
WD90COO 
Enhanced VGA Controller 

FEATURES: 

Provides single Chip Video Graphics Solution 
for IBMt PCt /XT I ATt and Personal Sys
tem/2t compatible systems 
100% hardware compatible wilh IBM's VGA 
card in all modes 
100% IBM VGA and EGA hardware 
compatible 
100% CGA, MDA, Hercules Graphics, AT&T 
Model 6300 compatible 

Integrated bus interlace for PC /XT I AT, 
Micro Channelt 
800 x 600 x 16 colors, 640 x 400 x 256 colors 
640 x 480 x 256 colors (512K DRAM) 
1024 X 768 X 16 colors interlaced graphics 
mode suppon - 8514/A moni~ compatible 

DESCRIPTION: 

High performance FIFO memory archit.ecture 
132 column text modes, wilh 25, 43, or 50 rows 
Includes 8 or 16 bit wide CPU data bus 
Support fCll" exiemal Color Lookup Table 
(Palette Chip) wilh 256K available colors 
Pin for pin compatible widl PVGAIA (AT bus 
mode) 

Hidden registers support 

Enhanced virtual VGA support 
Up to 45MHz maximwn video clock rate 

1.25 Micron CMOS VLSI technology 
100 pin Plastic Leadless Chip Cam er (PLCC) 
or Plastic Flat Pack (PFP) JEDEC package 
Minimizes circuit board space requirements 
and lowers system cost 

The Panldisc WD90COO is a 1.25 micron, 15,000 gare CMOS LSI device designed to implement lhe 
IBM Personal System/lt standard video modes along with all of the popular modes used in the IBM PCt 
family. In comparisioo with Paradise Video Grapbjcs Array (PVGAlA), lhe WD90COO is designed to 
offer more improvements for wider range of applications. These enhancements include additional 
Paradise registers for EGA register level compatibility for PS/2 and TI'L monitors, interlaced graphics sup
pon, cost reduced Micro Channel iruerface, and beUer video conirol for higher performance. 
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WD90COO 
SALES ORDER INFORMATION: 

PACKAGE 
TYPE 

lOOPINPLCC 
lOOPINPFP 

14 

19 

24 

29 

34 

38 

lOOPINPLCC 
(TOPVIEW) 

WD90COO 

Filan 2. Pia Dllarall 
PIN SYMBOL PIN SYMBOL PIN SYMBOL 

36 RSET 40 DAl 2 MD4 
76 MCLK 39 DAO 3 MD3 
1S VCLKO 21 EMEM 4 MD2 
74 VCLKl 33 EION s MDl 
73 VCLK2 9 BHEN 6 MDO 
28 Al9 ~~' MRDN 80 CASlON 
27 Al8 MWRN 83 CAS32N 
24 Al7 29 !ORN 79 RASlON 
23 Al6 30 !OWN 82 RAS32N 
22 A15 10 SFDBKN 81 OElON 
20 DA15 34 ROY 84 OE32N 
19 DA14 35 IRQ 85 WEO 
18 DA13 8 DS16N 86 WBl 
17 DA12 89 MD15 87 WB2 
16 DAU 90 MD14 88 WB3 
14 DAlO 91 MD13 63 MAB 
13 DA9 92 MD12 65 MA7 
12 DAI 93 MDll 66 MA6 
46 DA7 94 MDlO 67 MAS 
45 DA6 95 MD9 68 MM 
44 DAS 96 MD8 69 MA3 
43 DA4 97 MD7 70 MA2 
42 DA3 98 MD6 71 MAI 
41 DA2 99 MD5 72 MAO 

WESTERN DIGIT AL 
PART NO. 

WD90COOJK.OO 
WD90COOLKOO 

lOOPINPFP 
(TOPVIEW) 

WD90COO 

PIN SYMBOL 

48 VID7 
49 VID6 
so VID5 
S3 VlD4 
S4 VID3 
SS VID2 
S6 VIDl 
S1 VIDO 
S9 PCLK. 
47 RPI.TN 
58 WPL'IN 
62 BLNKN 
60 HSYNC 
61 VSYNC 
7 EBROMN 
11 EABUFN 
38 EDBUFN 
37 DIR 
25,52 +5VDC 
78, 100 +SVDC 
l, 15, GND 
26,51, GND 
64,n GND 

84 
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WD90COO 

SCOPE 

Many applications require greater graphics capability than is available through the IBM Monochrome 
Display Adapter (MDA), Color Graphics Adapter (CGA), Enhanced Graphics Adapter (EGA), Multicolor 
Graphics Array (MCGA), and the ViGleo Graphics Array (VGA). The Paradise WD90COO is a 1.25 
micron, 15,000 gate CMOS VLSI device that allows the design of a very high performance VGA graphics 
subsystem able to interface with the PCf;IT/AT Bus, as well as the IBM Micro Channel Bus, while 
mainlaining backwards compatibility with previous video standards. A major advantage of the WD90COO 
is that designs unplementing this graphics controller will be able to run applications requiring MDA, CGA, 
Hercules, AT&T 6300, and VGA hardware and BIOS compatibility, and also EGA register level com
patibility on analog, 111.., o~ multifrequency monitors, in interlace or non-interlace mode. 

