding STAT).

Write “1 10 bit 0 (RS0} of ACL Operation State Regimer.  / “shilts”™ staie from queue 7/

Load 1SA and IPA into Source and Panern Address Registers.

Wrile 17 to hit O (RSO0 of ACL. Operation State Register.  {* “shifg” swaie {rom quene °f

Load the array SAVE? buck ingo chip. _

Write (SAVELSTAT & 8) 1» ACL Gperalion S131e REgIScr. /* IESumIG SCFEEn -10-50reen op if necessary =/

Dot with State Resinre.

i@

W

3. ET4000/W32 Pin Descriptions

The ET40000W 32 trovides a Nomible imerface to different iypes of CPU buses as wetl as oplioms such as the mage porL,
high eclor DAC, and hardware sprite. Tt is companbie wilh the following CPLU boses:

=154 B/16 hiws

= Micra Channet 8716 bits

= Local Bus 3BOMES 5X/D X 1632 hits
= VESA LBUS

A specilic host bus rype is selected by pulling the UCPC and AEN® imput ping 12 ppropriaie lovels a3 reset. A Power On
Reset Tnitialize (POR!Y) scheme i3 wsed b0 dedermine diffcrent confipurations for each bus 1ype w0 ensyre full hardware
compatibaliLy,

3.1 Power On Reset Inittalize (PORI)

During the high 0 low frangition of the REST signal, DE<15:(k- iz Jatched internally Thess Jatched data tuls are used (o
determing the hosl inlerface configueation. DR« 1S (s are eormally pulled high ingeralty; these sionals can be pulled down

wid A SEriEs resislor o ground, or Jriven (0w with a tri-state bulier doring resel

Desgeriprion of erms

[ =Tnpul
) = Caiput
10} = Riglsrartiongl

"W R = Powar npgi pin
TTL = Pin has stadard TTL anaut and ouatpat thresholds
CMO5 = Min has standard CMOS inpt and eatput thresholds

s = Schmuel Triggan on tput

TS = Tri-state

oo = Cipen-collector {thesc ars azisally tri-stame guipnes, drivesn low, 0051 highd
Rl = Inlerad pasave puil-up

11y = 1morngl pazsive pul-down

Bz = Cupwl balFer can souecs/smk 2o

Ha = Chprpus budfer can sourcs/sink 44

B = Cheapw; bolTer can sourcesink B A

Hagh = Voliaps leved beweeen 200 and YD 2lso abbreviated “H™
Lo = Vollpe level belveen Y35 il G dalso ahbrevizied “L™
- = Aglive Low
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5.1 Genetal Reglsters

e

Table 5.0-2 ET4000/M22 Mapped Repisters, RAW Operalion, Size
The ET<O0/W32 has five General Registers, tach with its own purt address allowing direct programming acerss, and
See Section 7.3 for the memory base address for the MU and ACE registers. The requiring no pairing of index and dala regisiers. The Input Staws #1 a1d Feature Conuol registers have seprrate adoiesses
offser in the lable below is added o the base address o calonlats the actual address for Monochrome and color modcs.
of the reyiswes .

] %.1.1 Miscellaneous Output Register {0 Gt L%
Begisier RwW Memary _ 1400 address = 3CC read, 302 write

n nf Upju (v tion® Oifset gits
MM Basc Pointer 0 RW 0 <2l Bit Descriplioh Access
MM Base Pointer 1 Rw 14 ‘;I‘U‘:' 7 Vertical Retrace Folanty. RW
MM Base Pointer 2 R U_R <:]' ':b [3 Horizeniat Rewrace Pelirily. Bw
RML Camirol Register rw 13 =Tk 5 Fage Select for OudToven, RW

. 4 Heosereed.
Graphics Acceleralor (ACL 3 Clock Selecr | RW
. _ . z Clock Select O Fw

Suspend/Termingte 1w 30 <10 1 Ensble RAM, RW
Operaticn 51l w0 3 <10 0 10 Address Selest Rw
Sync Enable RW i <7
Inerropt Mask R * <=
InterTupt Status W 35 <t Harilwars rescls return 211 bits 1@ zero.
Acceleraton St B kL < T
Patiem Address RW 50 <'§1=U> Bit Description
Source Address RW s <21:0> Bit ¥ When et 1o 1, szleots negative vertizal relace,
Pauem ¥ Offsel RW A <1kl
Source Y CHiset Ry fA <110 ' When w2110 (1, selects positive vemteal retrave, The relationaship bobween veslical scectn sies and
Destinution Y QFfset RW 8C <l pularities s s fallews:
Wirual Bus Sire RW 8E <=
XN DirS;;l.ion‘. 2:3_ ?'i Z;gz wsyne palarily  Msync pelanly  Verhosl size
Fattern Wrag ] L : + 68 line
Sounce Wra 1'! R 2 <Xl + 1 :;g:)' i:::::
X Yosidun R 94 <1L:C> - + 350 Jines
¥ Positicn RW #h <lil - - 430 lines
X Court RW 45 <l1:0=
Y Cnum( ]1';1':' 52 <1 ]L_'-'c"’ But 1 Wi sel tn L sebests nepauvs honzanal relrce polarily.
Roatmg Centrol X Rl
Reload Control B EE '*'_"'-S:" When set o O, suleols positive honrania! reeace palamty.
Eackgeound Ruste: {peration B : LR R
Foreground R_;:;f Qpecation 2'::’ 1}0 ‘-gloa Bit5 Selerts briween lwe 64 K pugss of meniory whzo in (he Odd/BEves dusplay seedes (0,1,2.3.7).
Dreslinarion Addness 3 <=

) B ) When serzo 1, i0s the defaalr Tor operation of B Hius 1ear node.
* See Secnon 2.11.3 on reading and writing acorleratar regisiens

Whan seteo D, seleows the high page of memory.
Bais 1.2 Lsed toeselza ihe cliek ratz accond:mg e the Toblowing, whl:

By

iz

00 Seleos MOLK clock L

0 1- Seicos MOLK oleck 2
' 10 Seleos MOLK clock 3

) 1eselegre MOTE clock 4

S Seclon 5228, CRTC jrde ged Repiser 11 fo more mionmation repardhing clack selects,

Teeag Labs. Inc - &2 ETanaswidr  £3
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Bils <3:2> of the MISCOUT regisier {8 1:0=} can be wunslated o provide compatibility between the EGA modds 2od the
EGA inonilor when the extemnal clock select circuit is connegied as (ollows:

C51 €S0 Clack Frequency

i 1 -

1 0 32514MHz
4] 1 28 322MHz
4] ] 25.175MHz

The clack select bits TS« 1:{= can be translated by the ET<000,%W 32 azcording 1w the following cunditions:

NOTES: 1EMCK = CRTC Ladex 34 bit 0 and ENXL = CRTC Index bic 5.
211 C8<1:0> are waed 1o selecy the extemzl switch setling, cane must be mken 10 ansere proper selocuon
of the swilch setting afzr the (renslation ol Th<l0x

In ¥GA mode:
a. 1T EMCK it is set w 0: C5«< 1000 are equal @ the progranened value.
b. ITEMCK biris ser o 1: C5<1= is cqual to the pragrammezd value, gnd C8<0x is cqual to inversicn of
programmed value,

In EGA mode:
a. if ENXL = (*then:
programmed C$=<1:0x; outpul C5=1:0:

11 0o
14 11
i il
0o 0l

b. if ENXL = | then:
T EMOK bot 1 ses 10 Ur CS<l0> ars equal o the
programmed value.
2 INEMCK tubs serro 1: C8cls is equal o the
programmed value, and TS5« s cquoal o inverswor
of programmed value.

In 6845 modes: C5<1:0» are cqual 1o the progracined value.
Bit1 When 5200 1, enables access e display memery.
When sei o 0, dssables display memory access froo the bt

Bid) When sel to 1, sets CRTC addresses w 30X and Input Swtus Regiseer 15 address i 31204 for
ColorGraphics Manjlor Adaper emulaion,

When se e 0, sets CRTC sddresses i 38 X and laput Status Register 178 address o 3B A formenochrome
snLgdnion,

Taang Labg, o, - €e
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5.1.2inpui Status Register Zoro

10 address = 32

Bit Description " Access
7 CRT interrupl. RO

3] Fealirn code 1. RO

5 Frature code O RO

4 Switch Scpsa. BO

3 Hrserved.

2 Eeserved.

1 Krserved.

¢ Rescrved.

Bit
Bicv

Ll b3

MNOTE: the "KEY ™ moust ba sgn i oader wonead bins 5 g 6.

lo set the KEY:
- Wrile D3 to Hercules Compaubilicy Hegister (3BF);
- Wt Al e Mods Control Regusier (3858

g dx IEER

™Y ul.3

Bl da.al

nes da IDERALED in mono moce
Ll AT

e dxul

Tore OFT e KEY:
- 3 Z0E {ur SEE) e d value pol egual e Al
Addidonalby:
-Se 30 - 20
seL 36T -
Description
Acvzlue o Tandicares a pensting werlizal retasce interrug
A value of (heand thal e verlicad relrace dnterrupe has been cleazed.

tnpscan be used o determine the lype of menior connecied 1 thi sysiem Inpur states s Tome e mal
featme ioput.

WNOTT: The catermnad foulere uapad bits & & 3 are D <1:0> bus
stitus at the last REST low-1o-high mansiton. 1T the
DB<tr= are ant “pull-down’ by a LK resistor, then a 117
starus will e the dafault value.

Inpue can be used w dewermine the defaull vidco mwde upwsn poswes-up, o the type ol rved: i sennezcd
wrihe system. The Clock Selecofeld (has 2,3 in the Museelazenms Conpot Begasice) sethng delemsines
the seeinck we red.

ETauGumwsr  pn
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5.1.3 Input Status Reglster One .
L0 address = 3BA (mona)/3DA (cotor) 5.1.4 Feature Conirol Register
-’ 1O address = 3CA read; IBASDA wow
Bit Descrpilon Access : . s
7 Verlical retrace complement. RO Bil Descriplion _ Access
6 Reserved (=, 7 Enable NMI geaeration. Rw
54 Video display feedback 1250 E{} 6 Regerverd
3 Vertical retrace. R(Y 52 Meuior I, RO
=l Reserved {=0). 1 Feat {1y RW
q Display enable complement, RO ¢ Fear {0, KW
Bit Description NOTE; Tae “KEY " must be selin arder 10 read bits 5:2, and 7. See Sesoon 512, Inpu Siatus Registes
B 7 A valoe of 1 indicaies that videa data is currently being displayed, Zews fer definiuon of "KEY™.
& value of { indieates the vertical blanking or verlical border tme. (Sec Figure 2.i-1) Bil Description
Bil7 Whenselio 1, enaltes anon-maskable inferepd™N M) This hitcan ordy be serwhen in68 45 comipanbuliy
Bits 5:4 Uscd for diagnostic parposes. They are scleclively conrecied t twn of the eighs color oupats of the mode (CRTC Indexed Register 24, bil 7=1).
Atgibute Controller. The Colos Piane Enable {ATC Indexed Regaster 32) register conleeis the mulliple ser
for the video winng. Available combinations arc: Neraally, the XROM = nutput pin is$atned asexiermal translation ROM enalile. Whenta ™ of the Featue
Contral Eegister 15 26100 1, the XROM* pin will be defined as the KM ouipt poa {5ce Suclion 6443,

Color Plane Register  Input Status Register Ong Tz bil can only be ferif the G845 emobstion mode is active.

g 5 Bits 4 Bis 5:2 Usea! 1o Tead back the MONED<5:22 ping (MONID<4 2> {or Lecal Hus ) For moaror sdentifivation. &ee
0o i AP0 gbs: Seoticn 302, Input Sunus Regisier Zeo, it d Tor mon.r [0
01 75 AP
10 1 AFI Biws 120 Gerecal papose readiwnite bits, lo previows desugns these b were oagput i the Featun s Oonaazo.
11 b3 ARG '

Buld A valpe of @ ind:cates thal video dald is carmently belng dispaayed.

A value of 1 indicaies a verical cebrace inlerval desing the vertical syns pulsc,

Bu A value of 1 indicates a verical or hozizontal repace aintervzl and is the real 1ime sstos of e invested
display enable sigral.

Tsang Labs, Inc - BE .
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5.1.5 Video Subsystem Enable Regisier
VO address = 3C3/46ER

The Video Subsystem Enable Regiswer is accessible via one of two locations ((03C3 or (3SES}, selected by bit 3 of CRTC
Indexed Register 34. IE the Video Subsysiem Enable Register i3 al 03C3, then bit 0 i3 ihe "Ensble Video Subsystem” bic
The power-up default has this regisiar al 03C3.

When the video subsystem is disabled, the chip does nor respand o any host read!writzs, except 1 the Vaden Subsysiem
Enablc Register.

Eit Descriptian Access

T4 Reserved (=00,

3 Enable video subsysiem (address 46ER). RW

21 Reserved.

a Enable video suhsysiem (address G3C3). B

Bit Deseription

BiL 3 When 21w ], enaltes the vidoo subsystent when dhe port adidiess is confgured fon 655,

Bit 1) When szt 4o 1, enables the vidoo subsysiem when the port address s confgured for address 3003,

5.2 6845 Compatibility

The ET4000M 32 features regisier-lovel compatibility with the 684 chip. The inputoulpul conol pors wsed in soiting
up the basic display formats arc as follows:

Port O Por Addiess
6845 CRT vonarol register 651
G245 CRT dats register s
Cisplay mode contrel R
Display color cootrod 030k
Display stites voairel 03kA

a1 oAb e g

)

)

T o

5.2.1 Display Made Control Register
[ address = 304 {calor)

Bit Descripllon Access
ki Reserved.
] Bit 1 of the Hercules Compatikility RO
Fegister (3BRF).
5 Lnakle blink (s nde only}. R
4 6405200 mode. R
3 Enable sereen digplay. Ry
2z B&W mode. R
1 Enable graphics mosde. R
0 EitaZ9 wx mode. Rw
Ait Descriplion
Gil Bit 1 of the RHercales Compadbiliy Regisien a read-uely bin
Bi s When sélto ], changes the charzsterbac kgrowad intensily 1o the bhinkng atribuie funchon in AN mesles.
Bi 4 When gan w1, selects ihe §40x200 Blagk and white graphics mode.
Br: 3 When g2t 1, enahles the vidoe signal daring mede changes.
Riz 2 When st e 1, seleqis the black and white mode

Phen seb o O, selecls colm made.

Bl When st e 1, selects the 320x200 AFA mcode.
When s 0, salects the AN mode.

Biz @ When senpe 1, sclecis the RIa25 AMN miode,

Whian s n 0, selects S025 AN mude,
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£.2.2 Display Mode Control Register 5.2.3 Calor Select Register
IX0 address = 3BX {monochroms) 1A address = 3DY .
Bit Description Access
? Fage select L RW Bit Description Access
6 Eu 1 of the Hercules Compatibility RO ; 2 Reserved,
Register (3BF), i 6 Rescrved.
5 Enable blink. RW 5 320%200 color ser select w0
4 Reserved. i 4 Selest intens:lied foreground colng in WO
L] Enable screen display. R¥ | 320200 APA mode,
2 Reserved. , ! 3 Nutensified burder color in AN mode, WO
! Monochrome graphics mode. Rw ' Inieosified bkgd volor in 3201200 APA modz.,
0 EOx25 text mode. Rw . Intersified fad color in 6405200 APA mode.
2 Fed border color in A4 mode, W
. L. Fed bkpd coler in 3200300 APS maole,
B_Jl Descriplion . . Red Tgd color in 6402200 AFA mude.
Bit7 When el 10 I, selocts the op 32KE page starting at BEKA (for Hereales compatibilily, 1 Green border calor in AN mede, wo
o ‘ Uireen bkgd oolor in 3200200 APA mode.
When set o 0, selects the low 32K 3 page (starting. at BOGO, : Cirewn fgd color in S40x200 APA mode,
o i L . I 0 Blug border color in AN mole, Wi
MOTE: This kit ¢can be sstenly whes bit | of the Hervoles Compatibility Register [38E is scp g 1, Blae tkpd color in 320200 APA pnode.
) o . Blue fpd color im $402200 APA e,
Bir6 Bit 1 ef the Flercules Computibility Regasier, is a read-only b
Bis Wineasctio 1, changes jhe charsower back groond inlsnsity 1ot bhnkiag awriboe fonzUen in A/N modes. “Tus &-bik GuIpLE regisia deteanines the border color, background color, and color intensity.
Bir} When et 1o 1, enables the video signal duing made changes. Bil Description
Bu & Lised omly wr: 320204 praphics mode, ts used w selact an aclive sel ol celors for the sceen display.
Hnl When set (o 1, selects the moncchrome praphess mode.
_ ! When bil 5 is sedur 1 the colors are as Foilows:
Bing Wher ser w1, selects the 8025 AN mode, !
| c1 Co Celors
When set i €, sefects 40524 AN mode. i i 0 Backgrowsd {uvfinzd by hist 0 3 a1 309
| ol 1 Cyan
: 1 4] Blagents,
1 1 Whin,

When bt % s s210 0 the colers awe as Wlloes

I ¢ Buckeround (delined by bits 0:3 a0 300),
Creen.

Hed.

Brown,

=

1 (] Colzrs
|
a

1

1 and O zre the high ancd dow order bits, respeceively, of te 2.4 pisgh.

Bir2 When set e 1, selects bitensificd Foreground colors for 3206200 graphics mod.

Bl 3:00 Arcuscdin select the bavkgroundeolor in the 32629 praphcsaiode, the Torewreand volor inthe 6405 20K
graphics miode, and the berdee color in the s 24 i planumers mode.

T A g gy - =

Tsang Labz, inc - 7o



Té )

524 ATAT Mode Control Register

14} address = IDE

Bit Description Access
? Frosarved.

1] Underline coler aiiribule enable. W

5 Reserved.

o4 Reserved.

3 Alternate page select WO

2 Altermate font selacL Wik

1 Reserved.

0 Daouble sean line mode. wo

This is an 3-bit write-only register used W produce 6300400 AT & T  compatible resolution. Te cnably tis regisier, bit Tuf
the 6845 Compatibility Control Repister (CRTC Index 34) must be cnabled. (Bic 6 is enabled just by hit 6 af CRTC 33 b
O requires both bits & and 7 of CRTC 34 10 be sct) This register must be set while in color mode {Mise. Carput Register biy
O=1}

Bit Description
Bil 6 When scite 1 and the auribute byte (ATT =01, the normal bluc fereground color atribuie will bedi sabled
and the white underline attribute of What characier will be enabled,

Bil 3 Altemate pape select, is used 1o schect cither of 1w 16K B pages in menoy & be displayed. [NOTE! b
(0 must = 0w get2nd page.)

B 2 altemate Funt seleg, 15 used 1o selectone of twa characies [onls swocedindont blocks Gand 1 lobe displayed.
The font swred in font block 015 the defauty oot

Bitfl When g2t 1o 1, isa double-scan bin thag simalates AT& T 400-line gezphics. When seiw 0, simulaces 1641
200-line graphuws.

Teang Labs, Img: - 77
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5.2.5 Hercules Compatibliity Register

1A address = IBF

Bit Description

T2 Rezerved

1 LCrable second page.
] Reservel

Bil Deseriplion

Bit 1

Access

WO

When sct o L, enables the second pageol disply memory, staring a1t B8O, providing $IKE of display

memary. This bit ean be read from bit 6 of tha Display Mode Contrel Register {385).

The Ealluwing table lists the 6345 CRT contreller intemia] data registers, their funcinns, and tae hexadecimul values used
for the dlusiced modes.