This data sheet supplies sales order information, a fimctional overview, signal pin details, a block 
diagram, internal register descriptions, AC/OC cbaracterislics, liming diagrams, VLSI package mechanical 
information, and a list of associated references. 

WD90COO DESCRIPTION 

The WD90COO intemally contains four major modules. These are the CRT Cootrolltz, the Sequencer, the 
Graphics Conttoller and the Atlribute Controller. The WD90COO bas 4 major interfaces: the CPU and 
BIOS ROM interface, the Cock interface, the DRAM Display Buffs interface, and the Video and RAM
DAC interface. 

Since the WD90COO arbilrateS video memory accesses, between the system microprocesscr and the CRT 
Controllt.r contained within the WD90COO. all <Iara passes through the WD90COO when the system 
microprocessor writes to or reads from the video meioory. 

A FIFO is used intemally to achieve the video display bandwiddl necessary to interleave CPU accesses 
and display refresh cycles, using standard DRAMs. 

WD90COO MODULES 

The CRT Conttoller section within the WD90COO maintains screen refresh functions for the various dis
play modes defined by the BIOS ROM resident firmware from a program of its regislers. The WD90COO 
CRT Controller also generates horizontal sync (HSYNC), venical sync (VSYNC), and blanking for the dis
play monitor and external RAMDAC. 

The Sequencer functions as a timing generaror for the AT bus or Miao Cbannel interface, in 00 or 
memory cycles. It also provides the cbaracta' clock, and the dat cloclt for the CRT, Graphics, and Atlribule 
Controllt.rS. 

The Graphics Cooaoller manages data flow between video memory and the Atlribule Controller dtlring 
active display (DOii-blanked) periods. It also cantrols sys1elll miaopoces.10r reads from and writes to the 
video memory, using the time slots defined by the Sequencer. 

The Attriballe Cauroller modifies the CRT display <Iara slrealll in graphics and characf.er modes. It con
ttols display lllributes such as blinking, underlining, cursor, pixel panning, reverse video, and background 
or foreground video. 

Western Digital Imaging I Paradl• Systems 5 



WD90COO 

WD90COO INTERFACES 

CPU AND BIOS ROM INTERFACE 

The WD90COO is designed ID operate in two different bus archit.ecllJIC configuralioos. These are the 
f'Cf)CT I AT Bus and the PS/2 Micro Channel Bus. The selection of the mode is dependant on the setting of 
a configuration register bit CNF(2), which is delllmlined upon power-up/reset, and is described in the 
WD90COO Paradise Regisrer section of this data sheet. 

When configured fix AT or Micro Channel operation, the WD90COO operates functionally in a mannec 
that is conductive ID f'Cf)CT/AT or Micro Channel interfacing respectively. The signal pins, memory maps, 
and IIO ports all operate ID optimiz.e this inrerface with minimal exremal circuitry. 

The WD90COO provides all the signals, and decodes all the necessary memory and IIO addreues ID inter
face with the AT bus or the Micro Channel bus, in 8 or 16 bit data path modes. WD90COO also provides 
the necessary decoding of the adapt« video BIOS ROM, and has additional signals and registers to help 
with BIOS ROM page mapping as dooe on the IBM PS/2 display ~- Using the provided signals, the 
customer can implement designs which multiplex the address/data signals to the WD90COO in 8 or 16 bit 
mode, conirol an 8 or 16 bit BIOS ROM, and generate the desired conlro~hake signals (such as 
-CODS 16N in MCA mode). 

The IIO data path is eight bit. The memory display buffer data path can be eight or sixteen bits wide. 
EGA Planar modes have an eight bit data path with the CPU. Text modes and :256 color ext.ended modes 
(packed pixel modes) can have a sixteen bit data path if the video subsystem suppans a 16 bit bus. 

The WD90COO will provide the necessary wait stat.es for CPU accesses ID the video memory. Wait srares 
for IIO accesses, and BIOS ROM accesses are not genemred. 

Special 1/0 ports, such as 46E8H(AT) for setup, and lO'lH for VGA enable, have been implemeorecl 
internally in the WD90COO. 