Table 5.2-1 6845 Calor CRT Contraller Regisiers, Funciiens, and Parameters

TEXT GRAPHICS
B0 40 3202200
fiegister x % d-golar
Aeagster humber 25 29 2-colur
Honzonal Total EO Tih 3%h Bk
Horizontal Displayed R1 Sth 2Eh 28Bh
Hsyne Position E2 S&h 20h 2D
Hayne Widih =4} Ot 4L Oah
Yerdcal Tus L] LFh 1Fh Fh
Yersca] Adjust o och ¥:h L]
Yernicsl Dhsplayoed N4 VRl 12h il
Vapnz Pesilion K7 1Ch WCh  20a
Inerlace Mode R 2k 0zh 125
Mgz, Scan Line Addr.  RY (¥7h 07h [ K]
Cursor 51an Rl (ah (h (51
Cursur Erd il a¥h (F7h [T
St Address (81) R1? i (b [
Soart Adddress T3 K11 0Oh fh LAt
Cursor {H) nid 0h b ¥h
Cursor (L} K15 0h b 0k

ETACGAANES
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Table 5.2-2 £845 MorochromeMercules CRT Controller Registers, Functions and Parameters

-—

TEXT Herculas

8) Ta0
Register % x

Ragizter Humber 25 348
Horizonwal Total RO 6lh 1%h
Horizontal Displayed Ri S0h 2Dh
Hsync Posilion RZ 52h 2Eh
Hsync Widith* ) QFh  O7h
Vertical Toal R4 19h 5Bh
Vertical Adjusi RS [1314] 0ih
Yertical Displayed RG 19h 58
Wsync Position RY 19h 57h
Interlace Modle 1.4 02k U2h
Max. Scan Ling Addr. Ra 0Dk 3
Cursor San RIO CUBh o
Curser End 188] (Ch 3
Siar Address (H) Ri2 [£3/1] 0
Start Addrass (L) RI3 1yl4 O0h
Cursoe (1) R14 00h Xk
Cursor 1) RIS O0h Gh

5.3 CRTC Reglister Description

‘The CPUlinterface 1 ibe FT40MW 32 intermal pritnary CR T Coawroller (CRTO) copsists of 3 readfwrilercgistor Qfthese
regisiecs, one Regisier, the CRTC ladea Regisear, is pecessed by a separate independent TO addeeys (384, where s =Bn
monochrome emalaion raodes, D in coloremuladon modes, as controlled by hic 0 ia e Misceilaneous Quipo Kegiser.)
The remaining 32 regisiers are internally indexed, which means thit they arc accessed via acomman L0 adfress (385) with
one of the 32 registers tha s acteally accessed soiected by thwe CRTC Index Repister.,

All valucs are o hexadecimal ualess otherwise nokad,

Table 5.3-1 CRTC Index Register

*Bit4, during 6545 CRTC mode operation, defines the vertical
synchromous eutput puise width as either sikieen tines wide
{bit 4=0) or two Lae witk (hiL4=1),

Regisier descnptions for the 6525 can be found in ik

register descriplian pages of Matorala and Hitchi chip

Froduct catlogs.

Tseng Labs,

Inc

14

Fart
Begister Nare Addrets
CRTC lndex Regisisr (ReadWriw) 374
Table 5.3-2 CRTC Indexad Registers

Par

Indexed Regiglar Narm CRTC Indexed Addross pAagress

Horizental Tolal 0 (ReadWris! 45
Horizanal Display End 1 (ReadWrila) 45
Horizont! Blenk Stan z [Read W) 144
Horizontal Blaak End 2 (HeadWris) i
Hoozomul Sync St El HeedMWrie) R
Horzoswl Syac End b [Reedvruz) REoh)
Wertical Tots! & (BCed ™) ET N
Orverflow Low 3 {HRcad e LM
Inival Row Addr {Raster Counter) A {(Reat W) EL
Magimom Bow Address o (Rl Wrley Jes
Cursen Suarg Bow Addresy A (Read W) Jat
Curscr End Row Address b (Read W) s
Linca Swrfing Adises Midd C {(Rewd W i) s
Lincge Simting Addresy Low I (Ruead W nge g3
Corsor Address Middle C (Read W rice) 383
Cursm Addrzss Low F [Fead W riee) 1855
Yenizal Sy Srarl 10 (Taeac W rice) 185
Yeenaad Sy B i1 (Road Wi bk
Yeeneal Diaplay Cod 12 {FzadWrile ) a3
Hpwr Oz 13 TRead W) KL b
Underiing Row Address 14 (Read Wiz LA
Vrnicat Blznk Stat 15 (Faad W) kTN
“Wertcal Blank End i (Read Wrike) JHE
CRIE Mode 17 (ReadWrile 1¥E
Splic Ser Star Low (Line Compare) 18 iRl Ius
RALCAS Conlipuraiin 37 (BeadMrile; s
Extended Slan Address a3 {ReadMole) Igs
6845 Compactzlily Control Er! {Eead M nie) kL]
Creerlew Hugh 19 {TeadMeriwg) KEE]
Wider System canfigaraeen 1 U (TeadAvrie) EL K]
Vider Sysiemconfiguranon 2 ar (Read W rine ) LA
Herizonlal Owerf o iF {Rreadfhrie ) 345

¥ - E in monchoeme emulanen ankes, Dol conulaien <l cn meslled L Ten denthe MuceLancoas Do Eog e

SAYTE: Tac"KEY ™ muat b ser inorder w0 wrie C#TC indices ghowve 1R, excen: indices 33 arnd 35, 02T 35 s poone e 2 by 7
CRTU 115 See Seonon 3.01.2, ingian Swaeas Repasier Zaza fon definitin of "KEY"

ETeooo wiaa P
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Meny of the CRTC velues, such Bs the Lincar Staring Address and the Verticel Sync Star, are broken op into numerngas Table 5.3-3 CRYC Reyisters By Function
non-adjacens regisiers. Thislis because of the need 1w maintain IBM VGA and EGA compatibility, For example, verical Prmary Sob CRTC Tndered Regelar )
&yTK start bits 7:0 are i Kegister 10 bex, Yenical Sync Stan Bits 9:8 are in Regisier 7, Dverlow Low, These two registers Functiefi Fungtion Index hame
provide the 10-bil vertical syne gan valoe in18M's V(4. The ETA000/W 32 chip supporis 11-bit verical valucs, so Register Horizooal Scan lime v Hurirosal Towl (bit 7:0)
35 hex, Overflow High, eontains bit 10 of the vertica! syn¢ stary value. Although this can sometimes be awkward, it is the Hmings lengibs £l Horizonial Querflow (bit &}
only way 10 provids both IBM ¥GA and EGA compatibility and the extended functionality of the TTL000AW 32 chip. § Display i rizonial Dusplay End (it 7:0}
enable 3 Herizomal Blank End (hit &:5)
Becausc there arc so many ET4000/% 32 registers and becanse many CRTC valuss arc spreed over numerous cegisters, the : (Harizontal Displuy Fnable Skewl
following rable tss many of the registers arvanged accordin scal i
d 8 ¢ ing 0 genscal finciian. - Hlank ing, 2 Horiznnta Hlank Szart {tal 7:09
b)) Horiznnlal Owerficw (it B)
; Hosizental Blank Bnd (HEE bic 0:4}
5 Hosizonlal Syne FEod (HBE bit 5)
Renc 4 Honzentad Syng Sran (hil 7:0)
b3 Honzanwl Ovedlow (7t 8)
4 Hanzontal Syac End {bit 403
Verticul Foieng A Vertical Tetal (bil 748
tuiing: husigehi 7 Quvanllow Low (YT b1 8.5
a5 Overflow High &FT hic 1C)
Display 12 Werlical Display End (ba 7:G)
enabils T Qverflaw Low (YD hit 8.1
38 Creea floew High (V0T ba 1)
Rlanking 1% werical Blank Sam {lal 2:0)
7 {verflow Low (WIS LR}
’ 9 waximum Rew Address CES b #)
is CGverfiaw High {VES kL1
[13] Yeracsl Blank End (ki 7:C)
Sy 10 Vertical Sync Stant (ki 2205
7 Overfew Dow (Y55 bil B4
a5 Chvepllow High (%55 Bal 1)
17 Yerucal Syne Ead (hit 3:0)
Cursur Adioan r Carsen Address Lose e 7o)
C Cursor address Middle (ba Ea08)
; 33 Extended S1arl Address (ETURA b 1901604
| .
: Row Addres: A Crursar St Row Address (bicd )
! B Curgor Siop Row Addross (e 0
Skew 5] Cursor Siop Row Address (bl 6.3)
Meaory Lincar L Lmear Stan Addr Low (bt 7:0)
address address « Linear §art Adde Middle (hin 1575
3 Frtended Stanm Addross (LA hic 1516
Roaw oot 13 Forvwe C3Ls2L (biy 7003
. r Foowe £ HEseL (Bt B)
; Splis Stark scar: g Mainum Raw Addr (Sphie Sor bit 9
SIELIL Linc 15 Line Compace (his 700
) 7 Crecrllow Low {Lane Compace it 8
EE] Crverfiow Miph (Lane Cumgreee bt 10)

! : . L . . - . . .
Far the est of oz desznprons in lizis ses en # 2 B w meeed s amulatisc: modes: [ eanlor egrulamn mese cosinalled oy bl

l - . e e R . 1= e Bz anseuy, Oviput Bugire: B . ; . —
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5.3.1 CRTC Index
1O sddmss = 3#4

Bil Descriptian Access

6 Reserved '

50 Cwrent CRTC index. W

Bid Description

Bits 5:0 Thesc bits provide the index of the currenty s2lectad inemally indexed register. The CRTC lodex
mskru detenmines which CRTC indered ragisier will be accessed when a rocadywrite is performed
using parl address 343

5.3.2 CRTC Indexed Reglsiers

Thc follawing rfgismts are CR'{C indexed registers, These regislars are avcessed by fustwiiliog, the index of the desired
repister o the CRTC Index reglsier and them accessing the repisier using the addeess 35,

L _ .

53,9 CRTC Indexes ..egister 0: Horizontal Total
B0 address = 3#5

Bil Desgeription . ACCess
T4 Total characler imes per horizonal Rw
soan line (-5 VGA, -2 Tor TG A model.

Bit Descriplion
HiL 7:0 The Horizoni Tota) register defines he horizontal scan line tiene by conwrolliag the lengis of Lhe:

west line in character dres waics, The chasacter fime unil is defned by Ts indeasd Rogrsiee L bin (L

5.9.4 CATC indexed Aegister 1; Horizantal Display End
20 pddress = 45

Bit Descriplion Access
Tl Character count of horizortal Rw
display enzble end -1

Bit Description

Tiz G The Horzoulal Dispay Fnd registar Zonlains the 2 wir value of e miernal horzonial chiardci
couner after which the herizenls) display cnzhl perivd is to cnd The bl numser of characlers
displayed per hirzontl sczn line 26 one grealer (han the comients of the anzental Bisplay Tl

U iniEd

5.3.5 CATC Indexed Register 2: Horizontal Blank Slart
L0 addeges = 385

Bit Descriplion ACCESS
70 Characler count ol horzontal Bw
blankirg slil.

Eit Description
B The Horiroesal Blank $1an regisier conlans the & bit vabae of tbe ingernal horiecnial vhasacte:

counter at which I esont! blankang is 1o saan.

FTanuDaw sl
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5.3.6 CRTC Indexed Register 3: Horizontal Blank End

1A address = 3#5

Bit Descriplion Access
7 Test kil Rw

&5 Display enable seew, R

40 Charaeier vount of harzontal blanking end RW

Bil
Bit ?

Bits & 5

Birs 4:0

modulo 32 (BGAY; 5 leasl significari bils of
character count of horizantal blasking end
meslulo 64 (WGA mode).

Description
= neema] miske of operalion.

These bits form a 2-bil intege: the: defines the skew af the horironial display enablz o characler
ctocks as follows.

Bit

] 5 Skew

o 1] O characier clacks.
0 1 1 charagder clock.
| 0 2 character clocks,
! 1 3 characler clocks.

EGAlmode: Provides the 3-bil valus of the interna? horzoenlzl charactar counter al which honeonial
blasking is to end. Since the character counler is an §-bit counter and the Horizontal Ik End is a
S-bitregisier, the upper 3bits of the characier counier ane iguored 1 making this compai sar. This mess
that the horizonial blanking end position is defined relavive 10 the horizonc? blark W S posian; e
firgt time afier the stan of horizonta! blankiog (hal the Florizontal Blank End register maliches the lower
5 bilx of the chasacter counter, horizoneal blanking witl end,

VGP} mode: The Horizor @l Blank End register vahes is increased 10 5ix bis: the free bits wil
Frovide e lzastsignifwant five bits of this value, while the mastsignificanidit s found in CRTC Indexed
Register 5 {Horuconal Syne End register) by 7.

5.3.7 CATC Indexed Register 4: Horizontal Sync Start
10 addresy = 3pS

Bit
TQ

Bil
Bilg 7:0

Tserg Labs,

Description Access
Characier counl of bodizontal syne star, [

Description
The HlsrjznnLar Syr Slan regisicr contamns e §-bel valye of the mwmal feaeonial chamsoter counics
at which horizontal sync (the horizonial vetrace pulse) is Lo sgn.

B

5.3.8 CRTC Indexed Regisier 5: Horizontal Sync End

1O address = 345

Bit

)
6:5
410

Bit
Eit7

Bus 6:5

Rits 4:00

Description Access

Bil 5 of Honzonol Blank End for YGA modss. W
Homizonial sync skow. W
Charscter count of horizonlal syne oed R
mixdula 32,

Desgcription

Figpvides bit § of the Honizonta! Blark bnd value for VOGA oodes.

Thesz bits [ormea 2- bul inceger that defines the skew of the korizonlal sync stegnal tn characwer clocks
as folows:

Bit

£ 5 Skeaw

0 0t O characler clocks.
[} 1 I characler clock.
1 U 2 character clocks.,
1 1 3 character clocks.

Thease bits make up the 5-bir value of the intemal horeonizl charactes cogaer a wheeh honiyonl
spnc iswend, Since thecharacter counter w5 ae B -bilcownter and e sons? syne end 53 5-bar value, the
upgeer thaee bits of the characier counies are ienored in making this comparison This mezans ehay the
honizocial syne end position s defined relaave wthe horizonia! syne st posmzo; te Ty e gher e
sian of herizonial sync ihal the Hneironal Syec Fed segisier matches the 1onwer 5 Inis el 1he characier
counter, horizontal syne will enzt

5.3.9 CRTC Indexed Register 6: Vertical Total
1) adddresy = Ay

Bil
T

Bit
Buts 1.0

Description Access
VA mode: Horeanlal scan lings per venica® Rw
frame -2 {bits 720,

GlA Muode: Honzonlal scan ines per ver icgl W

frame -1 (bis 700

Oescription
The Wertical Tow] register contaies the Tower eight bits of the 11-bil werical Wi vakoy . wlech
defanes the number ol honzonal scan lines per venical frame.

Blote that Bies 95 of the vertizal el value 3 i Cie Orverilow Low reister, aned biy 1)1y 16 the
Civerfliow Hagh ropisier.

ETeuotwedr A1
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5.3.10 CRTC Indexed Reglsier 7: Overllow Low

140 address = 305

Bil Dezcriplion Access
7 Wertical Sync Siar{ (bit 9). RW

6 Vertical Display Enable End (bit 5), RW

5 Ventical Total (bit 9. B

L] Line Compare (Split Screen) (bit 8). RW

3 Yertical Blank Start (hif 83, RW

2 Vertical Syne Start (bit 8], RW

1 Yenical Digplay Enable End (bi1 ). RwW

a Vertical Tozal {biv &), RW

Bit Descriplion

Eiis 70 The Owverlow registar contains ore exira bit for each of five values that cenno fivina single byte,

Bus %8 of the Venlical Toul, Vertical Display Enable End, and Venical Sync St are conlmned in
the Chwerflow segisier, as is bit & for Veriical Blank S:arl and Line Cpmipare.

5.2.11 CRTC Indexed Register 8: Preset Row Scar/nitial Row Address
10 addiess = 3us

Bil Description Actess
K Reserved,

6:5 Byre Panning. R

a3 Initigk raw address afier vereal syec. Rw

T access this regisler in 6845 compatitaliny Rwde, use CRTC Indaxed Regisier 35 for the iepisie:
address {inswead of CRTC {ndeaed Hrpister 1.

ait Desecriplion
Bits 4.0 Define hie row address of the frest saan Lue following vorucal syne.
Bisa:s Conlrnl horzantal byle panning in modes jrogrammed as meubiple st modes,

TEeng Labs, Inc - &2
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5.3.12 CRTC Indexed Aegister 9z Maximum Row Address
1O adddress = 35
Bit Descriplion _ Access
7 Duuhle Scan Enable: 200-to-400 scan line EW
LONVErSIOon.
& Line Compare {Splil Screen) it % R
5 Vertical Blank Sian bl 9. RW
£0 Number of stan lines par characier row -% W
it Descriplion _ . _ R
gil'l' Whe set 1o 1, seLs scan lines w400 from 200, This divides the c]qck in the row scan couater by 2,
cffecively doubling the lmes displaysd by dsplaying ¢very line twice,
Whien el (o 0, reloms the row soun counler ¢lack equal (a Lhe honirontad scan mw
Bitd Bit % of the Line Cmopare $5pii Sereen) regiser,
"Bit 5 Bt @ ol the Veracal Bliny register.
" - '(l ol WOA
Bis4:0 These bits defiae the height io scan lines of each charazter owe, Tuis esod 1o seleci the desirey s2

line fzom the foat charssier beang displaysed

5.3.13 CRTC Indexed Register A: Cursor Siart How Adaress
LA address = 5k

BEil Cescription Access
7 Reworard,

0 Hererezd.

3 I sed 1o cam the cersor of ) f=1 o an {=10;. Rw

:1:1.1 Tz sevw 2ddeess gl which e gursos stares B

being snalcd
Bit Description
Rii 3 Whensel i Lwms the coesor ol

When ser o [), ims the cuesor on.

These bi's coran the vakboe of D inengl oow address courter sl which twe curser iy 1 began e be
erdblod.

Birs 4:0

T . - ) CT A5 A -
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5.3.14 CRTC Indexed Register B: Cursor End Row Addret .

X0 2ddress = 385
Bit Descriplion Access
ki Reserved.
6:5 Cursor skew. RW
4:0 The row address at which the cursor siops i
being eaablad,
Bit Description
BEis 40 These bits contain the row address aL which the cursar is o stop beiig enabled. That is, Curser End Row
Adilress register = last cursor row address displayed + 1
Bitz &5 These hils form a 2-bid integer that defioes e skew of the cursor signal ic characier clocks as
fallows:
Bit
£ = Skew
a 0 0 characrer clocks,
a 1 1 character clock,
1 0 2 characier clocks,
1 i 3 chargcier docks.

In generad, the cursor Iocation Mmust maintain a relalionship witk the display enable signa such that a cueser pesitened al
bath whe extreme lefi and exureme right of the sereen will always appear,

5.3.15 CRTC Indexed Register C: Linear Starting Address Middle
1/ address = 345

Bl Descriplion Access

70 Linear sianing address (<1583 by

Bit Description

Bits 70 This regisier containg bits 15:8 of the 20-bit linear stanung atdress, The linear slarting atdress is e

display memory gddress at which the regen bulfer (ihe arca ol memony scanned by Lhe linear counter for
videodata] beging: the linear counter b5 52010 this value al the start of the vertical frame. The |inear starung
address Can be incremented ar deccemented to perform horizontal characier panning: the AT
horizuntal pixel panning feature can be used for finer horizonlal paaning. In graphics moedes, the lines
stanting address can be incremenied or decremenied by the value of the Row Oilser regisier o pecfonn
smooth (scan line) vertical strollicg, In text modcs, the Luoear staning address can be wsed o perforn)
character vertical scrolling: in this case, the Initial Bow Address register van be used o d)ust, on a s¢an
line hasis, (o snoach- scrall the el

Nede that tuts 1921600 tie hnear starting address are i ke Extended Slart Address regester and bas 7.0
are wn the Linear Starting Address Low register.