DRAM INTERFACE 

The WD90COO optimizes its inttrlace to the video memory display buffer. The video memory DRAMs 
are organized as 4 planes and the WD90COO is designed for 3 contiguraticm of DRAMs. Each plane can 
be configured as 64 KBytca (2S6 KByt.e tocal), 128 KByt.es (512 KByt.e total), or 2S6 KBytca (1 MByt.e 
total). 

The WD90COO provides the necessary conll'Ol signals and address/data lines to access the video memory 
as two 16 bit data int.erieaved banks. For display refmlh cycles, !be WD90COO will pcrfonn page mode 
read operations on the video memory in graphics modes. In alpha modes. a chcic:e of IJll8e. video memory 
read operation is also provided. For video memory writ.e operations during graphics or alpha modes, tho 
WD90COO will generare Slllldlrd RAS,CAS cycles in DClD-page modes. WD90COO will also refresh the 
DRAMs with 3 or S refresh cycles after every boriz.ontal scan line. 

The WD90COO suppons 256 KBytca of DRAM by using eight 64K X 4 page mode DRAM chips; 
512 KByta of DRAM by using sixreen 64K X 4 page mode DRAM chips; or l MByr.e of DRAM using 
eight 2S6IC X 411119 mode DRAM chips. Usually a 36 MHz MCLK and l20ns DRAMs are llled. A 
640 X 400 X 256color mode is supported when 100 ns DRAMsand a44.9 MHz MCLK. is llled. 
640 X 480 X 256 coJar mode is sullPO'ted when the S 12K DRAM configuralion a1ooa with lOOns DRAMs 
and a 44.9 MHz MClJC n llled. -nie WD90COO Paradise regislen provide support for acceaes of up to 
1 MByt.e of video memory. 
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WD90COO 

VIDEO INTERFACE 

The WD90COO is oplimi7.ed IO connect IO an analog CRT monitor through a RAMDAC, but it may also 
be used to drive other types of displays, such as TI1.. monirars along with the coirect register programming 
using recommended crystal frequencies. In interfacing IO an analog monitor through an external RAM
DAC, the WD90COO provides all the necessary signals 10 interface to the video RAMDAC. 

The video inr.erface for a CRT is very dependent on the CRT requirements and the resolution and depth 
(bits/pixels) of the image desired. New monirars, such as multifrequency monilDl'S, are less Slringent 
because of !he many sync freqUC11Cies available. The WD90COO can be programmed to directly generate 
all !he CRT signals for up IO 8 bits/pixel (256 color) displays. In addition, extcmal hardware can be added 
IO allow higher display resolutions by ttading off the number of bits/pixel. 

The Micro Channel Auxiliary Video Connector and the AT Fearure Connector can be connected io 
WD90COO. The WD90COO also provides an input for a monitor type detection interface as done on the 
IBM VGA using comparalOIS. 

CLOCK INTERFACE 

The WD90COO has four clock input signal pins. These arc: the separate memcxy clock, MO.IC, which 
drives the DRAM liming in graphics and alpha modes; and the duec video clocks, VCI.KO, VCLKI, and 
VCLK2, which drive the video timing. WD90COO also provides the oplion to extemally conaol a mulli
plexer that supplies the video clock. The Ma.IC can also be selected as the video cklt cloclt • 

WD90COO POWER-VP CONFIGURATION 

." up/reset. CNF(2) will dctaminc whctba' Ille WD90COO will opcrare in At or Micro Channel Archirccturc (

. The WD90COO uses Ille memory da&a pins ro confiame an internal confinration rcgisler upon power-

,j (MCA) implementalion. Other CNF bill configured by WD90COO at power-up/reset are used as stalllS bits, 
or for clock source conU'Ol. For more infmmalion on WD90COO power-up configuration, refer ro the 
Paradise Rcgisfer section of Ibis da&a sheet. 
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WD90COO 

PIN DESCRIPTION 

The table below provides WD90COO pin definitions for the 100 Pin Plastic Leadlesa Chip Canier (PLCC) 
and Plastic Fial Pack (PFP) package. The WD90COO mnemonics are used. For more design details in AT 
or Micro Channel modes refer to the application notes and reference section of this dccwnenL 

PIN NO. PIN PIN 
SYMBOL TYPE DESCRIPTION 

POWER ON 

36 RSET I RESET: This signal input will reset the WD90COO. MCLK 
and VCLKO should be connected IO WD90COO in order for the 
WD90COO to initialize during ReseL Paradise registers PR 1, 
PRl l, and CNF are initialized at ~wer-up reset based on the 
logic level on the MD(7-0), MD( S-11) bus asdetennined by 
pull-up' pull-down resistors. OutputS EABUFN and EDBUFN 
are lri-stated during reset. The active high reset pulse widdl 
should be al least tea MCLK clock periods. 

CLOCK SELECTION 

76 MCLK I MEMORY O..OCK: This clock signal determines the VGA 
graphics and alpha mode video DRAM mid/write access 
timing as well as sysrem microprocessor l/O and meinary 
timing. MCI.IC should be equal or parer than VCLK. It 
is lea than 36 MHz for 120 ns DRAMS, and lea than 
4S MHz for 100 ns DRAMS. 

75 VCLKO I VIDEO O..OCIC 0: This input is the video display clock for 
alphanumeric and= display modes. Typically, VCLKO 
is 2S. l 75 MHz to · lay 640 pixels per horizontal display 
line. The Miscellaneous OuJput Regisrer bits 2 and 3, both set 
IO 0, will select this clock. 

74 VCLKl l/O VIDEO O.OCIC 1: This pin can be a second video display 
clock input or an output IO exremal clock selection module .. 
Pin direction is der.ermined on Reae& by a pull-up/down 
resistor~ MD3. A VCLKl input frequency of 
28.322 is used ID display 720 pixels per horizontal line. 
When it is an outpla, VCLKl is an acti~ low pulse during 
l/O writes IO part 3C'2H. Refer IO the Caifiguralioo Regisler 
desaipcion. 

73 VCLK2 l/O VIDEO C.OCK 2: This pin can be a third video display clock 
input or an ouqiut IO -exu:mal clock selection module. Pin 
direction is~ simultaneously with tb8l of VCLKl. 
It acts as ei a user definecl exu:mal clock input, or as an 
output reflecting the" content of bit PR2(1) if CNF (3) is set 
to 1. Refer IO the Configuration Register descripcioo. 
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WD90COO 

PIN NO. PIN PIN 
SYMBOL TYPE DESCRIPTION 

CPU ADDRESS AND DATA BUS 

28 Al9 I ADDRESS ONLY BUS (Al5-Al9): These active high inputs 
27 Al8 I form the high-mler five bits of video memory address. These 
24 Al7 I addresses ( 19: 16) are not decoded during l/O accesses in AT 
23 Al6 I or MCA implemeruation. These inputs are directly connected 
22 Al5 I to the sySlelll bWI. 

20 DAIS(*) 00 DATA/ADDRESS BUS (DAO-DAIS): These signals 
19 DA14 00 comprise an active high multiiexcd data/address bus for 00 
18 DA13 00 and memory accesses. Only low eight bits are used for 
17 DA12 00 dala during 00 read and write cycles. During every 00 read 
16 DAll 00 and write, the voltage level on DAIS is used to help detennine 
14 DAlO 00 lhe moniror type, and can be read at 8': 3C2H bil 4. A logic 
13 DA9 00 O or logic 1 on DAIS places a logic or a logic 1 into bit 4 of 
2 DAS 00 the. Input S~. R~ 0, ':J:tively. Refer to the general 
46 DA7 00 regisra description or 1D01e ormanon. 
45 DA6 00 
44 DAS 00 
43 DA4 IIO 
42 DA3 00 

( 
41 DA2 00 NOTE:"•" DAIS~ is multiplexed wilh dala bit lS 
40 DAI 00 and CR monillll' sense input for auto 
39 DAO 00 monillll' deeeclioa. Refer to rechnical brief 

on auto monillX derection circuiL 

CPU CONTROL BUS 

21 EMEM I ENABLE DISPLAY MEMORY: 1bis ~is active high in 
both Miao Olannel alld AT modeL In A Mode, EMEM 
enables video memory acceaes. BIOS ROM accesaes are not 
conaoiJed by EMEM. If die video memory is widlin die 
lowest IMB of the procesaar address space, EMEM signal 
m1L1t be cliYe during video memory access. Odlrrwise, 
EMEM sbould be genm&cd by external logic when the 
WD90COO video memory is ICCCS.1cd. During AT Bwi refresh 
time, EMEM can be camected to REFRESH to disable the 
WD90COO. In Micro Channel mode Ibis signal enables l/O 
alld video memory access. External logic is required ID 
implement die functian EMEM. 

Western Digital Imaging I Paradise Systems 9 



WD90COO 

. PINNO. PIN PIN 
SYMBOL TYPE DESCRIPTION 

10 SFDBKN 0 16 BIT WIDE BIOS ROM: In AT mode this active low 
signal is the inverted value o~ PRl(l), which 
determines BIOS ROM data widdl selection. It may be 
used to control data buffers for a 16 bit data path BIOS ROM 
and to genenue the BIOS ROM chip enable signal MEMCS 16 
in AT mode. In Micro Channel mode, its mnemonic is 
-CD SFDBK. -CD SFDBK is the unlatched decode (active 
low) when a memory, UO. or BIOS ROM access is done from 
the system bus and may be considered as adapta or VGA 
feedback. For further details, refer to the reference literalure. 