Teorg Labs. In ad
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5.3.16 CHTC Indexed Reglster D: Linear Start; A—_ .
WO address = 345 riing Address Law

Bit Descriplion Accass

70 Lincar starting address <74k, Rw

B.H Descriplion

Bits 7. This regisier conwains bits 7:0 of the 26-ic lirear staning address Sce Secuon 5.3.15 Lircar Swrng

Address Middle repisica for details on the linear sur ling address,

5.3.17 CRTC Indexed Re ister E: Cursor Ad i
Hoome ] g or Address Middire

Bit Description Arccess
ERY Cursr sta ndgress £« K= Rw
Bit Descriplion
Bus T % rapi & ing hits |5
4 This repisicr sonwing bits |58 of the 20-bur gurs adidress. The cursor adiress is the Cisplay moiors

address at whuh the cursor s Iovgied B ieat mode.

Nete et bis 200 Gl he Cusan addiegs '
: Gl she oy 5 AR mone Lurser Address Low repisier, and Bip 1Y, 1o are §
vie Exiended Stan Address Register (See Secuan §.3.90, o i Bt acein

5.3.18 GRTC Indoxed Regisler F: Curso
ol g : r Address Low

E:Iit Description Atcess
[HY Curstn star: address {<7:0:, RWw
ElBit Descriplion
13 T:0) urs i 3 W H LI i
The €Cursor Addre ss Low PERIACTCOtaIng bats 720 of the 20-ba cursor ad-ties s, See Secun &, P Cussar

Addresy Middic tegisier for degzls e Cursr adideems
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5.3.19 CRTC Indexed Reqister 10: Vertical Sync Start

10 nddress = 3#5

Bit Descriplion Access

0 Scan line at which vertical sync starts. Rw

Bil Description

Bits 70 This regisler contains the lower eight bits of the 11-hit vertical sync sart value. The ventical sync sian

valut speeifics the value of the internal line counter at which vertical syne (the vertical rewrace pulse)
I8 Lo s1art.

Nee that bits 9:8 of the vertical sync siarl value are in the Overflow Low register, and bit 1 s in Ui
Cwerflow High regisser,

5.3.20 CATC Indexed Register 11: Vertical Sync End
VO address = 345

Eit
?
[

5
4
-3

Bit
Bir 7

BiL5

Bt 4

Bits 3:0

Tzeng

Laks,

e

Description Access
Prutection bit Bw
Reserved.

Enabic veriical intermugk when jow R
Clear vertical intermupt when Tow, RW
Scan linc at which vertical sync ends Rw
module 16.

Description

When secto 1, prevenns CRTC registe:s -7 and 33, fror briag wrilten 10, wak e exgption ol hic 4
of the Owertlew segister (CRTO Register 73 and bils 4,7 of CRTC Indexed Regasaem 35

When sei 10 enables the vertieal miemrupl 1o oocur. IE bil 5 §s sct e 0 and the vertical ingemraps s
cleared, then IRQ will be asseryad wher 5" bocomes oue.

When sctto 1, vertical imerrupls cannol occur.

When st o0, clears the vertical intermupt. 1f bit 3 i Tow and the vertical intermugt is cleared, then
oaiput pin IRCY will be assened when ouui line "VE™ becorses irue The verlical inlerrupt should be
clearcd whenever 3 verlical infermupt occws, before e -enabling inkdrmups.

Thase bitg contain [he £-bit value of the inemal line courter at which he vertical svoo sipral is W
end, Since the line counter is an 11-biu counter and vertical sync end is a4 it value, the upper 7 bils ot
the line counter wre ignored in making this comparison. This means Lhat the vertical sync ¢nd posilian
igdelined relative 1 the vertical sync stant posilion; the first time afer the san of verteal sync thar 1he
Vertical Sync End regisier mazhes the lower 4 Rits of the oz counter, verpeal sy will eni.

W

5.3.21 CRTC indexed Reglster 12: Verlical Display End

[0 address = 345

Bit
0

Bit
Bis 70

53.22 CRTC I

Access
RW

Descriplion
Wurmmber of last scan linc drsplayed vertically.

Descriplion

This regisier cnnising the fower cight bits o the 11-ka vertical display end value,

Nime tha hits 9:8 of the vertical display end waluz 22 i e Overluw Tow regiser, whils bir 1012 inthe
CGvedlow High repisier.

ndexed Regisler 13: Row Offset

L0 address = 33

Eit
EHY

Bi
Bils 70

Access
R

Descriplion
Word memony address offsel berwes the sl
cfawe displagar rove ancl e e,

Rescription

Thus repester specilies (he amowt w be added e internal Lnear counter when advanging from one
screen row 10 the next, The add.tion is pedlormed whenever the intemal row address coonter advsoces
past the masimuom row acdress valie, mdicaung thal all the sean Lines i the presend oow have been
displaved The Row D5zt repaoes propeamansd i zeas of CPU-add: esed wordsperscan hine, counted
a5 either words o doublewoads, depending oawlvlher byle ur word mods 15 o efleg) e TRTC Mod:
egisier s sen oo select bk mdee, the Row Olfselregisioris programmed with 4 wand value, sofor a64d-
pixel(80-byled wide prapk ics disglay, avaie of 50/ = 40¢2§ hex) would nomaally be programmed, wherne
A0 s the number of bytes per scan tine, I the CRTC Mode register is set Lo select word mode, then the
Row Offset register is programimcd with a doubleword, rather than a woed, value, For iosance, in 8
colwmn gl mode, @ val ue o 16640 {28 hesiwould be programmed, becawse frum the CP - addressing
side, 2ach characier reyuires 2 linear byies feharacier cade bywe aed auribuate b, fora wodal of 100{AD
hex} byles per row,

Toeffecs, the Buw OfTset register defines o vinal screen weddh. sohad the physical sereen area could he
considered 3 window onie 3 varwal screcn that has @ saddth defined by the Row Odfsed regsce. The
horizonlal pixel panning feature af e ATC can e nagd witloihis tingar s address e meve horoecneally
arcund & virtoal seresit g thiao the actual screen siee, and e linear st sddezssand 1ke Inilial Row
Adtioess mepeian van be wsed e sereally
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5.3.23 CRTC Indexed Register 14: Underline Row Address

O address = 349

Bit Desctiplion Access

7 Reserved (=0).

6 Doubleword addressing. R

5 Lineqr address coumt by 4. EW

4:0 Row address at which underline signal is RW
0 be assened.

B.“ Description

Bita When sei e |, indicates thal memory addresses beieg used are doubleword addresses,

BiL s When scl to l.cluclss Ll'_u: memory address conmer with e characier ¢ lock divided by 4, used when
dqul:f]-:wurd addressing is usad, NOTE.: When bil 3 of the CRTC Made Register glso = 1, the hrearcounios
will increment twice per charasier.

Bits 4:0)

These bits conain the value of the row address counter at winck he anderline iswhbeenalled. The ATC

ena_blcs undr:rling auribwte decoding and displays the underline whencver the undeeling alnboe is ng
during thal scan line. The underline may be dizabled by setling the Undceline Row Addsess regisier m;
value greaicr than the seating of Whe Maxiisum Row Address register. The value el is cquzl e the sc.-an
lina number reguested minos one,

5.3.24 CRTC Indexed Register 15: Verical Blank Start

110 address = 345

B Description ACcess

7.0 Scan line ut which verlical blanking EW
begins -1,

i Description

Biis 7:9

This repisier conlta.ins bizs T of the tl-bil Veniva! Blank Surt value. The Venical Blatk Siare spesifics
the value of the irtcrmal line counier ar which werrica! bBlanking is o stan -1,

Mote that bt 4 of 1Ihe. Wertical Blank Start value s in the €verflow Low regiswer, and bit 9 ol the Vertizal
Blank Star value iz in the Maximum Row Address regiseer, while bel 20s jo the Cverflow High reg:swr

B I

L[

5.3.25 CATC Indexed Register 16: Vertical Blank End

O address = 345

Bit
T0

Bit
Bits 10

5.3.26 CRTCI

Description Access
Scar: 1me at which veruca blanking ends. RW
Descrplion

This register contain the §-bi1 vatue of the inlemal line counter @ which vertical blanking is o end. Since
the liee counter is an 31-bit counter and the Yertical Blaok Fad is a R-bineegisier, the upper three bits ol
the l:ne counler ar+ ipnared in making this comparison, This means thacthe venical blackingend position
is defined relative to the Vertical Blanking S1art position; the first ime after the swacl of verbcal blankiog
that the Vergical Blink End repister macches the Iovwer § bus (In EGA mote only bics 4.0 are used o the
compamison] of the e coenter, verticat dankng will crd.

ndexed Register 17: CRTC Mode

[0y address = 3%3

Bit

Bit
Bid 7

Bi 5

Bo 3

Descriptian Access
Huld comtral, RW
Word e niode selocl Rw
Alerigie addess line +MACD owpur, R
Faznervgd. 1w
Linegr egunters count by 2. 0w
Line ¢onnier count by . W
Altenae acdiess hne LA T cutpe, W
Aliemgle addizss e A1 curpe: W
Descrption

Wohaen gLt U, plac et all hersortal and verticz| tming contie? cireailty irdu a Lald st
Wohen sen w0, selecty word negds.
When seuws L srlecn bl mdy,

Provides anakernaw value for LA culpwt duing the display cnable penod, that s, the display nocanory
address oz LAG s matoplesed. In word miode, whes tis il i setie 0, the LA cutput o is eeual
10 Lnear coaneer hit 13, When this bik s sel to 1, the LAOG awzput Jine is €qual wo Linciar counter B L3,
In Pyt mode, it Kas ao effect, and linear counter bit [ s always multiplesed o LAGE. Word mode is
Tymcally ased inesn madic.

The reason for salectng s alernare value for LA {3 50 tkai the CRTC display memory mapping
matches he CPU ¢isphay inemory mapmag. In it made, evenodd mode (See Secuun 2.4 7, T5 Memary
Mode reg.sierd is active 1o allow CPU memory addressing 1 matclohe CRTC onganizaton of display
memery. Inevendadd mods 19 CPU A<= ling 15 used waclect berween planc tand plane 1, with plancs
7 and 3 stonng the seft characeer fomt

The CRTE eatches this by shifeng ke linzar ad drecs connwer upone bit befursplazingen the LA 7000
Tinestiele otheduscwsaaoned s, word/byte mods select belaw pand ther g full 16 e of twe characeer
owde e aruisae for a green characier are accesséd in farablel w genersw the charscwer. Consequentty,
1k Lnear councee pevides o disecl salae for e LAK ing. The heples uselud Beear addness counter
vaiue shouid be wrapped o LA, w0 provics the manimenn alddressable memory in est modes. When
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Eil 3

Bit2

Hit 1

Bjtd

16KB per plane is installed, bit § should be set 0 8 0 weap linexr sddress bit 1310 LADD, providing the
CRTC with 16KB addressing. When more than 16K B of memaory per plane is instziled, hit 5 should be
Se100 | 10 wrap linear address bit 15 bo LADU, providing the CRTC with 64KE of addressing.

Externally, the CPL address linc A<ld> or A<16> or a page s2lect bil, shoald correspond 1o the LA
line in even/odd made. In non-evenfodd mode, the CPU sddress line A< should correspand (@ the LALKY
line.

When selb to I, causes the lnear couniter W increment on every other characier clock, ratker than
incrementing on every character ¢lock,

When g1 100, the lincar counter s incremanted on ¢ very characterclock. Thas s typically sssociated with
sityarions where DOTCLK is not divided by twa bt VEOATY is divided by twe and word mode addressing
is selected: the linear counding is divided by two 1o syncheonize e Tincar counters with the ATC video
dalarate. IF VLOAD and DOTCL K are bothdivided by twa, thenhit 3 should not b scito 1. MOTE: When
this bil =1 and bit 5 of the Underling Ruw Address Register alan =1, than the linear counter will inceement
{wite per characier.

When setto 1, causes the line counier o ingrement on every other scas line, rather han incremening on
every scan tine. ThishastheefMectof doublingall vertcal dmings withou affecting any homizontal timings.

When se1 1 Q. the line counter ing:ermemms with every scan line.

Frovides an alternate value for 1A 14 ouputduning ihe display emable period; that is, the display mensory
gddress line LA LY is muhiplesed.

When bit 115 selbe 1, hnear eaunier bis 14 orbut 33, in byt or word mads, respretively, 15 mualaplesed
o LAT4

When this bil 15 se1 10 0, the LA puipu ling s equal 1o row address bit 1, s hat oulof cach group of
four scan lines, scan lines 2 and 3 are adtressed 16KB after the correspand.ng even sean lines and 1.

Provvides an alienaie value for LA LY g during e display enabiz perod; thatis. the display memory
adidress line, LALI, s muittplexed,

When bit G is secio 1, Iinear counter bil 13 or b2 12, i byvte ar word moede, respectively, i multiplesed
I LATS.

Whenthisbitisseno 0. the LALS aurpur ling s égqualtorow address bil 0, sq cach odd scan line s ad:bressed
BKB afier (ke comrespundung even scasling This s used b cmulate the 6845 CRT Contralker used an the
1BM Celor/Graphics Adaspeer.

Teeng Labs
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5.3.27 CRTC Indexed Reglster 18: Line Compare {Split Sereen)
HO address = 345

Bt
10

Bit
Bis 70

Descripiion Awess
Line Comparc. KW
DescHpllon

This register containg bits 7:0 of the compare target, The line compart Larget \-'.G.III.IB specifies the value of
the internal ting counter at which the intermal linsar counter is to be reset (o 0, This means that at e s2an
Ene afee the scan fine specified by the line compars target value the display will reflect the comients of
display memoey starting &l address 0. This splic screen saction will eantinue (o the bodiom of the screen,
and will remain ¢nchanged even if the Linear starting address is chanped.

Note that bit & of the line comparevaloe iscontai ned in the Overflow Low register, bit % is in the Maximum
Row Address register, while bit 10 is in the Overflow High register.

The following CRTC registers are TLE's extended registers. To write o these mg igters} {cxf.tl:!l indives
23 and 35), the "KEY™ must be sct. {CRTC Indexed Regisier 35 is protected by bin 7 of CRTC 11.) Sew
Seotion 5.1.2, Ioput Siates Regisier Zero for definition of “KEY™,

5.3.28 CRTC Indexed Register 30: System Seqment Map Comparator

A0 address = 345
Bit Description ACCESS
73 Reserved. .
4:0 Addressing mode. e RW
P ill.__:,.‘_ N ';I"-/_‘
Bit Description T SIS .
Bis&:0 Thesa bils are compared 10 Usg hast's uppar address hus or decode and ane used (o select thzvideo nindry

segmenis within the sysiem memory map. The defzult value on power-up Tor bies 4:4) is
Bie
£330
e

TS A bus bits 1:0 compare © inpuss SEGE and A<22>, respectively, Uf System Lincar Mode is disabled!,
this comparisan is ANDd with inputs A<21> and <20, which must be low, [t Syseem Lincas Mowde
is enabled, A<21> and A<20> are address inputs, Bits 4:2 are always ignored.

MCA bus bils 2: 0 compart: 1o inputs MADE2, A<23>and A<22>, respectively, IT Syswm Linear ‘\-'IudL
is disabled, this comparisonis ANDed withinputs A<2t>and A<20> whichmustbe low. IfSysiemLincar
Mode is enabied, A<?1 and A<20= are address inputs, Bits 4:3 are always ignored.

Local Bus bits 5:0 compare to inputs SEGL. SEG1, SEGO, A<23», and A<D, respecdvely. If Sysiem
Linear Mode is disabled, this comparison is ANDied with inputs A<21>amd A <20, which most be low.
If Systzm Lincar Mode is cnabled, A«Zl> and A<20> ar¢ acddress imputs.

When the Image Port is enabled, A<22:205 are ignored (see Sertinn 5.8, 1MA Registsr Descriplions, and

3.8, 1mape Pont Interface). Consequently, mazimum systerm linear space as IME.
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§.3.248 CRTC Indexed Reglster 31; General Purpose

/O address = 365

45
Bii Desctiplion ACCass
7 Clock Select 4, R¥
5 Clock Select 3. RW
5.4 Reserved.
3l General purpose. RW
Bit DeascHpllon
Bils 3:0 These biis are providad to the programmer as a generzl siyrage bocation, Anexampile of ils use would he

Bits 67

10 mamuwin conhguraton infovmalion abouwt the vidoo system.

The values in these bits are driven out on the CS«dz and CS<3w pins (sex Section 3.4). Clock Seiect bit
Zis in the CRTC Indexed Register 34, bit §, and Clock Selact bits <1:0> are in Miscellansoons Cuiput
Register, bits <3:2>. These five clack select ines provide seleciion of up 1o 32 difiersnt video clock
frequancies.

Tseng Llabs,

irc

- e

0

5.3.40 CRTC Indexed Register 32: RAS/CAS Configuration (RCCONF; protected by key)

I/ address = 345

Bil
BiLk

Bus &3

Eaz

s 10k

La
Descriptlan Access
Reserved.
HAL RAS & CAS calumn schup Lime, R
RCDRAS wCAS time, 1=3 clock, 0=2 clock, RW
R5P< !0 {3142/ 5CLK, RAS pue-charge ume. W
CSP-=0= ($1+ 13" SCLK, CAS precharge dme. RW
CEW=1 0k (S1+11*5CLK, CAS Jaw pulse-widih. RWw
Description

Frovudes 1-biteotum:n adiress hold me roatrol (Tral). When set o 1, an additinoeal SCLK clock perind
will be added o the RAS low pulsc width and 1o the last CAS bow pulse width of cach HAS cyele . This
will effectively inoreass ie column address hald tme by oge additional 501K clack penod. Mot thathe
RAS pre-charge U will be reduced by one SCLK clock period,

NOFTTE: 1. The A8 Jow polse widih is equal 1o Tred # eflcaw) + {p-10Tcsp + Tral, where s
number of CAS vycles,

2. The RAS high pulse widih is equzd w0 Tesp - Tral

Wwhen se1 1o 1. crases the Tred ¢me 1o be equat o 3 SCLEK clock penads. When set o U tbe Tred dine
is reduced 1 2 5CL K poriods.

R&F< 10, plus?, fomn o programmed value fur RAST RASAgwe-charpe coatrol {Trsp). The actul pulse
widlh ingh a5 equal to the programmed value plus 2 of SCLK clock perad.

TSP« plus 1e81-17, i the L-bit programmed value (o CAS< 30> pre-charge control (1es)y). The
aztaal palse widdh Sigh is cqual we the prepeananed value plus 1 ol SCLE Clock penod.