34 RDY 0 READY: An active high olllput which signals to the system 
processor that a memory access is completed and is only used 
to add wait stares to the MCA or CPU bus eye~ 
video memory accesses. It is pulled inactive by 
to allow additional time to complete a bus operalion. This 
signal is not generared on UO cycles and accesses to the 
BIOS ROM. Fa further details, refer 10 the reference 
literature. This is a ui-swe signal. 

35 IRQ 0 INTERRUPT REQUEST: Programmable imcessor inlmupl 
request. It is enabled via bits in the Vertical Reuace End 
regisler. It is active high in AT mode and active low in 
Micro Channel mode. When the end~ Venical Display 
occurs, Ibis signal will lraDSition active, causing tbe inrmupt. 
It will stay latched umi1 CRTCll bit4 clean iL In an AT 
system IRQ is not caineaed, but may be c<mnected if desired. 
-IRQ9 is used to geoente interrupt in the Micro Channel 
mode. For funber details, refer to tbe reference litemture and 
the CPU section in die introduction. This is a ui-swe signal. 

8 DS16N 0 DATA SIZE 16: Active low enable far 16 bil video memory 
wool uansfen. It is a mode depmdent = In AT mode, 
the signal level is as ~in bil 1(2) and may be 
used ID indiaue 16 bit extmnal dala buffen. See the Paradise 
Regislc:r (PRl) descriptioo for funber details. This signal is 
used to generare -MEMCS 16 using external logic for AT 
mode designs. In Micro Channel mode, tbe ~ is active 
only during BIOS ROM accesses (if enabled) y PRl(l)) 
and/Or during memory 16 bit data padl access (if enabled by 
PR 1 (2)). See tbe sectioo oo Paradise Registen or consult the 
reference lirenuure far more infarmaboo. 
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WD90COO 

PIN NO. PIN PIN 
SYMBOL TYPE DESCRIPTION 

33 EION I ENABLE IJO: In AT mode, this active low signal enables l/O 
accesses to die WD90COO. In Micro Channel mode, this si8n&l 
is the set up input pin and is connected to the card set up 
or the VGA selUp. The externally designed system 1/0 
(96H for Adapter card ar 94H bit S for system board design) 
is connected to Ille EION pin. When this signal is high, the 
WD90COO is enabled or in the operaling nate. An active low 
signal OD this pin putS the WD90COO into set up mode. 
During the set up mode,~ l to WD90COO internal 
port 10'2H ID awaken the after= on. Refer 
to application no1e for more infortnaliaL in set up 
mode, lbe WD90COO will only respond to die intemal l/O 
register locared at 102H. Accesses ID port 3C3H (external) 
and BIOS ROM addnmes are not affected by setup mode, so 
they can be a:c:essed. 

9 BHEN I BUS HIGH ENABLE: In boch AT and MCA mode, Ibis activ~ 
low 5!f:! enables and indicares 1rlllSfer of dala aa die~ 
byte the dala bus (DA8-Dl5) wben WD90COO is in 16 . 
mode. With addmsl AD. it dislinguisbes between high byte 
(DA15-8) and low byte (DAD-7) dalll nnsfen. It is not used 
for I/O lrllllSfen in eilher AT mode or Mlcro Channel mode. 
When BHEN is not used for 8 bit dala lrllllSfer 
impJemenWion. il must be pulled bigb. 

31 MRDN I MEMORY READ: In AT mode, Ibis signal is called 
-SMEMR and is an aclive low memory read saobe. It is 
asscrtecl in 11116 bit memory read cycles. In Micro Channel 
mode. the sipal is called M/-10. It dislinguisbel between 
memory and 00 cycla. When (M/-10) is bigb. a memory 
cycle is in process. A low oa (M/-10) shows Iba an l/O 
cycle is in process. For funber details, refer ID die reference 
llieralure. 

32 MWRN l MEMORY WRlTE: 'l1le Aclive low memory write SllObe in 
AT mode for 8116 bi& dlla lnllSfers. In Micro Cbaanel mode, 
it becomes -SO and is the ctuv-1 SlllllS signal wbich indicates 
the srart and type of ae~ Alona widl -Sl, M/-10, 
and -CMD si= il is IO inlerpnt 00 and memory 
commands. funber details, refer 10 the refermce 
liUl8llUe. 

29 IORN l I/() READ: AcUve low I/O read SllObe in AT mode. It is 
asscrtec1 in 11116 bit I/O read bus cycles. -S 1 is die allmlllle 
mnemonic used in Micro Cbaanel mode IO indic:are the Slart 
and type of a c:hanneJ cycle. For funber details, ~fer 10 die 
reference lileracme. 
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WD90COO 

PIN NO. PIN PIN 
SYMBOL TYPE DESCRIPTION 

30 !OWN I l/O WRITE: Active low strobe. In AT mode, the strobe 
signals an l/O write for 8/16 bit l/O write cycles. In Micro 
Channel mode it is synonymous with -CMD; address bus 
validity is signaled by -CMD going low while the rising edge 
of -CMD indicates the end of a Micro Channel bus cycle. 
For further details. refer to the reference lirerawre. 

VIDEO MEMORY DATA 

89 MD15 I/O DISPLAY MEMORY DATA (00-015): These lines are the 
90 MD14 data bus to the video display DRAMS. Data lines MOO-7 are 
91 MD13 pulled up <r down with resistors to irovide set up infonnation 
92 MD12 on power-up (reset) as follows: 
93 MDll 
94 MDlO MD Power-Up Register 
95 MD9 Function (Bit) 
96 MD8 - ----
97 MD7 15 EGASW4 PR11(7) + 
98 MD6 14 EGASW3 PRll(~+ 
99 MDS 13 EGASW'2 PRll( + 
2 MD4 12 EGASWl PR11{4)+ 
3 MD3 11 ANALOGtm. Display CNF(8) • 
4 MD2 7 General Purpose CNF(7) • 
5 MDI 6 General Purpose CNF(6) • 
6 MDO s General Purpose CNF(S) • 

4 General Purpose CNF(4) • 
3 VCLKl,2~~ CNF(3) + 

NOTE: 2 AT/Micro Mode CNF(2) + 
1 BIOS ROM DalaPadl PRI(l) • 

• • • Pulldown resistor sets these bits to logic 1. 0 BIOS ROM Mapping PRI(O) • 
• + • Pull=stlr sets these bits to logic 1. 
F<r m<re · refer to Paradise Registers. 

VIDEOMEMORYADDRDS 

63 MA8t 0 MEMORY ADDRESS (MAO-MAS): Display memory 
6S MA7t DRAM address. 
66 MA6t 
67 ~t 
68 MMt 
69 MA3t 
70 MA2t 
71 MAlt 
72 MAOt 

NOTE: 

I. "t" For testing purposes, these pins can be lri-swed by setting Paradise Regisru PR4( 4) = l. 
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WD90COO 

PIN NO. PIN PIN 
SYMBOL TYPE DESCRIPTION 

( VIDEO MEMORY CONTROL SIGNALS 

80 CASlONt 0 COLUMN ADDRESS STROBE: Active low Memory Maps 
l & O CAS output signal. 

83 CAS32Nt 0 COLUMN ADDRESS STROBE: Active low Memory Maps 
3 & 2 CAS output signal. 

79 RASIONt 0 ROW ADDRESS STROBE: Active low Memory Maps 1 & 0 
RAS output signal. 

82 RAS32Nt 0 ROW ADDRESS STROBE: Active low Memory Maps 3 & 2 
RAS ow:put signal. 

81 OEIONt 0 OUTPUT ENABLE: Active low Memory Maps I & 0 
DRAM OUlpUt enable. 

84 OE32Nt 0 OUTPUT ENABLE: Active low Memory Maps 3 & 2 
DRAM outpu1 enable. 

85 WEONt 0 WRITE ENABLE: Active low Write Enable to DRAM 
bank O, lower byte (Mein<Xy map 0). 

86 WEINt 0 WRITE ENABLE: Active low Write Enable for DRAM 
bank 0, upper byte (MeinlX)' map 1). 

87 WE2Nt 0 WRITE ENABLE: Active low Write Enable for DRAM 
bank I, lower byte (Memory map 2). 

88 WE3Nt 0 WRITE ENABLE: Aclive low Write Enable for DRAM 
bank l, upper byte (Memory map 3). 

NOTE: 

1. "t" For testing purposes, lhese pins can be bi-stated by selling Paradise Register PR4(4) .. 1. 

(/ 
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WD90COO 

PIN NO. PIN PIN 
SYMBOL TYPE DESCRIPTION 

RAMDAC INTERFACE 

48 VID7§ 0 VIDEO (VDO-VD7): Pixel ~ dara Olllplll to DAC. 
49 VID6§ 
50 VID5 § 
53 VID4 § 
54 VID3§ 
55 VID2 § 
56 VIDl § 
57 VIDO§ 

47 RPLTN 0 READ PALETIE: Video DAC register and color palette read 
signal Active low during liO read to addresses at 3C6H, 
3C8H, and 3C9H. 