CEW e 0, plus 1 (8 1+ 13, furm e progrannaned value fon Jow TAS pulse widd conrol {1 cas). The s iual
ki width vabee 1 SCLK periods i dewsmined by aby [otlowiog abls:

COTC 52

Graphics Texl
Mode CAS <30 CASe3. 2> CAS=1:0=
CEW CAS Low CAS Low CAS Low
=10~ Pulsz W d'h Pulze Widih Bulsc Widhh
an 1 1 1
01 2 2 2
14 1 3 1
11 1 4 1
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5.3.31 CRTC Indexed Reglster 33: Extended Start Address

A0 addrese = 345 &
Fna
Bit Description Accoss
14 Cursor addeess bil {=19: 16z, R
30 Lincar stan address bils (<19:16>). B
Bit Descriptian
Biis 7:4 These are hits 19:16.0f the 20-bit Cursor Addrass valus,
Bits 3.0 These are bits 19:16 of the 20-bii Linear Swning Address valus,

5.3.32 CRTC Indexed Register 34: 6835 Compalibility Control Register (protected by key)
1K) address = 345 )

Bit Lescriptian Access

1 6345 1=enahle 6842 compalibibity. EWw

& ENBA I=enable double scandunderline in ATET  RW
compaihls mode,

5 ENX1 I=gnable trasslation ROM when writing RW
CRTCMISCOUT,

4 ENXR 1=gpable trunsiation ROM when seading RW
CRTCMISCOUT.

3 ENVE VSF regisier pon address R
{1=2GES, (=3C3).

2 TRIS 1=mi-saare Qi ETA000AW 325 kw
CulpuL ti-siate pins.

1 C32 MCLK clock select 2+ R

] CMCE 1=cnable manslation of C50 hit. R

Bit Description

BiL7 When se110 1, enables 6845 compalibilily. Several steps need o be taken in order to progean fnr 6825

compatibility, The ET4000/MW 32 internal registers should be programined as follows in oade o fully
emulate the ITRM CGAMDA ar Herrules modes:

A. Loadhe font and st the extermal palews approprizlely Jor the made o be selested
1. color: set 2000scan line mode 3 fors) o boad font,
scl exlemal paletw.
2. mone: set 330-scan hne mode 7 first w0 Joad font,
set enternal paleiie.
B. Sct the appropriate EGAfVGA wblc for the comeel mode (Sec Takle 5.3-51.¢
C. Setbil 7 of the CRTC Indexed Register 34 fur OCAMDA zecuies compatibnlily **
[, Gei the appropriste Display Mode Control regisien (348),
E. Program the 6845 CRIC registers (345, 345; for the compacibility mode 1 be selesied {(CGAMDAS
Hercules). (In color mede, also 3¢l the color register {31400.)

Teting Labs. Inc - G4

b

Hit &

BiZ4

Eir3

Bl

Bil 1

Bif

* Note that the valyes programmecd indo the Miscellancous Qutput Register and TS Indexed Regiswr 7
{relating to the clock and sync polarities) can vary depending on the adapier's clock configuration,
whether or not ranslation is enabled, and the tarpel monitor, The ROM configuration also affects TS
Indexed Regisier 7.

** Otherbits in CRTC Indexed Register 34, in addiuon bt O of the ATET Mode Cararul Register{(3DE}

For doutde scan} _ b
may alse need io be set depending on the warget monitor and whether or 0o ranslanon is el led. :

A driver is neaded 10 select for BGASVGA modres, and, (o in wm, selec for 6845 monnchrome, o 6823
color compatibility.

When set ta 1, anatides the deuble scan and waderling color atteibuies. (Sec Section 5.2 4, AT&T Mode
Control Regisier.]

{Hit 3 for writc, bit 4 for read) when sei 1o 1, disable the RDMEL vutpien whee ar 10 readfwriie @ the
CRIC Data register 385 of MISCOUT reg.ster i performed. Thes allows the extemal Ganslaion BOM
1 be enabled fur the CRTC register. To use the ranslation, external ROM musy be incorporazed. When
secio (), the Transiation Mode is disphled.

When szt ta 1, will set the Video Subsvsiem Enable register port address 1o 26E8; [ = 383,

When seten 1 {Oumut - staie coniral), cavses 2l oulut pins to go o 8 Fi-sine condnicn. The sybals
are as follows; see Sceton 3 ur pin npimbers. RASEY RASA* CAS<U=*, MWB* MW A* M3k,
AB<0:0>, AA<D0>, Y5 HE, AP<T0x, POLK, MES*

Clock sclect 2 (T82), in conjunction wilh the MISCOUT<2:2> clock select bnes (051, C5C) and in
comb:nation with CRTC Indexed Bopistos 31<T:65, provides ug 10 32 viden clocks to be seicced. See
CRTC Indexed Register 31 For more information regarding clock selecs

When secto 1, is used o enable the FTAOMAY 32 1o manslate the clock select his (C51050) {Kex
Sectnn 3.1.1, Miscellaneows Ouipul Regivter ] Alse, doring ENXL set e 1, EMOK is used W selecl U
extemal ranslacon ROM™s map while in 8545 moda fsee Miscelianeous Owipe: Regisler).
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Table 5.3-5 ET4000/W22 6345 Color Emulation Setup Reglster Values CRT Cantrolier Regisie.

. Register Maodz of Operation
Register Mode of Operation Mame Pot  lodex CGA MDA
HNama Por  Iodex LGA MDA CRTC index i -

Mise. Gutpirt a2 - 37 AA Horiz Tat ins - 50 50
. Hor Dis End I [ L] 1]

- Har Blak St aps (1 L] i}
Timing Sequencer Har Blok End iDs O3 20 H

i Har Syrc Sirt iD: 00 0
Regqister Mode of Operalion Hor Sync End s o8 &0 pa(l
Mama Port  Index CGA MDA Ver Tot s 06 TG (4]
TS Index ICa - Creexfloow Low Ds o7 in 10
Synch Reset ICH 0a 03 03 1nit Row Addr s 0§ [yl L]
TS Mode A 01 [L¥] X1 Max Row Addr iDs ] L] L1}
Wriz Planc Msk S a2 Q3 Lik] Cursar Sl iDs Ca {x] L]
Fonu Select 3C5 o3 00 00 Cursor Erd inps 08 o Ui}
Memory Mode 3CE 34 02 0z Lia St Mid anps e [Ly] G
Reserved 3C5 53 Lin Sut Low inps 0o L1 (id
State Control L] & L} o0 Cursor bid ips OF L1 iy
TS Aux Mode aCs o7 48 43 Cursor Low ins  (F L1l iy

Wil Svng St ins 10 N 0
Wl Syn: End EleN 11 0 20
Wri Ihs End 305 12 (LA LA}
Foovw CTaet 303 13 1] 1.4
Ligtarne Bow E13X 14 tF Lo
Wi Klnk S E15N 15 Ly (i
Wrt Blax End 303 16 0o (51
CRTC Mods 305 1T AD Al
Line {'nmprars in: 18 FF T
Cxr'd S0 Add o3 R L8 ¥
Crverflow 1 aps3 35 L] 0o
GLOC Registers
Register Mode: of Dperaticn
Mame Bont dndey CGA MDA
GO Index WE
soResel WF L (W (1)
Fnzkl SclfFes FE oo L
Colr Compare ALK 2 o Li3
THna Rowle 0 i L}
Fead Planc St WE L] o
GIHC Mude icF 0s 10 1d]
Wl ||y WF 6 OF: Ca
Color Care WF 07 1] iy
Bl Mask WFOO8 I FE
Teang Labs, Inc. -' BE | 4 Eracooowar 497




ATC Indexed Ragistors

Ragister
Hama

ATC Index
Palatte
Palette
Paleite
Paleite
Palele
Palene
Palarte
Palatre
Palatie
Palcte
Palctic
Paleus
Fukeuc
Falewe
Paleus
Paletie

Mede Cirl
Orverscan Clr
Clr Pianc En
Hur Fr= Pan
Colur Select
Misce lsneous

Eon

R/W 3C0
R3C1IW 300
E:3C1LW.300
R:3C1{W. 300
F:3C1HW: 300
R 300
E:AC1Mw: 300
RACIAW3S00
R:3CTAW:300
R:A3C1AN 300
RIACIW:IC0
RIACIW:A0C0
B30 wacn
RACT WA
RACLW: 30D
HACLAW I
RACTW: WD
R:3CIW A0
FACTAW300)
23100
R 3C1W 300
R:3C1A% 300
R:3C1AW: 300

Mode ol Operation

LGA MDA
® o0
o1 08
02 05
a3 4.4
] s
7] 0k
05 08
T D&
10 0
11 15
12 13
13 18
14 18
15 1%
16 18
17 1

ZEZEERE
=ERECE

T

.. J—
5.9.33 CRTC Indexed Register 35: Overilow High
140 aiddress = TS

Bit

o A L B

Bit
Eu?

BiL &

Eil

1o

Description Access

verticah imerlace mode (1=enabich EWw

CRTCE or CRTC intermup: select. RW

Exicmal sync resst {pen-ock] the KW

Iinedchr oanter {1=enable).

Line Compare (Split Screen) Bit 0. H

Vertical Sync Start Bit 10, RW

Vertical Display End Bit 10, W

Verical Towal Bid 10 by
RS

Yerucal Blank Stat Bat 10-

Desctiption
When gertn |, will eni
Lol owed by the ever numbered Lnes. thus duubling thecffu

fiening,

Lle the verical imerlace mode whoers the odd-nemnbared liaes will be displayed,
clive yemieas resoluton with the same. wirtcal

When =1 50 1, wili selet the CRIEH or $paite &5 the vortical mterrc.

When ser o 0, will seieet the CRTE a8 the vertoal imlermupl.

pote- Terenallefclonr veriical iatemugt, see Seciion 5.3.20, CRIC Indexed Regisier 11, as 5:4

e S YRR irpultoreset the ETHN0MW2S atamal line and charac e counter

When sct o 1wl enablz :
= interlace mode aclve,

asyncsranonsly, Alsn, the TKN< Ll numuals are redefined as THN<b>
THN<O==EVEN field. For 2dditiuiat deusls sze Seltion 3, 140 pin descrptions.
e SY MR isredefned as Imzge Pun Dam Byie sk i IMAT {1%A Tndexed Repaster FV Ieage Ponl
Faulde, CRTULSmise Enabls, Mo 1w 1 8es Sinen 11/ Fin Deseriplian Tor @ explanating of
SYNR.

Bits 4-0 These aé Bt 1001 the Lina Compare (St S2reen Siaith, Vertizal Syne Sierl, Veruee] Lisplay
Emd, Yertica Tot', and Yerical Blak 4oar values, respectively.
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5.9.35 CATC Indexed Register 37: Vides System Configuration 2 (vSCONF2} (proteciad by key)

®

5.3.34 CRTC Indexed Register 36; Yideo System Configuration 1 (VSCONF 1) fprotecied by key)

140 address = 385 t i [/(r addrcss = 345 oF Mrm"’—{ Ao
3? i e e LR I
LT ah o B :
Bit Description Arcess Bit Description Access :
1 16-bit L0 readiwrite {1=enable), W 7 Boserved, . )
6 Y2 /16-bil display memory readfwrite (1=cnable). W & Tist: 1=TT T imenal 1est mode, R\N'
§ Enable Memory Mapped Registess. B 5 Prigrily tugshold contro! (=mece memory BW) RW
4 Enable system linear map. Rw 4 l(z-l)'anl.'JM enable. R\L:
3 Enabk Memory Managemem Bulfers. EWw 3 Effective Row/Calumn memory address EW
20 Eefresh count per line -1, RW {AB <[, A=), B
2 CASCE Oy, MWE* MWA® definition coatrol, R¥W
1 Reserved,
Bit Description 0 Display Memory daia bus width. W
Bi 7 When sef [ 1 in15A, Micro Channel, and Local Bus e mertuuons, will enahle the 16-Lil CPL
L0 read/write data bus interlace at the DB<15:0> inpur. _
Bit Descriplion o ]
When et 10 0 (pawer-up default conditian) in 154 or Micre Channel implzinentations, wili enable the Bt When setle 1, direcls the ET40007W 32 o internal st mode sel-up. This bitmust sz o aaliother Umes
— —\} 8-bit TPU Gk readiwnils dawa bus interface. For Local Rus implementations, the power-up delault izl fur normal cperain.
Bite When set 10 1 {power-up delauli candtion) in IS4, Micmo Chaneel, and Locai Bus implementalions, Bty When set1o (), will mzrease the ublisatin: of the display memory's basd-widih. Elowever. themenary”s
\___/ will enable the 16-bit CPLU memory readpwrite dawa bus iserlace at the DB< iS00 npr, TESRONES TG will ai50 be metensed. This bit shoudd nomally be set w D For booee perfomarice.
When set (001 in 15A ot Maro Chaneel implementations, wil enzhle the £-hit ©PL memory readfwrtc 'F 1 Bud Wiwm e o 1, coables the 16-kit ROM (:Cl|11'1gu::llmn.fr.l' 154, Micoe CImr-ncL_ and Local Bus _
data bus iniertiie at the DB<L5:0> input. For Loza! Bus unplomenuatiars, 0 will enabie Lae 32-ba CFH i ienplerncniations {power-up delault Tor Tocal Bus). Wacn 524 o 0. cobles the -bie ROM cocligurtion
memory readwrite data bus interface, - —_— Ii‘ furl5 A and Muwcro Channel implem snlations, and 52-bit for Locs] Bus. The follawing table dlustrates the
configuralions:
Hins When sl | (and bil 3 also s2i ta 1), enables the memory mapped regisiess (MM and Accrlerams). See -
Sections 2,10 - 2.1 lfor more information oameinury mspped regsters, and Seclion 7.3 for the eltect this T6-Di 32-bt
hit has gn the Video Memory Map. I5a%CA Local
Buz  [Dus
Bura When selip 1, enables the sysiem lincar na, ie., the videw memory is accessed directly as (a CPL ¥2-biienatlz - 0
. . . - F. " |- 1 1
addresses in an up 104 megabyle arca of phymical memery. rather than via the £4K sepments at Pysacal bt En.:!‘.u ] !
adihess A0ONELO00. H-tm enanle [l
Prwer-up 0 i
Bii3 When set 0 1, evables 1he thizee memory managemen bullers Avcessiag onc of these bulfars wili —_ ] _ ] . o
indirectly aceess the vidzo memory atan oifseudetesnine by the comesponding MU Suase Painlar tq'{_jr‘rr 1116t R()If . “CIDFLCd mll‘ lh':,"SA bus thém ibe RLIM size Shuf'd m.l‘sr,l.,u:' 2K Bt &
regisier. See Sections 2.1 - 211 For morz inlonmiiion oo memory mapped registens, wd Seodon 7.9 i o TS T’:‘l{-'md Register 7: TS Auxiliary Mode must be sel 10 1L sa thar the ROM sirs
the effized this kit has on the Video Memory Map i sl 32K
Bits 20 These bus form a 3-but value equal to e number -1 refrosh per CRTC display lines. . . : : :
Bil 3 Detecrmines the elicctive rowjcalumn memery address, 28 illusirated in e Tallowding talde.
Pragrammed
Bl 3 How Colarmmn
A x4 BE L ARk AB<g U
Aty B Abck
S124 x4 B | AB<9: 0 ARy O
At LA Rl
1ME 5 4 (] ATl YIRS
A Al

AT " T . - T T ET4000WEY - 101
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Bit2 When set 16 1 (power-up candi tion), CA5< 310=* ars the T4 §* gignals tathe Memary with one CAS* 5.3.36 CRTC Indexed heglster 3F: Horizo mal Overtlow
signal per byte of data, ad, MWE* and MW A* are the WRITE ENABLE * signals w the Memary [ address = 345
with one WRITE ENABLE* signal per word ([wo bytes} of data. This is ihe Rev. (- compazible mpde.
When set 0 U, £2A5<3:00% are the WRITE ENABLE* signals o the Memary with anc WRITE it Description Access
ENABLE™ signal per byte of data, and, MW E* and MW A > are the CAS* signals 1a the Memary with 7 Row Cffsel Bir 8. RW
une CAS® signal per word (rwo bytes) of data. This is the WIdi-compatible mode. See Appendia C B Reserved.
for DRAM configuration examples. 5 Reserved.
A Harizontal Syne Start Bit £, RWw
The [ollowing table helps 1o illusiraw the conditions: 3 Reserved,
2 Horizonial Blank Start Bit 8, R
------------- — 1 Reserved (always secwo B,
Bit 2=] (power-up condition) (Rev. 5 compatibility) 0 Horizonial Tl Bit 8. R
DRAM Kignal MD<31:24> MIl<23: 16> MIx 1358 MOi -
Cal* CAS<I>* CAS<I Ca%ci=" ALt
WRITE EMARIF* MWE™ EIWE* BAWA™ MW~ Bit Description
et e Bit 7 Provides 2 ninth kit Lo speoly the amewct o e adced Lo the inernal lineur courier whenadvanciny, frram
Bit 2=0} {W 32i compatibility) ot soreen row to the nezl Sce Seclion 5.3.22, CRTC Lidered Kegiswer 13 Row Gifsel
DRAM Signal MD<31:2d > bD<23: 162 M ]15:E M7 ) )
AS* »MWE* hWE ™ M AT M A Fitd Pravides anintk bilfoe the valwe of e inemal hordgoneil charadler counler &t which horzantal s ec s
WRITE FMABLE" CAaS3r CAS2. CASI* CASDF 1 star. Ser Section 5.3.7, CRTC Indexed Register 4; Hosizontal Sync Stard.
BiL2 Pravides aninth bit 1or the value af he intemna) hurizue 31 ¢ harscter counter alw hich henzontal blanking
NOTE: The W32i mode allows DRAM 10 operats in an inlerlesved fashion The TTAMHKY W 5Zi 18 10 stan. Sex Secuen 5.3.6, CRTC [ndexed Regisen 3t Heonzontal Blaak Starl,
ubdizes the interleave capability and uses the 2CAS* and 4 WRITT. CMNABLE* signal coaliguralion i )
enclusively. ET4000/W32 designs should be configured in this manner (o provide an wpgrade path Bittt Providesaminth bil ¢0 define Uhe barzonia sean Ti tine Sce Section 533, CRTC Indzxed Reysier O
oy the ETA000/W32i, The memaery design maihod uzed on the schematic examples (Sco Appendix Horizonwal Tor!
CYuse four 256z 16 DR AMS, In W32 designs, oniy 2 of these are anstallcd for a totd of IMB DRAM.
With the W32i, two or Tour DR AMs can be insialled, The W3k has two addusonal signals, CASC '

and CASD®, which available on ping 95 and 96, respectively, on the 160-pin W32t packagz.

Eid Degezmines the wedeh rom 160.hit o 32-bt) of the MD<3 10> bi-dircctienal display memory dut bus:

Bitg MDA1LPss  MDe2316>  MDo158> MDeF0- Bus Wb
1 MD<31:24>  MD<2iG M5 MDeids 3z i
o MDD 58> — MD<ii)s i i

— FLAGOGW RS 103
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5.4 TS Register Descriptions

Th:_ CPU interfacs 1w the ETAO0WW32 internal Timing Sequencer (T5) consists of eight readswrite registers, €f these
FCSIETS, ORe regizeer, the TS Indes Begisier, is accessed by a separate independent YO address (3C4). The seinain g scven
registers are inlernally indexed, which means that they are accessed via 2 common 10 address (3C5), with onc of the seven
registers thal is acwally selecied by the TS Index regisier.

Tablg 5.4-1 TS Index Registar

Pan
Regizter Name Address
TS Index Register (ReadWnw) 304
Table 5.4-2 TS Indexed Regisiers
Port )

IS Indexeqd Register Mame TS Indesed Address  Addiess

Synchronous Resct 1] (Fead/ Write) IS
TS Mudle 1 (Read Wrie) 5
Write Plane Mask 2 (Read Write) IS
Font Sefect 3 [Readfiv rie) IC5
Memory Mode 4 {Rradrvriee) IS
Reserved 3
T3 Sute Centrol a {ReadMW e} Rl
TS Auxilary Mode 7 (Read/Wnls) Elow]

5.4.1T5 Index

140 address = 304

Bit Description Access

i Rescrved.

0 Current TS indax. B

Bit Description

Bis 20 Frovide the index of the currenuy selected inlemally indexed register. The TS drndes register determings

which T35 andexed regester will be accessed when 3 readdwrile 15 performed using por adidress 3¢5,

5.4.2 TS Indexed Registers

The lollowing registersare TS indexed registers These repisters are secessed by firstweinng the iwndes o the desined regisier
b the TS Index register and then accessiag the register using address 305,

- R

T

5.4.3 TS Indexed Register 0: Synchronous Reset
120 address = 305

Bil
7.2
1
0

Bil
Bicl

EiLD

Description Access
Rezerocsd.

Swnchronows reset controi. Rw
Asynchronous reser con iyl R

Degcriptlon
Whea sel 40 U, commands the Gming sequencer 13 synchmnousty cl=ar ard haly Totl bic Qand 1 must

be e to 1 Tor the URIRE SCAUSICET [ TU.

Fur coanpratibility, a synchronous resel shaokd be in effect whenever changng ihe Timing Sequenzer or
elock stae. In general, synchronous reser perods should be kept s shors as possible o prevom pussib b
los of dusplay memony data,

When scl o0, commands the Liming sequenser 13 synchrancusly clear and kall When setio 11w
sequencer will ror unless hit s 2w Q)

5.4.4 TS Indexed Regisler 1: TS Mode
[0 address = 3CF

Bit
P!
3

o oo B

e e

Bit
BiL%

Eild

Eni

Ril2

Bull

Descriplion AcCess
Reserved.

Screen off {fasr nndc). W
Shafr &, i

Dxit clocks2, R
Yideo load2. Fw
Reserved.

Timirg sequzncee sLue {ba G Rw

Descrigtion
Whonosen vy b, will doreye blankong on e seresn, allgedng UL aceess o videw memiary oo goinlo g
1as1 rmnde.

When sepwe byowall allawe ke widea shaljee ingmy lgches o b loaded ar quarler rale.

When se) vy 1, provides sequencen clacking arhall the MOLK rawe, known as ol cliw k7 mode. Thas
goneres the dos chock signal an kabf e nocnal rae, effecively halving e pised e provided by U
mster cloch. 1o WOAEGA compatibde opesation, dot clocky2 mods s daed el depluy modes thaba e
320, varthe than f40), paels per sean Line

W sel w1, Joads the vaideo shilter (such as the ATC) mput Lazhes @ balf e video Xead saw

Thus bilas wsed 1o se the wming seguencer stzar value, When sed Lo a f, the T5 15 sei e Stae L ur he 9
dolcharacer cliocks when selio a1, the TS 15 ez w Swle 1, or the B-dot charaoier clock.

BT A ol sty Y e PR
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5.4.5 TS Indexed Register 2: Write Plane Mask

L0 addrexs = 305

Bit Description Access

T4 Reserved.

3 Write ensble display memury plane 1. HW

2 Write enable display meniory plane 2, Bw

1 Write enable display memory plane 1. Rw

|} Write enable display memoey plane 0. EWw

Bit Description

Bits 3:0 The Write Plane Mask regisiar enables or disables CPL wrile accesa wetisplay memory plancs aoa plans-

by-plane hasis, and is ondy useful for 18-calor [plane} systems. Tn 256 calor made, this regislet should be
sclto "0F” hex.

5.4.6 TS Indexed Register 3: Font Salect

140 address = 3C5

Bit Description Access
6 Reserved,

532 Fonl Seject B {FSB<2:0>). Rw
4,10 Font Select A FSA<L0=). RW

Bit Description

Birs 5:0

F54 orTSB (a9 selucted by Awnbuie il 3pis used 10 selacy one of cighi possible soft fonls, providing own
simultaneaus charavter seis fur display,

Baged on the Seleclion hus derived, the font memones are selected 23 Folloars:

Seleciion Bis  Seleciod QOfselin
gl Seqrent Foal Memory
oag 0 {
am i 16K i
010 2 10K i
[N 3 48K
o0 4 BK
101 5 24K
116 6 A0E
111 T 6K

NOTE: Wien ATC Indescd Register , bil 7= is 861 10 1 - BIS regIser 15 nod used. By using FS<2 0o
CC<7ilb, and RA=4:0> a5 listed in Tah7.3-13 4, ¥ simultaneqaus fonls and charscler sens are avajlahle
(BAW}, and 4 and 4 respectively lor Color, A total of 2048 chamcler codes wie available brom wiich ane
couwdd defie § sets of 256 ¢ "s each, 254 194 standard -dlberashiicary number. the FSCC, and R A poisiters
deiing which of the {ons and character sots are beie iz used a4 given ume. 00 ATC Lndesed Regaster 2,
bar P a0, thes register is uscd as s,

Tegng Labs. inc
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5.4,7 TS indexed Register 4: Memory Mode

/O address = 3C%

B Description Access
T4 Reserved, w

k) Enable: Chain 4. W

2 Oubdfeveo mode. Ew

1 Exlended memnry.

1} Reserved.

i Descriplicn ) o o :
ait 3 When sz 1wal, will erakle Chain 4 {lincar graphics) mode, whene allicur :n_crlwner, are chaime dﬂlu:ca.rﬁ_l)
Bil intoa byie-orienied memory array wherehy cach bylewill provide the e1gin bits (2 56-colary I'or m..‘ ]'\cux.d:

When sotto ], cawses the two luw-arder hilsof the adiess (41 and A1) 40 seiecithe plane thal 1> secessed:
A0 Plang
ao 0
al 1
1o i
11 3
When sel 10U, he processus will dCess 26 seguentially inthe bit plane
Eil 2 Whensetied), selects oddfeven made, inwhichoven displey memoy plrt;-_ner._[[] and Dare QC.[.Ii\'E m? dup I.a_l".
I CPU azcesses (o even menwfy addresses (a0-G).white odd memory planes(1and 3=-f"¢ anliveonac ms‘
i :n ey adiresses [AEL) Whensotte | vauses the processeradid sssesto wrils wrddisplay memory
planes accomdng o e Write Map mask regisker.
Eil l When set w1, enabbes selechon anong mulEple fonts, whareone o up ne ghd fons van e seleced (o2

Sewtion 546, Font Selest Regsr,

ETagainwiz - a7
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§.4.8 TS Indexed Register 6: TS Stale Contral (protected by KEY)

LG address = 3C5

Bit Description Access

T3 Reserved.

21 Timing sequencer statc (bit 1 & 2). Ry

0 Reserved.

Bit Description

Bits 211 These bits are used w sl the exlended Uming sequencer state valuz, Tn conjuncton with bit 0 of the 14

Teang Labs,

Irg. -

Mode repisier, the addiuonal staies are psed 1o defing the number of dus per characler in lext moda:

TS

Bi Mods
=21 [ gotsichar
11 1 16
ia 1} 12
al I 1t
[y ] 10
oo 1 5
aa ] g
10 1 7
11 ] [

IMPORTANT: Al CRTC "charscter” iming caleuTations, with the exceprion of 9 dows/char are based ar.
8 dots/char regandless of the bit 1 and 2 of TS Sue Conmo! Register's programmed valye, ’

106

1 )
1&1 August 21, 1992 @ 8:35 am

£.4.8 TS Indexed Register 7: TS Auxitiary Mode (protecied by KEY)
[0 adiress = 305

Bit Description Actccss
7 YGA mude, . KW
3 Selent MCTKS? (I biL 0 ds sot 1o DhRW
5 BIOS ROM Address Map 2. RW
4 Resereed (Setto 1 alwavsl RW
k| BIOS ROM Address Map L. Rw
2 Reserved (Set o 1 always) RW
1 Reserved. )
{ Sclew: MOLKH RW
Bil Description . . o .
Bit7T When sal 10 1. enables VEA pompacibibity. A value of D will cna®le EGA compaibiliiy, NOT= e
ETAMGEY is s o defaull on power-up o YGA MDdC.
BiLh When sette 1, will divide the MOLK inpuat slock frequency b twosf biclhs eyl o 0
Birs 5,3 Thess hits are used far selection of ROM DO address spave.
Bi: ROM BIOS Addrass
ag Wap Scace Allocalioh Tulgl Memory Used
co COOD0-CIETE 16KE
1 disabled KB
1C COM-CSERY, CA3N-CTFFE O3
11 COON-CTERR* JIKY
* Power-up delzalz
RirC When st Lo 1, will divide the MOLE inpat Slock froquency by 4

ETanC0 W32
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5.5 GDC Aegister Descriptlons

The CPU incr{ace to the ET4000/W 32 internal Graphics Data Conmoller (GDC)consists of 11 readfwrile regisiers. OF those
[Egusters, iwo are accessed by scparate inde pendent A0 addressas, The remaining % repistens arc internally indexed, which
reeans that they are aceessod via 2 comman WO address (3CF), with gne of the # registers that is actually aceessod seloclsd
by the GDC Index register,

Table 5.5-1 GDC Repisters and Addresses

Regaler Name Por Address  Ingexed Address
Scgment Selegy | R : 30D
Scgpmenl Seigcr 2 RAY: ICB
GIC Index repiseer AW ICE
Indeaed Regisier Name
ScifReset KW 30F i}
Enahle SeyResel B - A0F 1
Color Comnpaze BN ICF z
Data Rotate RAW . 3CF 3
Read Plape Selec RAY : 3CF 4
GDC Woda RV S 3CF b
Miscallaneaus BAY :ICF 6
Colar Caue Rfw o 3CF 7
Bit Mask RSW 2 30F .3
£.5.1 GDC Segment Select
10 address = 3CRB. 3D
Bit Bit
3CBE 3CD Descriplion Access
o 4 Read seginent poimer (RSP<5:0=). R
1:0 30 Wrilz sepmenl pointer (WSP<5:0=), . RW
Bit Descriplicn

When CRTC Indexed Regisicr 36 (Video Systam Conlguration 13 Lind js st w0, then.

Big

34 1CE A G-bil segment pointer seloets are of &4 segraenls
FERIN¢] {segancnt O to F} for CPU read operetons.

Bits

10 3CR A a-bil scgment pointer sclects one ol 64 segments
30ACh (segment () io Fy for CPU weile pperations.

Tucnable the access of this regdsier, the "KIY" must be sl an Jesst onee aler each FAPEET O Tesei o
syrchronous reset (done by sewing TS ndexed Regisier bit 1=0;.

Taeng Labs, Inc - 114
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55,2 GDC index

[K adddress = E

Bit Deseription ACCess
7k Resarved. .

10 Cwrent index, W

it Description

B 3:0

Provide the index of thecarecntly selactad intemal’y indexed registor. The GO Indux regisier delerm i1|<=s
whizh GD{C indesed register will be arcessed when a readfwrite is prdonmed vsing post addzess 30T

5.5.2 GDC Indexed Regisiers

The remaining (GDO registees are indexed registers, avgessed vy (st woling thz index value i the GUEC brdues regish,
and then accassing the indexed cegister wsing porl wldress 30F,

5.5.4 GDC Indexed Register J: Sel/Resct
LD addeess = 3F

Bit

a

== )

Bit
B 30

Description Access
Heserved,

Scbroset value for map 3. R
Szrfreset value for map 2. R
Szfresel vatue forman 1 R
Safresan value for map (0, B

Description _ -
Each sclmeset bit specihes the valuz in be writen o all hits of the addressed byle of the correspeadung,

memorymagtorplaney, Dtk 3, whenthe segrescoiencucn s enabled for thaimap. (5ee Secuoan 255,
GO Indexcd Bueeister 1.3

ETAary i e - 414
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5.5.5 GDC Indexed Register 1; Enable Set/Reset

I addregs = ACE

Bit Descriplion ACCESS
T Reserved

3 Enable seyneect value for map 3. R

2 Enable setfresct value for map 2. RW

i Enable seyfresel value for map 1. RW

i} Enable set/reset valoe for map ), Bw

Bl Description

Bits 3:0

Lach enable sevreset bil enables or disables the set/reser [unction for the corresponding MER Iy map {ur

Planc), 0-3. When any of bits 0-3 are sef to 0, the seyteset funclion in the correspunding planc will be
disabled. When setin 1. the setfresct funcion wil] be enabled. When enabled, the seyteset funclion SRS

ether a (o FF value in the addressed byt of 2 given plane, depending onthe

sClirese valhe (See Sconon

354, GDC Indexed Register 0). When set/reset is enabled foca Planc, the logical functions (see Section
553, GDC Indexed Register 3) operate on the selreser value for each plane and the kiched data o7 tha
Mane; the biy mask (s2e Secion 5.5.12, GDC Indexed Regisier K1 also i efiect Wher the selfrosen
tunction is disabled, the addressed byt i u given plans is written a5 8 combinaton of latched ] CPU
daiz, according u3 the writz mods in effectand the bil mask, and the sevresct value has nw effect. The sey

resel function has no effeqt in weile mede 1.

5.5.6 GDC indexed Register 2; Color Compare
W addeess = A0F

Bit Qescription Access
T4 Reserved,

3 Color cnmpare value for planz 3 bits W

2 Color compare vajue for planc 2 bits. F

1 Color compare value for plane 1 s, Ew

o Color compare valye for plage C bils, h RW

Bit Description

Bit= 3:1)

The Coler Compare regisier is used in read anode 1w delerming which pixels fran the disgilay memery

location, read By Oie CPU, match 2 specified celor. The d-hitcolbor valas in the calor COMPAre rogister is
compared ta the 4-bil color valuz of sack of the iz pixels, spread across the four planes.

From thiscomparison, a buvalue of Lisrewemed inthe dat byte o the CILL al the position cerresponding
feeach pixel that matches the Cobos Compare register, and (s returmed for each pized thal toes not match
the Cofor Comnpare regisier. In other words, an 8-bit value is retumed o idenlify the conparisen for ;1]

eight prxels.

NOTE:; Buth the Color Congare: asd Color Care registers are wselul only in Uiz “PLANE {16 celors)
sysiems. Inthe "LINEAR BYTE™ (256 culors) Systems, the color coun pare operation showld be perfarmes)

avihe CPL Jewval,

Teang Labs, oo - oy
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5.5.7 GOC Indexed Regisier 3: Data Ratate and Function Sele
10 address = 3T

Access

Bt Descriptlon

15 Roserved. EW

43 Functioa selogl. RW

20 Hotame count.

Bit DESCI’ipﬂOI‘l. . tormed by the ALU en incom:

) ote it ¥
Rits 4.} Sclecr the logical operabion 1 B ose bits thacare enabled by

logical operalion is pecformed on oy 1.h
bits are wiilten as tie baiched w._'aluc: {rcsu_
mask enabled, one of four logical operil
seing the funrtion select as follows:

Bit
oal rafion
g ;(i! OVE CPLU dala thequgh unchanged.
4] 1 AN CPU daza with L hed daks
1 0 QiR €10 Gala wath Latched daw.
1 1 WNOR CPU daw with Laieched dals.

ot that whie mede | may be sed u ] ]
by AMDinguCPL L!ambylcurF[-.OBmgn: }\.{J‘Rm.g_;
1r; 0. The logival luncliors cpeTale an wrile msocs O

These hits setthe number ol Tits ({l—?j by wh_i.:h :
ol ALL for it masking and logicad fundtions

£5.8 GDC Indexed Register 4: Read Plane Select
147 address = 3CF

Access
Bit Dezcription
i Regrved. W
1:0 Fiare selzon
Bil Description

Seleek the mupiory plang 0 F foom which

Bt 10 Bus. i the “PLANE" (16 calois) confipura

i ‘1 d5) oody. Fer those bi
lting frons prevites memady Teads) ! ts 1hat.aré
olnsbrnuvbe performed betwecn LU daa and laeched daca by

Hx . — - - !I:] '|-‘{. L"t"
(TILE: ! daca onecdiSied; the same cifezt cou u
R, LICPL_' daia hvic of{, or by setling the binmask g iseee
g C . ol
2 ard 3 only; tigy are ignoned IR wrile roue L.

b Taldfsls -

ng CPU data and faicled dala. The

1he bl mask regisler; mask-disabled
tsabatare

cuned

CPU dats shoudd by otsted e theright bubors it 1% st
Rousticn it circulas, with bl ¢ lzeding back W haL 7.

the afdresscd Dyte is 0 b read and relurncd arthe ol dan
wns. Only one plane can be read at any one e

1713
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55,9 GEC Indexed Register 5: GDC Mode

1) address = 3CF

Bit Descriplion Arcess
¥ Regerved,

6 Enahie 256 color modc. W

5 Shift W

4 Cddfeven mode, R

3 Read modz. W

2 Rescrved

10 Write mode. RWw

Bit DescHption

Bit 6 When se110 0, permils the loading of the ATC's shul registers 1 be conwollad by bit 5. When sc01o nne,

Lhe registers are Joaded 1o suppont the 256-calor mode,

Bits When sarw 1, enables the ATC's shilt registers 10 shift for piasl formating o support the 320x200 <.
color CGA mode,

Bit4 When st ia 1, 1o selecis oddfeven addressing miode, in which ever maps are sccessed with even
addressesand odd maps aeeacee ssed with 0dd adidresses. The function of this bitis (o determing frum
which display map daia is 1o be rouled o the CPL) data bus on a CPU read in odd/even mode, [f bil
415 land the Read Map Seleer register sclects either of twe maps ina given pair, then te even map
isselecied il address line (s 0, and the udd map isseteed ifaddress lina 0is | Bit2 of CRTC Timing
Sequencer Indexed Register 4 should beseiwn (o sele s odd /e ver mode, to generate all address comrel
other than the read dana seleciion in oddieven addressing mode. Oddve ven addressiag, mode is uselul
Tor text modes.

Bit3 Sclects the read mode. When bit 3100 (Read Mode ), the dacs read from the map indicated by te raad
map: select register (soc Secton 5.5.8, GOC [ndexed Regisierd} is retumed on fiz CPU dsta bus, This is
the narmal read made of vperation. Whenbit 3 13 1, the color comparc operaceniseabled ona CPLread
{See Secuon 5.5.6, Color Cumpare Register).

Bitz 1] These bus selec] the mode in which data bytes ar © be wrinen 1o soreen memary. The wrils modes acs:
Bn Vs

(1.0 Wiz Moitz Sefected ’

00 Write mode 0. Each CPU data byce wrilien o display memary, as modified by the current rotation s ting

{5ee Section 5.5.7, GDE Indexed Reglsler 3}, is combined with the latched daia (ir esch map accorling
w the curtent logical funclion (see Scotion 5,5.7, GDXC Indexcd Registes 3) and written 10 £ach memery
map. The byte writlen by the CPU is passed idemically o the AL for each map: differences in the byt
actually wrien o the scréen may pcour due o differences in the ) comients for diffe rent maps. if the
satfraset funcion is enabled Lor any map {see Secrion 5.53.%, 0 Indexcd Regisier 1), then the soyveser
bit value for that rap (s¢¢ Scotion 5.5.4, GDC Indexed Register 0 is written to every bit o the addiessed
byie of that map regard less of the CPU dawa. The hit mask {see Section 5.5.12, GO Inde se? Repisier 8)
applies in write mode O, and causes |he latch daca alone to be written 10 cach hit that is mask disabled.

ol Write mode 1. The data contawned 1 the latckes is wrilten unmadified 10 the addiessed byte in serevn
nriemory. All maps arc wriiten. This is useful for rapid daw movement from display memory o display
mieanory, s allmapscan be lalched witha single read amd then writien witha single write mde Loperaton,
The bit mask is ipnored, as is the selecied loical function, The seyvesel Tunsicn is alsa ignoet]

’

T

19 Wrile mode 2. Each bit, 03, of the data written by the CELV is extended 1o a byte and writien [ the Io.w
comesponding plancs. Bit 0 of the data byie is extended 40 a byte and wntter w u'm addressed byte of mup
0, bit 1 i5 extended o a byte and writen (o map 1. and soon up o b l, wh.llch is n:u:ndc:d 10 abyte and
wrillen 10 map 3. The bit mask applies 1o 1be data byt for sach map; that is, aller lhs: t_n: for cach map
Trom: the CPU data written is extended 0 a byic, the byte for each map is masked as il il were the CPLU
datz byte, The selected logical function opetates nurmally oa the byle for each map a:mj the latc hiedd data
dor that ovap, The seyreset operation functions namaally, overriding the write mode: 2 bil for 2 given map
when enahled. The datd rotake register has no eftect in wrile mode 2.