58 WPLTN 0 WRITE PALETIE: Video DAC register and color paleae 
write signal. Active low during JiO wrirc ID addresses at 
3C6H-3C9H. 

59 PCLK 0 PIXEL a..ocK: Video pixel clock ou&pul used by the 
RAMDAC to laltb video signals VID0-7. Its source is one 
of the video clock= VCLKO, VCLKI, or VCLK2 as 
deiermined by the lllmcous OUlpul register. N<lCe lhal 
VCLKO, 1, or 2 is divided by two in 320060 pixel display 
mode to derive PCLK. 

62 BLNKNt 0 BLANK: Active low RAMDAC blank pulse. 

CRT CONTROL 

60 HSYNC I 0 HORJZONTAL SYNC: Display moairor horizootal 
synchroniDlion pulse. Active high or low depending on the 
Miscellaneous register JllOIP'llDIDing 

61 VSYNC I 0 VERTICAL SYNC: Aclive bifb display mooiUlr vertical 
synchrooiDlion pulse. It is acuve high or low, depending on 
the Miscellaneous OuqJut Regis•. 

NOTES: 

1. "§" For testing purposes, these pins can be lri-Slated by seuing Paradise Regisrer PR4(S) = 1. 
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WD90COO 

PIN NO. PIN PIN 
SYMBOL TYPE DESCRIPTION 

BIOS ROM CONTROL 

7 EBRO MN 0 ENABLE BIOS ROM ACCESS: In bod! AT and Micro 
Channel modes this signal is active (low) during memory 
reads in Ille address range (COOOOH-C7FFFH) if enabled by 
bit PR 1 (0). It is not active fix accesses to addJesses in Ille 
range CtiOOOH.C67fFH.. However, !he CtiOOOH-C67FFH 
address range can be mapped in to increate BIOS space by 
~17(0) • 0. In AT mode only, a write to Ille. 

internal J/O pan address 46E8H causes this signal 
to be used as a write saobe for an external register used in 
BIOS ROM page mapping. 

BUFFER CONTROL 

11 EABUFN 0 ENABLE ADDRESS BUFFER: This acli.ve low signal 
permits COllllOl of an extt:mal address buffer for multiplexing 
address and dala to WD90COO. It is tri·Slaled while Reset is 
active. When in MCA e:lmemrion, this OU~ becomes 
Ille high byre dala bus le signal during die 6 bit dala 
aansfers and is refened as EDBHN in Figures 10, and 11. 

38 EDBUFN 0 ENABLE DATA BUFFER: Allows COllllOl of an extmnal 
dala buffer for multiplexing address and dala to WD90COO. It 
is tri·Slaled while Reset is IClive. 

37 DIR 0 DIRECTION CONTROL: Acli.w high Direc:lion Conlrol for 
reads of die MD0-15 dala bus in AT and MCA 
implcmenllliaa. The def4ull 11111e is low unli.l a read 
c~ CJCCUll, and die WD90COO will driw DIR high ID 
c die dimctim of die dlla buffers. 

POWER AND GROUND 

25 vcc - +SVDC 
52 vcc - +SVDC 
78 vcc - +SVDC 
100 vcc - +SVDC 

l GND - Ground 
15 ONO ---- GIOUlld 
26 GND ....... _ Ground 
51 GND ---- Ground 
64 GND ---- Ground 
77 GND ----- Ground 

Western Digital Imaging I Paradise Systems 15 



WD90COO 

ABSOLUTE MAXIMUM RATINGS 

Ambient tempera!llrC under bias 
Storage temperature . 
Voltage on all inputs and OUlpUIS with respect to Vss 
Power dissipation 

0°Cto70°C 
-40°C to 125°C 
-0.3 to 7 Volts 
1.0 Wau 

NOTE: Stressess above those !isled wider Absolut.e Maximum Ratings may cause permanent damage to 
the device. This is a siress rating ooly and funcliooal operation of the device at these or any other 
conditions above those indicared in the operarional section of the specification is not implied. Exposure 
to absolut.e maximum rating conditions for eXlellded periods may affect JXOduct reliability. 

STANDARD TEST CONDmONS 

The characteristics below apply for the following standard test conditions, unless otherwise noted. All 
voltages are referenced to V ss (OV Ground). Positive cunent flows into the referenced pin. 