Write mede 3, Eiphy bits of the velue contained in the Sct/Reses regisier ae wrillen for each map. R_Ulmml
CPU dala are ANDed with dza from te bit mask regaster (see Sagtion 3.5.12, GO Indexed Register 33
13 produce a0 -bis value thal funclions as the bii mask register does in write modes G and s

11

55,10 GDC Indexed Register 6: Miscellaneous
Iy address = 30T

Bit Description Arcess

Tei Feeserved (= ). )

33 Mem oy map. R

1 Faahl2 ciddfeen mede. R

0 Craph s mcde coaale. R

Bit Desetiption _ ) e

Bits 3.2 Memney Map--Control mapping of Ui Frams Budles inn CPU address space. WOTE: Tits 2475 should
be gt 0 0 when hizd of CRTC Indexed Regrisier 4605 setm U¢linear system).
Sz Seciion 7.3 for the offect this But has on ke Video Mermozy BMap.

Bl When sel Lo 1, eualles oddieven made. will causc iz replavemen of the TP addeess bic D with a high-
creer bil, and Uhe odlieven maps arg "chained” via the CPJ A0 bit

Rl When sel b 1 enskles graphics mode.

FTadusaw iz Trs
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$.5.11 GDC Indexed Register T: Color Care

1A address = 3CF

Bit Descriplian Access
T4 Restrved.

3 Enable color compare color ouipy: 3. W

2 Enable color compare color outpu 2, RW

i Enable color compare color outpa 1, EW

0 Enable cclor compare eolor output . BEW

Bit Description

Bis 3:0

Eal:h‘loi Eenablcsordisablcs the panicipation of the comesponding plane in aread mode 1 codor comparisorn,
Il a bit is 1. then the colqr comparg is enabled for thal plang {see Scotien 5,56, GIX Indexed Register
2: Colm:Ci:-mp&:c). If abitis O, then thes value in that planc hasno effect an the value retnrmned by the calar
comparison.

5.5.12 GDC Indexed Register 8: Bit Mask
[0 address = 3CF

Bit Cescription Access

10 Conuols CPU daa rouling for comesponding Rw
bus of adidressed screca map by, !

/_I’

Bit Descripticn

Bus :0 Ea_ch bit of the Bir Mask regisier cithar blocks the coresponding CPU data bis from atfeeling the value
Wrilen 10 lhc sereenur allows the CPU data bilthrough, A zero (04 value blocks and g ] val e passes CPL
dara. If a given bl_( is blocked, the value siared in that bitof each data laich {one Tor cach plane) s sent
lo the CUITE'SPOU'IiII'lg_ SCICER plarw. Il given bit is enabled, the vaiue in that hil position of the CPU duts
|s.pa.ssz:d to the ALL, where it £an be mined with laiched dala via the sefecicd logical funcuon. The data
will be rotated {see Sccton 557, GDC Indexad Regisicr 3} bedore if is masked,

Tseng Labi. fnc. - 11§ T

T .

5.6 ATC Register Descriptions

TheCPU interface 1o the ET4000/W 32 intermal Aribote Controller (ATC) consists of 23 read,/w rite registers, awd & Seqarate
fip-flop (1-bit register) which can be wegled between index/dala mode. Two O addresses are nscd in cOnjuncinn will:
the index/data mode flip- flop w access te 23 registers as follows: An KO read o the Inpat Status | register {3BA or 3DA
depending on monochrme ot colur mode respectively, as conucllsd by bitQin the Miscellancous Outprat Regisie: ) will mesel
the index/data flip-Mop windex mude, Every O write wil ponaddress 300 will alsologgle the indexiduta Mip-Moprbetwsen
ipdes and data made. The index value in the ATC indea regisier can be rsad wilh U0 address 300 While 1o index mude,
e imdex value can be writea w ihe ATC index register with YO address 300, with the index/data maode Mip-flof ngeaed
1o the data mods.

Hihe 16-bit IO is cnabled. an 1D WORD access 1 port 300 will anlomatically reset the indeafdzta flip-0ap. Allel the 22

indexed megisiers can be read with 140 address 301 While in da‘a mode, alf of tese indexed regisiers can be wrilen U w 13
140 address 3C0. wigh the indexfdata mode Mip-flop iogpied o the index mode,

Table 5.6-1 ATC index Ragister

Begister Name Fod Address Indesed Address

ATC Index repisier R 300 W30 (INDEX)

Table 5.6-2 ATC Indexed Regislers

ndexed Hegicler Name

FPalane R30I W 300 [(DATA) {-F
AT Maale Lo 321 W 3OO THATAY 11
Crverscan BoAC1 W 3CC(DATAY 11
Culur Blasye Enokle B3 W30 (DATAY 2
Harizonwl Fixel Bzanisp R W 300 (DATA) 1
Color Reset BodCl W BT {ONTA 14
Misselancous R0 W D LODATAY [ 4]
Miscelaneors Ro301 W 3D IOATAY 17

ETapco. wiyr 1172
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5.6.1 ATC Index
R : Port address = 3C0
W : Port address = 300 {index/data flip-flop in INDEX mude}

ai
6
5

q4:0

Bit
B s

Dascription Access
Reserved

Faletle RAM address source. B
Currert ATC index. RW
Description

A valye of 0 enables CPU write access to paletie RAM, and replaces all videa outpute with the corlents
of the overscan cegister. A value of | disables CPU wrile access 1o palette RAM and allows ATE secoss
of RAM.This bit must be set to § before the CPU can update any paleiie RAM location. Afier the palzke
RAM 5 upcated, this bitmusc be sef w3 | 5o the ATC can aceess the palewe RAM for video information.

Bits 4:0 Provide the index of the carrenily selecied intemally indexcd rogister.

Teeng Lahs, e - 118
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5.6.2 ATC Indexed Reglsters

The following repistersare the ATC indexcd registers. These repisters arcacressed by wTiung the indez of the desired register
tothe ATC Index segister when the indexsdata Nip-Nop is in INDEX mode, and then accessed using the index valuc ia the
ATC Index Repister, See deiails under previous paragraphs under ATC Regisier Descriptions.

£.6.3 ATC Indexed Ragisters 0-F: Palette RAM
R Port address = 3]
W Port address = 303! (indexflala Pip-flop in DATA miods)

=

T o bR A Do g

Bil
Bils 5:00

Description Access
Beserved.

Reserved.

Secondary red vidan, Bw
Sceandary greensnicnsuy videa, R
Scoondary bus/mona video. [
Primary red videa. R
Primary prees video. Rw
Primaty blue video. Rw

Ihese Ioimernal pale s vegisters define 2 dynamic ranapp.ag beyweea rolors as defined hy [exiannbuics
and graphcs bie maps and the colurs aciuatly paneraled by the videg cireuitry. Exch paleoe sapisier (.15
comesponds woan aimbute, U-13,in the “PLANFET (16 calors) conlgemtion. Four bes 01 bil from cach
plane) o video dita for a given pixe] caters the paleite RAM and addriesses ane of the 16 malulls repisers,
and Lhe &-bi1 value stoced inthe commysponding faleite register is yransforred ko the outpul laich of 1he ATC
o preveide ke acmal pevel Jaa, In Ulineze Lyte™ 256 colers) corgursuon, thass wettsiers shoald be
programeied Lo have coniems the same s the indesed sddiess w " pass throagh” the iaicroal display dana,

Description
Woen solie 1, select the appropriate color amibute, Yhen ssim 5, indizate the appeopnate color g
arzaent.

T Tarrrwy 2=y Ty
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5.6.4 ATC indexed Register 10: Mode Control
R : Port address = 3C1
W : Pon address = 300 {index/tate Mip-flop in DATA mode)

Descriplion Access
SB/5( salect RW
PELCLOCKS. RW
Enablc pixel panning, RWw
Reserved

Background inensily,/blink. RW
Linc graphics enabie. R
Moncycolor select Y
Graphicsfieat select W

SRR ERI T .

Bil Descriplion

Bai 7 Uscd 2o select for the SB and 56 viden bits. When g1 ¥, 5B and 5G are bits 0 and 1, respectrvely, of
the Coler Select Register; a zern (1)) causes them 1o be bits 4 and 3 of the internal pakette cogester. This
1% nol applicabls o linear graphacs {256-colnr modes, for which S8 and 50 always come from memony
dala.

Bil g When sct b | halvesthe rae of pizeloutpat i the screen such thatonly 4, as npposcd o the usual 8, pisels
are output in 4 charscterclock bme. Thigis normally wsedcaly for the 3206200 234-color praphics mode.
For all other 256-golor madzs, wthis b should ke seren 0

B 5 When st 1o one (1), disables pixel pannang whiie in split screen, while a 0 will enabls the Jannung.

B3 When scl 1o 1, cnables blinking in both ean and graphics modes. When enabled i texr mode, blinking
occurs whencver bit 7 of the attribute byre T a given character 35 1, when enabled in graphucs moade,
blinking occurs for a1 birs shat have a |in e imaagity plane. Blinking is perfommed by 10gpling the most
significantaddress o (bit 3y imathe paletse RAM, thusioggling the vadea daws between the kmereight
and upper¢ight paluie RAN egisiers, Thiz means 2t the etfect af the Blink (for exampte, reverss viden
w3 viden, video o high-inensiny video, dark w dak) is complelely programmable. Hi-mapped praphics
medes can be prowrsruned 1o sugport a1l e atribules of eat modes, or msiance.

NOTE: The non-blinking bits will wsc the upper eight palene registers,

When selin (), disables blinking: inthiscase bit 3 of Lhe palsiie FoAM addzess is maltiplesed dienly fuam
the videodala to e paletle RA M. When bil 3150, a1t 1é simultancous colors ae ciatle din praplics mod;
mn wxl mode, all 16 background colors are available simulianepus|y.

Bit2 When sei to ¥, specifies thatin the 9 dotsfcharacier stie {controlled by the CRTC). the mindh {and last)
dot produced harizantally per characer should replicats the eighth dot for chararter codes CO hex trough
DF hex. The ninth dot of atl olher character codes is always § when line graphics is cnabled. This s
narmally used Lo allow theteat modeline geaphic s characiers supporied an the 1H M Monockrome Disglay,
which arc R-dot wide characiers in a §-dot-wide characier box, w canneci, 11 th:s bilas Gand the CR1T
ts sel 0 the S dotsfcharacier state, then the 9t dot will display bic? of Inwensity Memaory plane (plane 35

EiL t When sei 1o ], selecis a monochrome display aunbaic; when solto 0, erables 2 coler display atribuse.

B D When seto 1. enablesthe ATC 10 process he pixel data m graphics mode. when sa1n 0, erablesthe AT
wn process the pixel dats in wsl mode,

) _.

5.6.5 ATC Indexed Register 11: Overscan Color

R : Pori address = 3C1H _
W - Port address = 300 (indeafdata flip-flop in DATA mode)

it Description A::-f:ess

ki Secondary Ineasity border colo. Rw.

[ Secondary Red border color. R‘-'tr

k] Sceondary Greea border color. R‘n’«r

4 Sccondary Blue border colbor. R\’vr

3 Inensity border color, R\Nr

2 Red torder color Rw

1 {ireen border colar, Rw

1} Blue arder coler. RW
This register defings the colur to be disptayed around the peranerer of te working seyeen area {the hardur
o overscan calor),

Rit Descriptian _ _ o .

Rils .8 When set o 1, select the approjwiacs border calarauriliote, cach bit comesponding W oae af 1he SEp

pins. This value is 2 ( for the monochrones display.

5.6.5 ATC Indexed Register 12: Color Plang Enable

R : Port address = 301 .
W - Pont addness = 30D (indexfdata Aip-Fop i DATA mud:

Bit Description Access
T Reaomed.
5:4 Vudoo sLatns Hlort R‘-'e:
30 Enahle plame. B
Eit Description _
Bits 5:4 These kits select ywo of cight ¢0lar outpuls @ be rewsrcd by 1he SLatus regisier, 18 fodlows
Input Status Register 1
Rit Bit
2 4 3 El
& 1 PE PR
0 1 S0 ]
1 0 Fl 3w
1 1 5l R
Bi=3:0 In “PLAKT (16 coburs) canfiguration, the calus glans iekiee gach of wits (-3 &5 cnanbed when 1

appropriale intevidudl Bits are selueonz ks .1 2,5 pentrol the crabling of planes 0,1 A iespeciivels.

ET4aQarw3az
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5.6.7 ATC Indexed Regisler 13: Horlzontal Pixei Panning
R : Port address = 301
W Part address = 300 (index/data flip-Aap in DATA mode)

Blt
74
30

Bit
Bus 3:0

Descriplion Access
Reserved.

Horizontal pixel panning. RW
Dascriplion

These bits specify the number of pixels by which the viden data should be shifted o the left. Shifis of ua
kr minz pixnels are supported. Mute that in 9.douinodes, a value of § signifies no shifl, and the values of
-7 signify shilts of i-8 pixels, respectively,

NOTE: In 6- and 7-dot modes, values of 2 and 1, respeclively, segnily no shift

5.6.8 ATC Indexed Register 14: Colar Select
R : Port address = 3C]
W Pod address = 3C0 ¢(indes/Cats Mig-Mop in DATA mode)

Blit

74

3

2

1

0

Bt
Bis 3:2

Eis 120

Description ACCess
Reserved™ -,

5 _volor 7. l| RW
S_coinr . B

S _ecolor &, By
S_colur 4 Rw
Descriplian

Providc the rwtrhigh-arder bits ifibe exported dipual calar value in plane sysizms. With 256.color praphiz
moides, the 8-hi atiribale value becomes the 8-bit digiia! value cxponed from the chip.

Available for replacement use af bis S and 4 of the anribe palelte regisiers, Brming an f-bil valuc for
<alor 1o beexponed from the chip. When bit 7ol the ATC Mode registes 1sse03o 1, bits 1 and 0 are selecied
45 5G and 5B ouipuls of the plane sysem.

]
) 1
5.6.8 ATC Indexed Reglster 16: Miscellaneous (protected by KEY)

R : Port address = 3C1
W : Pont address = 3C0 (index/data Mlip-Flop i DATA mode)

Bit Description
T Bypass the internal palclie. RW

& 2-byie chiaracter code enable. W
524 Select High Resolutionfeolor mode. W
3z Roseoved.

1 Prnes extemal DAC, W
Q Proteot border, W

Bit Descriptian .

Bil 7 When 521 [0 1, causcs the inwemal palette to e bypzssed (effectively, the outpat value equaly the ingn
valus), )

Hilg When sl @ 1, enables the A TSE bit{atmibate skew). This isused 1o ecablca 2-byte Character Cude (U0)

featare. The ATSE Bit will be veed to compensate the atdbuwe (ATTY Dusplay Taablz {Dk) and Cuwisar
Skew. Therofore, no excernal hardware carcuit is nesded for ATT, DE_and Cursor SKEw COMprnsato.

¥ For the first font feteh (e RASBL and CASL=3:2> DRAM access cycle) of each scan bne, the
fD<3 116 font deta arg ignored.
* Thefirstorsabseguent Charaeler Codes {CCO0r CCL, CL2, etr dshowd be lched by the extemal Circud
and this Characler Code should remain laiched unil the nexi fonl frich cycle.
* The second, orofd, Characke: Code (CC 1 or CC3,CCS ete vand the previausly lazched even Clasalicr
Code (CCMar CC2, 004, eie, pretal of 16-bit Character Codes should be lawhe dat the beginning o7 s very
aven font fetch cyele via ranzparent latches.
* |fihe curmenl OO is ot an Fnglish characier, then ke fond daa (MD< 30016 will be ferched sccording
w0 the 16-bit Charaeter Code (e, the external EPRGMs are enabled), ke 1he DRAMS font {which
conns the VOA'S font) are enpliled.

* I 1he last character fonl of the s2an hine 15 2 24- bit wide fontane heguns wl @n add colomn, ther ol ;
hall of the fort (12-dod wall be doeplayed. R
Bis 5:4 These bits, in combination, select nermal pawer-up S-hitper PCLEK or clse 16-bit per PULK (AP 1 500

ourpLe. Nowe thar Lo sapport ET4000 Fev. G's high color mode, conligure CRTC a0d ATCw E bipr
mused {250 colr modz) and clock AP<T 0 with doubie-clockog.

Bil

4

114 Neormzl power-up delacit 3-Divcleck)
10 16 but e clack mede

1N Reserwd

It Remesrvad

Enl When soq o L, dhsahles O writes 1@ BExtgrnalfimzrnal Falete RAM, Normal power-up detaull s s2;
ik

Bull When se1 i 1, dusahles L0 writes o Overscan Color reg.seer Bits < 3:0» - Normal power-npdelaal: is 52
(]

I FelaTa N L] L=kl
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5.5.10 ATC Indexed Register 17: Miscelianeous 1 {protectad by KEY)
R : Ponl address = 3JC1
W : Por address = 300 {indensdaia flip-Bop in DATA mode)

Bit
1
&0

ail
Bit7

B 7
BiL6
Bics
B4
Eni

Bus 20

Bus 1:5

Descriplion Access
Redelipe aitribule (SMAE). RW
Reserved.
Description
When st 10 ), proteets the imermal palet: RAM and is used w0 redofine the awiboie bits ag follows:
Monochrgme
Attribute
7 Normal/reverse video
B Full/half imensity
3 Characier visiblzfinvisible
L] Underlinc oflon
3 Blinkang offfon
2:0 Font select

When set to 1, enables the reverse videa arribale, When sette Q. displays nunnal video

When sclw |, changes the character intensety ke balf. When set w0 0, displays full imensicy.-

When selLia 1. disablescharactsrs [rocm being displayed. When ser1o 0 enabiles rormal characicr display.
When st ta 1, tumns the underling 2nribute an. Whea set o U, enables normat character display

Whan sl 10 1, yras the blinking sitribute on, When st o 0, enables nonngl character displey.

Used 1 select up 1o eight simuliansous soft fonis and gy eighl sim allaneaus churacter sews for dispiay. Sce
Tahle 5.7-4 CPUACRTC Addressing Modes, notz4; bils <2:0> here corespand wFS< 2= inhe wble.
{When ATC Indexed Register 17 it 7 is s¢1 101 TS Indered Regisier 3: Font Select is nal used.
Pioie that (0 pet the aticibuies indicated huere the ATC Palete RAM regiseers 0-7 must be propramuned

00061808 0where O=off, 8<half intcnsity, and 18=full inensiy, and Elinking shouid be enzbled (via
ATC indesed Regisier 10 b3,

Color

Aftnbute

b filw &

7 Background red

& Background green
5 Barkground hluz
4 Foreground red

3 Forcground green
? Forepround Tlue
10 Funt selact

When el o 1, are used 0 setect hackground colers of red, green, wind blue, IESPCCHVEY,

When sct (o 1, are msed o select Faceground colors of /d, green, and bloe, respectvely.

Used to select op Lo fowr simubancnus solt fonts and ef W four simultancous character sels lor display.
BiL 2 is not wsed [or fant setect For calor operation_ See Table 5.3-4 CPUACRTC Addressing Modes, nale
4, (When ATC [<7= is 56t o ] T8 Indexed Hegister 3: Font Select 15 poLused )

Mote that Lo get the auritates indicated here, the ATC Palens BaM regtsters §-F should be seLoqual o
regisier 0-7 (registers O-7 containing the normat raage of calors), and bliking should be disabled {via
ATC Indened Register 10 bin 3). Also, the underune register (CRTC Indexed Repister 14} shouid be
set »= Lhe character heiuht.
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5.7 CRTCB/Sprite Register Descriptions

ndex  Ragister
B0 CRTCB/Sprite Horigonwil Pizel Positan Low
El CRTCB/fSprite Horzomal Pixel Position High

E2 CRTCB Width Low/Sprite Horizontal Preget
B3 CRTCB Width High

E4 CRYCB/5prike Yertical Fixet Position Low
E3 CETCB/Sprite Vertical Pixgl Posilion High
Es CRTCB Meight LowsSprite Veriical Preset
E? CRTCB Height High

ER CRTCEB/Sprue Sarting Address Low

E'# CRTCB/Sprite Staning Address Middls
E4  CRTCESpre $atting Addrcss High

EB CRTCB/Sprile Row (Tsel Low

EC {RTCBYSprite Row OfTzel High

Eid CRTCE Pixel Panning

EE CRTCE Color Depth

EF CRTCE{Spre Contrui

The CRTCB/Sprue regisiers are accessed using an mdes ed addressing scheme wherelyy a number selecting a register is Firs
wTittern 10 address 21xA (ladex) and then the [Cgimer cin be read Moo or writlen m 20 address 21s8. The CRACBSprine
registers usc indices GO through EF,

The Index Register al addiess 21xA is #lso nsed 10 addcess the IMA tndexed Registers, ses Seclion §.8 (or deails.
Thevalueof 's' inthe addresses 21x A and 215 R isdetermined by the logical value uathe IOG<2:1> pins of the chipat power-

upreser see Seclon ¥ for details.

5.7.1 CRTCB index Register
1O address = ZIxA

Bit Description Access

0 Indesed register seleor Kw

Bil Deseription

Bug 740 This eegister is vsed w select the CRTCH/Sprite indexed regisior Uhat is avcesscd when address x5 &

read or WTiLle,

Tseng Lads, Inc - 176
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5.7.2 CRTCB/Sprite Hor[zontal Pixel Positicn Low (Index: EC}

A3 address = Z1=B
i Description Accass
70 Horizontal pixel posinon, bits <Tik i

5.7.3 GRTC B/ Sprite Horizanta! Pixel Posltion High {Index: E1)
L address = 2ixB

Bit Description Actess
7:4 Resered. »

340 Henzoniat pingd position, s <118, LA

Bit Descriplion

Te Hurizonial Puel Fositicn i the pesidion in pizels of te leNoestedpe of the acuvely dasplayed portion

it TR : : h displeye
o of the CRTCE windew ur Sprie, reladve torhe lefimast edpe ol e CRTC Acuve promure ara.

5.7.4 CHTCE Widlh Low/Sprite Horizontal Preset {Index: E2)
I aldress = 21aB

Bil Descriplion Acn_:ess
70 CRTOB width, Bias « 0= /5pnte horieontal prerer,. BW
Bit Description

When the CRTCB is selected {wih CRTCRSSprine Indered Register I_EFF _IJil H]_. _this Tesler Cunlsms
Lits <700 cf the 12-bitvs lue detung the widih of the CRTCT wendew in pinels. The valee leaded slundd

L 1 less than the desired wadih.

Bils :0

When e Spraiz s selecled, bis <3:0 spuci [y the Horizontal Pisel Prescl Thn i thi horizonial pusiticin
relative @ the bagumung of Ue sprite arsa a0 which display of the sprize SLrEs. 1 .hc_.f..p.r:llc Aoty nol wrap
and always ends 41 posinan 63, See also Seclion 2.7 Secendary CRTCSprite (CR res).

NCYFE: Programmsng of the CRTCT display arvsmugs: wonexzoed the bosfarses of the CRTC {pimaryd displayarea. This

resincticn dues oot apply when the Sprne s onakled
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575 CATCB Width High {Index: E3)

VG address = 212B

Bit Description Access

14 Reserved.

30 CRTCB width, bits <11:B>, Kw

Bit Descriplion

Bus 3:0 When the CRICE is selected (will: CRTCB/Sprite Indrxed Regtster ET, bitd), this regisier containg bits

«<11:8x of the 12-bit value defining the width of the CRTCE window inopizels, Tlw value loaded should
be 1 less thun the desiced widh,

MOTE: Programming of the CRTCB display area musinot excesd the boonderies of the CHTC {primary) display area. This
resingtion does not zpply when the Spride is enabled.

5.7.6 CATCE/Sprite Vertical Pixel Posilion Low {Index: E4)
10 address = 2158

Bil Description Access
0 Vemical pinel position, bits <7:0=, Rw

57,7 CRTCE/Sprite Vertical Pixel Posiion High {(index: E5)
LG address = 21zB

Bit Descriplion Access

74 Haserned

kR0 Venacal pixel position, bits <11:8>. EwW

Bit Description

Bits 11:00 The Viertical Pixel Pos:Lion i5 the posiom inscan Loes of the iopmostedge ol de aco wely displayed porion

of the CRTCB window or Speite, relative @ the mpiost edge of CRTC actve picire area,

Tsanp Labs, Inc. - 123
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5.7.8 GRTCB Height Low/Sprite Vertical Presel {index: EG}
T addsess = 21xB

Blit Description ) . Actess

70 CRTCE height, bits<T:0>/Sprie Vertical Presci R

Bit Description . o . il

Rits 70 When the CRTCHE is selectsd {with CRTCR/Sprae mdexed Rrgister EF, il O, |J1..',5 riprLRLET LM TS L<
70 of the 12-bitvalue defining the heighnof the CRTCB windew inszan fines. The value loaded show. 3
be 1 leas than the desired height.
When the Sprite 18 sclected, bis <5:0> specify the Veriical Pizel Presct. T]lal.IEP the \'EJ.T.LL:H] p:{:siljuu
relative 1 the beginning of the G404 pixcl sprie arca 2t which display of the sprile staris. The sprite das
notwiap and gheays ends at positon 63 See alsn Seotion 2.2 Secondary CRTCSpue (CRTUE).

NOTE: Progeamming of the CRTCH display arca mustnot exesed e boungaries of the CRTC (priraary) display arcs. Ths

restriclion docs ot apply when the Sprie is enabied.

5.7.9 CRTCE Height High {index: E7}
0 address = Z1xB

Bil Descriplion Acass

T4 Hesernd .

R CRTUR heght, bais <hocBs W

Bil Description _ o . o
Bus 3:0 Whon the CRTOR s selecied {#ith CRTCB S prite Indox d Register FF. bit (I3, this repister conbaing T

<i 18> afthe 12-0i: value defiiap the heiphtof ke CRTCR window in scanlings. The value Bnaded shocls
b 1 Degs ahan the desired heighi.

NOTE: Programming o] the CR O display ereamast noteaeead the bondacies of the CRTC (umany displiy arcs. Th.

restricion docs non apply when the Sprive is cnabled.

.. - - - ET4020% 37 - 144
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5.7.10 CRTCE/Sprite Starting Address Low Register {Index: EB}

O address = 21xB
Bit Description Access
70 CRTCB/5pris starting address, bils <7:0>. RW

5.7.11 CRTGB/Sprile Starting Address Middle Register {Index: E9)
VO address = 21aB

Bit Description Actess
T CRTCB/Sprile staning address, bits <15:8>. Rw

5.7.12 CRTCB/Sprite Starting Address High Register {Index: EA)

L0 address = 2128

Bil Descriplion Access

T4 Reseread,

30 CRTCE/Sprie siarting address, bils <1916 R

ait Cescription

Eiis 19:0 Thesc three registers dofine a 20-bit offscl into display memery at which the CRTCESpre pixel data s

located. The swuning addrzss is inzasured in doubile werds, soif the dats resides a0 byte aduress 256, then
avalue of 64 (e, 256) should be programaed imo these regesiers.

5.7.73 CRTCB/Sprile Row Cfisel Low Reglster {Index: EB)
L0 addrese = 218

Bit Description Access
T Mernory address ofsel, bits <70 W

5.7.14 CRTCB/Sprite Row OMsel High Register (index: EC)
140 address = 21xH

Bit Dascription Access

T4 Heserved.

LRI Memory address offser, bits <1128, W

Bil Descriplion

Bis 11.0 These 1w registers specily the number of guadwords hewsen thy start of one row of the CRTCR JLacl

nuap w ke start of the nexl row. This ficld MUST be pogoamngl 1w 2" when the Spric s cwbled.

Tseng Labs, Imc - 13C
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5.7.15 CRTCE Pixel Panning (Index: ED)
O address = 21xB

Bil
BEn7T

Bit&

Ris 20

Descriplion . A{c_}cess
CRTCB/Sprite last scan line. R
Drisplay enaiic. RO
Reserved, o

CRTCD pisct parning.

Description _ ) _
When hFl,gh indicales the lusl scan line has been displayed for the CRTCB/Sprie.

This but refects real ime staus of the BUE pin {S20 Section 37,0 for CRTOBS Dote.
the video data shoald be shifted w the Jell Shifts of

This value spesifies the nuraber uf pixels by whic vifies no shifl, ami 1he vaes

up 1o nine pixcls are supporeed. Nuje that in Y-dot modes, a value of 8 sig)
ot O 7 signidy shifis of 1-8 parels, respecively.

w2
A:ea (CRTOM

CRTCE:Sprile Last Scan Ling

i
e .

7 Display Enable '”“'\
. . .

iR WEeltial Pres. Fasitaar

HEP: rortzaram. Fooel reaivizo FIT. Helgne

Wil wiar

CREICR Window Fositirning
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5.7.16 CATCB Color Depth Reglster {Index: EE)

10 addrese = 21xB
BH Description Acress
T4 Vertical zoom factor RW
K] Resorved..
30 CRTCB biws/pixel select RW
1] Descriplion
Bigs 76 The value of Lhese two bits determine the numher of 1imes the line iz repeated.
Bi umes line
1.6 repealed (no. of Lmes sach ling i relicaled)
0o 1
01 2
10 k|
11 4
Bits 2.0 This value selects the Calor depth fur the CRTCB. Comdbinazions for color depth beyand 16 bisspixel arc

curently resmrved.

Bi

1210 Biypisel
onod
oOal 2
Go1eH 4
ool 8
n1oo 16

1111 Reserved

Y
T
%.7.17 CRTCHB!Sprite Cantrol {Index: EF)
170 gddress = 2128

ait Description Access
T2 Rustrved,

2 Speite size control, RW

1 B pixel overlsy/B pixeldals oulpot Bw

[} CRTCB/Spriw selecl. HW

Bit Descriplion

Bit2 When set 10 1, 521 sprile 5ize 10 128x 128,

When set to 0, specifics spite size af ot
Bitl When sel o 1, specifics that the CRTCB pixels eveilay the CRTC (ic., nonnally displayed) pisels.
When set 10 0, the CRTCEB pinet daia {2-hit sprited i5 autput 1o the P10 pins.

B} When set 1o b, selects thz CRTCE funcLioning.

When sl 100, sclzcis the sprife, 5o also Seclion 58,5, 1MA Indexed Repisier Fi.

ETACOCANEE - 102
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5.8 IMA Register Descriptions

5.8.2 IMA Indexed Register FO: Image Starting Address Low
10 adidress = 21D

WA Indexed Registers
Bit Description Access
Index  Register 70 Imape starting address, bits <740 RW
R [rage Starting Address Low
F1 Image Starting Address Middle
F2 Image Swaning Address High
F3 Image Transfer Lenpth Low
F Image Transfer Length High
5 Image Row Oilsel Low
ﬁ Image Row Offser High 5.8.3 IMA Indexed Register Fi: Image Slarting Address Middle
Tmage Port Contral L0 address = 21xB
5.8.1 indexed Addressing Bit Description Access
T Image slarting address, bits <15:8. RwW

lhe IM.-’.k r;:lgis;erls a:jrc aroessed using an indexcd addressing scheme wherehy a number selecting a register is firso writen
Rimgh F:‘:' {Indca}and then the regisier cam be read from or wriller 12 2t address 21xB. The [MA registers nse imdices
The Index Regizer al address 2 1xA iz alan used (o address the CRTCBASpre Indered Regisiers, see Section 5.7 for detnils

il . '

Thevalucol x"inthe addeesses 21x A and 217 isdctermined by the logic : i ;
; g wikhe lopicel valuacn (e IOD=2 he -
up reser; sor Secrion 3 for deails, ’ * Pinsalihesipalpawer

I

5.8.4 IMA Indexed Regisier F2: Image Starting Address Righ

1A address = 1B

Bil Description ACCEsS

T Reserved.

kR Inage siarcng acdress, bils < 19: 16>, Ew
i
I

Bil Description

Bitg 15:0 These three registers define a 20-bat oifset o display mumory 2t which the Imzne cats is 1 be sired. :

The stactng address is measured in double words, so i the duty is 1o e seeced al by address 256, thon
a value of 64 (e, 25047 shoull be programmed inbe these togisters.

: — ETAACONTY 05
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5.8.5 IMA Indexed Register Fa: image Transfer Length Low

10 address = 2158
Bil Description ACCESS
T.0 Image widih, bits <700 RW

5.8.6 IMA Indexed Ragister Fa: Image Transter Length High

10 address = 21xB
Bit Description
Acces

74 Reserved. ;
30 Image width, bis <11:82, i5'3
Bit Description
Biws 11:0 These bwo registers defime -bi (-] i i

g gusters define & 12-bir value wlich is the nrumbser of dachlswords o be ransterred per san

5.0.7 IMA indexed Register F5: Image Row OHset Low
WO address = 2]aEB

Bit Descriplion Access
T8 Memory address offset, bits <7:0:. W

5.8.8 IMA indexed Register F6: lmage Raw Qffset Hi
L address = 2{xB ¢ an

Bit Descriptian Access

T4 Reserved.

30 Memaory address oftzer, bits <11:8>. W

B_il Description

Bits 11:0 These two registers specily the number of dothleworis botween the St of one row of te

data and whe stan of the next row.

sang Labs, Ipg. - 136
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5.5.9 IMA Indexed Register F7: image Part Control
140 Address = 21xB

Bit
Bu7?

Bit 1

Bir i}

Description Access
CRTCB/Sprite ensble W
Fescred.
Interlace [mage Por adiress. B

Ry

Imsge Porl enabde

Description . ]
When seia 1, enables the CR TCB or the Sprite, whiche ver is selected in CR1CB/Spriic Tuleaed Regisier

EF, bil 0. When st to O, disables CRTCE ar Sprite. AT resed. this bil has a valoe of .

When 5o 10 1, enables oddfeven interlace ransfer. When set 1o 0, enables o inerlace ransfer 5o
Sectinn 2.2, 7 [or addilional infoemadion, At resel, this bic has 3 value ol 0.

Wihen st [ engbles the Image Por (See Section 38 lmage Fort Tnierface for shared gin inlornasan.)

When sei te (8, disalles the Tmag: Port, meanieg thar all che inputs tathe fiage Por are ignared anc 1e
mins assume their alternate fanctions, Ar resel, this bit has a value of

CTaaoDanNaz - 1



W

5.8 MMU Register Descriptions

Sea Section 7.3 for the memory base address for the MM U registers. The ofTser in the table below is added o the base addresy
10 calculate the actual address of the regiswer.

Manmcry

Offset Begisler

m MM Memory Base Poinler Register O
o MMU Memory Base Poiter Register 1
08 WU Memory Base Pointer Register 7
13 MMU Control Register

5.9.1 MMU Mamory Base Pointer Reglsier 0
Memary offset = (X}

Bit Description Access

22 Feserved.

210 Memory base painter. RW

Bit Description

Bus 21:0 The base pototer defoes the staning address in display memory of ML apeiue nember 0.

5.9.2 MMU Memory Base Polnter Register i
Memory cfizal =04

Ei Description Access

K1 Bl Keserved.

o Memery basc poinic:. R

Bit Description

Bis 21:0 The base pointer delines the starting sddress in display memory of MMU aperturs number 1.

5.9.3 MMU Memory Base Pointar Register 2
MWamery offaet = O3

Bil Description ACCESS

L2 Reserved.

210 Memory hasc poicier. RW

Bit Degcriplion

Bis 21:0 The base pointer delines the starung address in display 1oemoey of MWL apenore number 2.

)

T

5.9.4 MMU Control Register
wemory offsat= 13

Bit
7
64

3
2:6

Bil
Rils f:2

Bis 20

Desecriplion Access
Keserved
Linear Address Cantrol (LAC), RW
Reserved.

Ew

Aperture type (AFT)

Descriplian o .
There sope Lincar Address Contro) bitfor cazl WML apenure. Bilg ol thisre gt corresponds e MU

aperture 2, bil 5 10 aperiure 1, and kit £ 12 aperiure 0
When 52t m O, the memory is erganized scrording io the coment Jisplay mudy

When sct w0 b, the memry is aegznized in Jinzar fashion. The elfacr is s 1T te felloe NE regisnes
mod:Fialicng were made:

Tsl=58==1111
TS4<=1

GIM 1w h:0==(0)
e r e RIEE T (]
G530

Yl L T
GECGclz=0

GO K< 11111111L

for eath M apeature, Bic2 of this regaster coreespunds 1o MM upenure

- . T 1 h',_ .
There s ous Apertare Ty B e

2, bt Tapapemare 1, und Lic (1o aperiere 0. This by imdicates whethe: angperiure ks in "anse
o1 ot

When so1 1o 0, access pecgh tars WAL e nee is mowed througn e TR w dusplay MeTIo

Wheit sel o |, access through this MMLU aperture 13 couied o thi acceletalor

El2Chiiwi32 - 133
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5.10 ACL Reglster Descriptions

See Section 7.3 for the memory base address For the M U regisiers. The offsetin the table below is added 10 the base address
to calonlaw: the actual address of e register.

Memory

REBSERSYFREBES wyenwe E

BRegisier

Non-Quenesd Registars

ACL Suspend/Temninale Regisier
ACL Operation $tale Register
ACL Sync Enable Register

ACL {merrupt Mask Regisier
ACL interrupt Status Register
ACL Accelerator Siatus Regisier

Crucued Regerters

ACL Fatiern Address Regisier

ACL Sowrce Address Regisler

ACT Patiern Y Offse1 Regisier

ACL Source Y Oflser Regisier

ACL Destination Y OMfset Repister

ACL Virtual Bus Size Register

ACL XfY Direction Begister

ACL Paiern Wrap Ragister

ACL Source Wrap Register

ACL X Posilion Regiser

ACL ¥ Position Regiser

ACL X Count Regisier

ACL Y Count Regisier

ACL Rouling Control Regisier

ACL Relaad Conmol Register

ACL Background Rasier Operation Regisier
AL Forcground Rasier Operaion Register
ACL Destination Address Regisier

-

R

I

Bil
7.4
F]
i
Q

Bil
Ritd

Bith

Bit

Bit
BiLld

TR

5.10.1 ACL Suspend/Terminate Reglster
This i5 @ non-quéusd regisicr
wMemeory affset= 30

Description ACCess
Reserved
Terminate Accelerator (periion {TO]. KW
Heserved.

RW

Suspend Accelerator Dperalion (80

Description _
Liced to lerminale an Acceleraior operation. To terminats an Acceleraler pperaton, the programmer

sLooid write a 1 1o this bil, wail for RDET (ACL Siaws Register, bi 0 L be 0, ther write a {) o this bie

T ermination s the goveteralor L s injlisl power-on slale, with the ACL megisiers relurned w the
valuesthatthe v contain aftera reset of thechip, The pregrammer i ddvised @ treatacl acccleratnr regisiess
% having ondefinad valugs afler @ teaminmios, znd reprogran 'l registers before iniiating ancther
acoeleralor opETalion.

Used to suspend an Avceloraton operation. Te suspend an Acgelesalor oporalion. the p:ogmm_mcr_sh auld
write s | e thig bit, weiz for RS {ACL Satws Repiser, bl 0 pue [1, then wriee 8 £ w ehis b

5.10.2 ACL Operation Slale Register
This is a non-quened fegisia
Memury nflset = 3

Peszcriplion Access
Farserved.
Resame Acccleraier Operanorn RMIN W
Kesvrved

W

Resteore Accelerator Gperation stale (R3C).

Descriplion
When 521 o 1, @ padsed SUICCR Lo-SCreea scealesaser eperadan 15 resumed.

R seL 4o G Doy A0 g ke,

When sar Lo 1, 1he swale in the dceelerawne's guent 1§ ransferred 13 the incrmnal regislessol the accemeralo:.

‘When selwa O ng acljon is ken.

[ 15 pussible 1 sed Laiof the abane Bais o 1 ma sanple wiite access 10 ofdes (o uansi: L quewed glate

P ke aes cle rator and Fesene {0 initae) en acselere oparulion,

LrgoamyWas - 14
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5.10.3 ACL S5ync Enable Register
This is anos -quencd register
Memery offset =32

Bit
32
0

Bit
Bit0

Descriptian Avcess
Beserved

Sync Enable. W
Description

When set to 1, indicares that a write 1o a full queue will be “wail-staged” until the quene becanes nal fuli.

When set 1o 0, indicates that & write m a full quene will be ignored. ILis possible ko pencrate an inlerup
when such g write is ignored, see Seotion 2.11.7.

5.10.4 ACL Interrupt Mask Register
This is a aon-gueued registar
Memory offsct = 34

Bit
W3
2
i
1]

Bit
Bir2

Bl

B0

Pescription Access
Reserved,

Wrile Fault Interrupt Enahle. BwW
Read Interrupi Enahle. R
Wrile Interrupt Enable, R
Descriplicn

When set 1o 1, enables a Wrile Faul; Interupt when s wiae o a full queus vecurs G ACL Syn: Enabls
Repister, bit Qs 0). This is an EVENT-wiggercd in tervuph: e, ke infermune ling seserls when the frultng
write ovcars, The interrup isclaared by o write of 2 o e Wi Fault Interrupe Status ber ¢ ACL Liermupe
Swws Regiser, bil 2).

Whien set to 0, this muereust is dizabled.

¥ehea sor o {, caables a Read Imizrrupe whesi the guess s empy ardd the Accelgrator poes fron busy
idle. This is an EVENT-iriggered interrupy; i .. the interrupt hne gssents when the acceleratm goes from
busy e idle. The mierupt is cleared by a write of 1 40 1he Read Interrupt Staitus bit (ACL Intereupt Sy
Register, bit 1),

Whea selindh, this inierrup is disalled.

When setio 1, enablasa Write [Rtermupt whenllhcq.aeucis narfull This 2 STATE-isiggered inlerrgH;
1., the intemuept hae isassered while the queneisinbe state of being “not-ful 1™, This ing TU iscleaed

by disahling it

When set o 0, this jalerrapt is disablod.

Tseng Labs

Ime

147

W

£.10.5 ACL Interrupt Status Register
This is & non-queued register
Memedy ofiscl = 35

Bit
T3
2
1
1]

Bit
Bl

Eu 1

Buf

Descriptian Access
Reserved, )
Write Faull Interrupt §iatus, E:":
Read Interrupt Status. o

Woile Int2crapt Slatus.

Description B o 5
A -falurporl indicates that die current interrupl condition was cavsed by 2 Wnile Fault

When set 1o 1, clears the Wi Faull Imeroept condition,

When set 10 0, the value of this bil is unaffecied.

A value of 1indizates that the cument inte=mupl condizion was caused by @ Read Jigrupl.
When sel o 1, cloars the Read IntEmup: condinen.

wWhen set o 0, the value of this hirds uraffected.

qr Y AL TN o Clear the
A valye of 1indicates tha: the cuent ie s condiliom was caused by 2 Wi ieleaupl Tac

Wrile Interrupt, disable by setung bil € of the ACL Iuesupt Mask Regaster w8 {Sec Sectica 5.140.4;
FILE i L g L H

ET4505 W3hz 13
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5.10.6 ACL Accelerator Stalus Register
Thiz is a aun -queucd register

) (G

QUEUED REGISTERS

[ ; ers for
uened registers ace found al memary offsels in the range B0 ta FP, These regisiees are used (0 sel bp paramet

Acceleraior apérations.

5.10.7 ACL Pattern Address Register
This it a quewed regisier
Aemory offser = 80

Memory offser = 36

Bil Descriplion Access

T Fesorved

3 Serceneto-Screen Status (550, RO

2 XY Stairs (XYST). RW

1 Read Status (RDST}. RO

¢ Wrile Status (WRST), RO

il Description

Bit3 A value of ! indicates that the cument Arcelsralds operalion is @ soreen-1a-screan operstion. This bil ig

Bit2

BiL1

Biso

only valid whenbit 2 is 1. Itig used by St -Restore sofiware in deternine iF 2 write i the RO it (ACL
Crperation Siale Register, bu 3} is necessary.

4 value of 1 indicates that the Accelenutur is processing un X7Y block. An X7 Biock” means that the
acceleralor’s imemat XPOS | YPOS have notyet reached the lerminal XONT,YCNT fora Ziv Bn O ration.
Note that this biL must be restered when the stzie is restored for a suspeadsd pperauon.

A value of 1 indicates thatthe Acceleralor is basy (i.&., may be mod:fying display MEMoy D o Aw quene
is nol empty,

A valve of O indicates thatthe Accelerator is idle andahe queur is empty, o the Accelerator s suspended.
In other words, when this bitis 3, the host is guasaneed 1o read carrect cesulis from e dusrlay memory

and from the accelerator's iniernal registets.

4 value of 1 ingicates thal the azeelerator's quese is full, and cannol accepl any more hast wrilcs,

Bit Description ACCESS
31:22 Resrrved -
210 Patrcrn Address.
i scription . _ .
g’ll 210 g:lq \'njﬂc is the absolate addeess in display memory {er ko Pactero Map. 1L should be progrars med 10 pain
asal : K

w the first byle Lo be processed by @ aiven acceferaled graphics operatiun.

Avalucol Oindicatesthartthe accelerator squenc 1snci lullard hence 10 nkay o wrile 1o 3 caenad repisler
orio anacceleraed MMU apcryre,

£.10.8 ACL Source Address Register
This is a quencd reglsler
Mamy nifsel = B4

Tsena
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ipti CESS
Bil Description Az
3122 esereed, w
20 Soioe Addiess I
iy A i ay Horhed & Map. Ieshould e programmed 1o pe:nt
Bils 23:0 This valpe is the alsoiute address indisplay memery fordisSeurce Map B ing dom (o

trthe firgt byte to be processed bya given accelzrared graphics operatian. 1 the bosl s
the Sowrce Map, he valug in Lhis regisier is not wsed by the avceloralee.
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&.10.9 ACL Pattern Y Otfsel Register
This i 2 queued register

Memuory oflser= 88
Bit Degcription Access
15:12 Reserved.
11:0 Patern Y Offset. RW
Bit Descriplion
This value is the amaunt 10 be added o the accelerator s muemal Patiem bddress pointzr when puing ltom

Biis 11:0

one line o the meat during Accelerawr operanons. The aciual value programmed is one dess than Lhe
desired number of byies 1o be added. Forexample, if the Pattemn 8ag 12 8 pixels wide, 3 value of T should
be programmed ineo this register.

5.10.10 ACL Source ¥ Offset Registar
This is a quewcd regisicr
Memary offsel = A

Bil
i5:12
I3EY]

Hil
Bik 11:0

Description Access
Reserved.

Sowee Y Offset. R
Deschiptioh

This valuc is the smount © be added 1o the accelerator s internal Source ad dross podnter whuo gaing fro
one line 1o the nest ducing Accelerator operapoans. The actual value prograsmmcd is ome less than 1he
desired number of bytes o be adided. For example, if the Source Map is 640 pisels wide, a value o £3Y
shoeld ke programmed nwe vais regisier.

5.10.11 ACL Destination Y Ofisel Reglster
This is & yueyed register

Memony offsct = 8C

Bit Descriplion ACCeSs

15:12 Reserved,

120 Bestination ¥ OfTse RWw

Bil Desctipthon . o o o
Bits 11:0 This valne is the amount o be added 1o tie accelerator's inrernal Destinativs address printer when going

Front one ling b the neat diring Accelerator operations. The acual wabue progTam n:j&.ﬂ i5 o less Lhan
Uiz desircd mumsber of byles o be added. For cxample, if the Destination Map is (el piasls wide, a valoe
of 639 shoeld be programmed inw tis regisler.
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5.10.12 ACL Virtua! Bus Size Register
This is 2 quewed regisier

Mﬂ'ﬂ{l’}' offset = 8E

it Descriplion Access

12 Reserved.

140 Virtual Eus Size (WES) R

Bl Description

Biis 1.0 The Virwal Bug Size is only enforced when the host is providing Sonrce Mep data o Miy Map daid to

an acceleraied operation. Itz encowted as follows:

YB3

0 1-byte
a1 2-byee

i 4y

11 Rescrved

The Host Interface of the ET4000/W 32 wairs for this many byvies and then releascs the cam 10 the
acceleraior, The Yirual Bus Size akso somirals the amoym addresses are 1o be incremenled for each host
<ata uansfer o the accckerator, The increment value alsu depends on the ADRD and DARG valuss {sec
Section 5.10.20, ACL Rauung Control Registery:

YBS  ADRD DARQ Increment

an o (N INea (Mo CPU data transfon)
31 01 L 1-byte

Ly} X ol 1-byie

01 A 031 2byies

1 &3 [{al] d-byws

(9] AR 01 B-byics

n A L] 16 -bytes

0 XX 10 J2-bytes

1] XL xx, Boserves:

Tsang Labs, Ing
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5.10.13 ACL X/Y Direction Reglster
This is a queved rogisier
Memory aftset = §F
cess
Bit Description Ac
T2 Resersed. e
1 ¥ Dirction. oy
1] X Direcnen.
P s coeloraied operaion will procecd.

Bits 1:0

Thess hits ndicale which direcion 1he
[~ L LI 3 58 i ( G ELLIGN)
Wit zn st ”Eﬂf&,ﬂ']t}ﬂ{]fu}ﬁf&[c& rIGITILE]G'WE- [ adldre: thIE!',iL gl afddress (Incr HSII'IF,JI 1

gerates from highestaddress to Jowesl address {degreasing darstiond, The

enset o B, ke dccelemuor o .
When se . of varigus programnied valoes:

figure below summas:izes she eflecl

CIO 011
BitBLT
Area
+ |_ [
10,

. J— ETA4020!32

wad
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5.'_[ 0:14 ACL Patlern Wrap Reglster
This is & gueved regizier

Memory offset = 90
Bi Desgriplion A
7 Rezzrved, eoess
b4 Patien Y Wz
P {PYWER),
3 Reserved. ) o
0 Patiern X Wrap (FXWR). RW
Blit Descriptlon
Biiz 6:4

Bits 2:00

The Pairern X

Mu]mi Op::ar:ae;; ::;ld ul;’all:cm Y Weap fiekds define an x-by-y 1ile size for the Fasem Map, Aler ihs

e or opSrales on 3 nl:ap-lsngm number uf_b:."lzs {(honzontally} or lines (vertically) i}w Paucn;

s ot nac p-length number of byles or lines, The Saurce map has wry cgisters
ap-len pcantral eegisters tha;

Patiern X Harizontal
Wriap Wrap Length
O Besereed
G0 4 trie

011 E-hg-'lc

) If:-hy::.‘

101 A2-byie

110 64 -byte

I No weap
Palern ¥ Vedicsl
Weap 'rap Leng't
o I-lie:p

0o 2-ling

LM e

o1l &-linc

et R e

iy Rescrved

10 Reserved

m No wrap

Teeng Labs,

Ing,

Tu

510,15 ACL Source Wrap Register
This is a quencd regisier
Memory offscl = 92

ait
7
&4
1
0

Bit
Eits frd
B X0

Descriplion Access
Heserved.
Source ¥ Wrap (5YWER} B
Reserved.

RW

Source X Wrap (SXWH).

Description
See Section 5 1014, ACL Puuem Weap Register for an explanatien of dhis regiser.

5.10.16 ACL X Position Register
This is & quewed Tegisive
Memory uffse1— 94

Bil
£3:12
11:0

Bit
Bits 11:0

Descriplion ACCess

Reserved.

X Fawsinian. Euty

Deseription
Heading this regislr relums the acceleraor's intosal X Fasition, indicating how (a1 it his progressed

through a piven praphacs Dpermion. & the accolerstar i numing, this ragister is consLandly changing,
swarting [ram the value weiller into this register and approaching the lerpnal value s programimed o
the ACL X Cant Registes. Writng W ths re giser will 1oad the X Position Regaser inn the quene, b will
o8 altect the accelorator s inemnal vopy ofthis regstor: thus Ve st atiomgts b read Back a valae s
writien, the values will not maich. The X and Y Posilion rogisLers are wsed only for saving and restomg
the Accelerators current poscn wher it 1s suspended in the micdle of an oparatian. They shoule

nemaglly he iniialiccd W z&r0 a0 power-ug, the scfrware shoudd ensuie that ey 2oc zezo when any

soceicrated operalion 15 witialed

ST 40N 1
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5.10.17 ACL Y Positlon Register

This is & quesed regisist

Memury offset = 96

Bit Description ACCESS
15:12 Reserved.

11:0 Y Posinicn. R

Bit Pescriplion

Bits 110

Sre Section 5.10.16, ACL X Positon Regiser [or an explanation of this register.

5.10.18 ACL X Count Register
This 1 a queved regisiar

Memory offset = 9§

Bit Cescription Access
15:12 Rescrved.

E X Count. Bw

Bit Deseription

Bits F1:5

This value specifics the number of bytes in the X diméension onwhich the arcelenaior should opeizne. The
X Count shoult be programmed 10 onz less than (he dosied number of bytcs w0 be operaled cn

5.10.19 ACL ¥ Count Ragister
This is a queved repister
Memory oilser = ¢4

Bi Descrption Access

15:12 Reserved.

10 ¥ Cowm. W

8i Description .

Riws 110 This value specifies the number of Lings in the Y dimengicn on which the accelcralgr shoald opersie, The

¥ Count should b programmed 1o ane less IJIa;b"ihE dustred number of lines w by operared on,

Temng Labs tne . 152
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5.10.20 ACL Rouling Control Reglster
This is a guewed register
Memary offset =9C

i 5
gil Description Acces
Th Feserved. )

5:; Roeuting of CPU address {ADRC). W
3 Faserved . w
pll Rowing of CPU data {DarO R
Bit Description

Eis 5.4 Renting of M) address:

ADRC

{0 CPLU mldress ol wsed

i3] CPU address is Destration address
IV Reserved

i Reserved

L5 W deeamiing
“CPU address not used” means onby the fGrst waite 1o an scceleraeed MU apenone s m%dl:}: i::: e
: i - e, j CH csbins Wt s | 1
the destsnation address. Then, as the acecleralzd ofReanion profresses, the doshitLice pou ped

auigmauca]ly,

Bity 2:i) Rowting of CPU dals:

DARS

(KK} CPL data ned usad

Qi1 CPL clota is Sowrse dai
(O] CPL elata bs Wix [raw
i1 Rewerved

yan CEU Lan s X Cownl
1 CPU dans 15 Y Count
1l ®eserved

: e sralion sLorcs L
Wen the CPL date is X Count o7 ¥ Cound, The incuz] wrise thsan ke .4\LE|CI.'-.1[0f nqtr:-lr-lznnlr o
o \ rrdlcr § it of the comrespanding internal X Covoror ¥ Cuunt reglser {.Lhc hlgl.|-on]c;| .[.--hiu Lm‘; mcé-
! :};lf'n;'u url ¥ Countin the £ ueue s aizmmal). Muse hal the Vidwal Bus sice mastbe 1 hyt: Ce
LI | 8 s ;
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5.10.22 ACL Background Raster Operation Register
This is a queucd regjster
Memory offset = 9F

il
0

Bit
Bits 70

Description
Background Raster Operaticn (BGR).

ACress
Bw

Descriplion

Thls_:s the logical ape.rall:ion bcl-a-e:_*n Soure, Patteem, and Destination Maps used when CPU duta rouling
15 Mix Dau and the Min d212 bt is a 0 e Section 5.10.20, ACL Resting Cortrei Register). See alsp
Appendiz A, ET4000% 32 {Microsofl) Rasier Operations Codes and Deligigons.

seng Laks,

T

Iz, -

154

Bit
31:32
PARL

Bit
Bis 210

5.10.24 ACL Destination Address Register
This ig 8 quavad regisler
Mernary ntisct = Al

Description Access

Reserved.

Desuration Address (4], R

Tescription

This value is the ahsalute address in isplay meingry foeshe Desunition Map. There wre bwe nivthod: al
losding this wegisr, exphod and implicil. An eapiicil oad 5 accomplished by simply weiting 1o 1ho
memory address, sinilan 19 any other ACL queed repister. An implici: Iosd ecours when g wite s
nedormicd thrcuglian accelarmed MATU aperture. Whean such 2 write s perfoinzed, the uddressaltes ML
translation (whick s a0 absolule address mta display memery) is loaded imo this register.

£ 400053 (-3
. ——————

5.10.21 ACL Reload Control Reglster

This is 3 quaved register

Memory offset = 91>

Bil Deseription Avcess
Tz Rasepved,

1 Ennblc Reload of Paterp Address. R

Q Enablz Reload of Saurce Address. RW

Bil Descriptian

Bit1

Bit0

When setle %1 the accelerator’s Inwmal Pavern Addess value {resulling from the mevigus acceleramr
operation) will be the starting Fattem sddress for the nes; secelerar pperalon,

When set2o U, the programmed ACL Pauern Address value will be Lsed 4s the starting Panern address.

When setto l the acceleralor's loemal Sourca Address value fresulting froem the previoys sooeleraor
Gperation] wil be the saming Sousce address for the neat aceeleraar operation,

When set i), the programmed ACL Suurce Address valug will be used as e staning Sourge address,

Mo ll_-sm llln:-ie_ﬁ.nul resulis ocour if either of tese bils is 32010 | when he very first aceelerator
operaion i5 inilidicd, since the accelerator' s intemal address POiIErs are nal indtiabized.

‘?71".

U

Bit
0

Bit
Bit= 7.0

5.10.23 ACL Foreground Raster Operation Register
This 15 a quoucd regisler
Memaory 0Tset = 9F

Access

Description
W

Foreground Raster Oparation (FGR).

Degcriplion _
This is the logical vperation between Source, P"attern, and Destination Maps wsed when CPU deta rewting

is Mix Data, and the Mix data biris & 1, orelse when the CFU s net prowading Mia Map daca (sce ACIL
Ruuting, Cortrol Register). See also Appendix A, ET4000M 32 (Micocsolty Rasier Opeeralions Codrs and

Drelinitigns.
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