Operating temperature range 0° to 70"c 
Power supply voltage 4.75 to 5.25 Volts 

D.C. CHARACTERISTICS 

SYMBOL PARAMETER MIN. MAX UNITS CONDmONS NOTE 

Vn. Input Low Voltqe -0.3 0.8 v VCC • SV +1·5'*i 
VJH Input High Voltage 2.0 VCC+0.3 v VCC = SV +1·5'*i 
In. Input Low CuneM +/-10 uA VIN•O.OV 
Im Input High Current +/-10 uA VIN:sVCC 

VoL OutpUt Low Voltage 0.4 v IOL+4.0mA 
VoH O=High Voltage 2.4 v IOH=4.0mA 
Ioz gh Impedance 

LeakageCurre• -10.0 10.0 uA OV<VOUT<VCC 
Ice Stand By= 22 mA VCC = 5.25 VDC 

(All Inputs at Levels) TA= 0°C, Slatic 

loo Operating cum.- 130 mA VCC:s5.2SV, 
MCl.K- VCLK • 45MHz 

CIN Input Capm:itance 10 pF FC=lMHZ 
CoUT OutpU& CaplCillnc:e 10 pF FCa lMHZ 

NOTE: 

1. WD90COO ouqiuu have 4.0 mA mlltimum soun:e and sink capUility except as follows: 
ROY• 24.0 mA sink and 4.0 mA source. 
IRQ • 24.0 mA sink and 4.0 mA source. 
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WD90COO 

This page is intention.ally left blank. 

THE TIMING DIAGRAMS AND PAllAMETERS 

IN THE AC CHARACTERISTICS MAY BE 

REVISED. 
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WD90COO 

AC CHARACTERISTICS 

L'O READ· AT MODE TIMING DIAGRAM 

SYMBOL 

l 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

NOTES: 

PARAMETER 

Addzea, EION Setup ro IORN 
Addzea Hold from IORN Active 
Read Dala Valid from IORN Active 
IORN Pulse Width 
Read Data Hold from IORN Inactive 
EABUFN Inactive from IORN Active 
EDBUFN Active from EABUFN Inactive 
EDBUFN Inactive from IORN Inactive 
EABUFN Active from EDBUFN Inactive 
DIR Active ro IORN Active 
DIR Inactive from IORN Inactive 
RPL TN Active from IORN Active 
RPI.TN Inactive from IORN Inaclive 
EION Hold from IORN Inactive 

* Unirs are in nanoseconds (ns) 
+ Tested with CL = 70 pf llllless specified otherwise. 
1. Tp = l/MCLK in all modes. 

( See Figure 4 ) 

MIN 

13 
4 

2Tp+50 
16 

13 
5 

2. RPI.TN signal active only with IJO addresses 3C6H-3C9H, except 3C7H. 
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MAX NOTES•+ 

2Tp+40 

29 
31 
30 
31 
25 
26 
30 2 

2 
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WD90COO 

VO WRITE· AT MODE TIMING DIAGRAM 

SYMBOL PARAMETER 

1 
2 
3 
4 
5 
6 
7 
8 
9 
IO 
11 
12 
13 
14 
15 

NOTES: 

Address, EION Setup to IOWN 
Address Hold From lOWN Active 
Data Setup to IOWN Inactive 
IOWN Pulse Width 
Write Data Hold from IOWN Inaccive 
EABUFN Inactive from IOWN Active 
EDBUFN Active from EABUFN Inactive 
EDBUFN Inactive from IOWN Inactive 
EABUFN Active from EDBUFN Inactive 
WPL TN Active from IOWN Active 
WPL TN Inactive from IOWN Inactive 
EION Hold from IOWN Inaccive 
EBROMN Active from IOWN Active 
EBROMN Inactive from IOWN Inaccive 
IOWN Inaccive Pulse Wuldl 

• Units are in nanoseconds (ns) 
+ Tested widl CL • 70 pf llll1ess specified odlerwile. 
1. TD = l/MCLK in all modes. 

(See Fipre5) 

MIN 

13 
4 
30 
3Tp+SO 
16 

16 
5 

2Tp 

2. WPL TN signal active only widl l/O addresses 3C6H-3C9H. 
3. EBROMN signal is also active during l/O port 46E8H write operacioa. 
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MAX 

29 
31 
30 
31 
2Tp+20 

29 
27 

NOTES"+ 

1,2 
2 

3 
3 
1 

0 -

() 

0 -
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WD90COO 

MEMORY READ· AT MODE TIMING DIAGRAM 

SYMBOL PARAMETER .. ---------......... ________ .. 
l AddrcM, BHEN, EMEM Setup to MRDN 
2 Address, BHEN Hold fran MRDN Active 
3 Dala Valid Setup to RDY 
4 Data Hold from MRDN Inactive 
5 EABUFN Inactive from MRDN Active 
6 EDBUFN Active from EABUFN Inactive 
7 EDBUFN Inactive from MRDN Inactive 
8 EABUFN Active from EDBUFN Inactive 
9 DIR Active to MRDN Active 
10 DIR Inactive fran MRDN Inactive 
11 RDY Inactive from MRDN Active 
12 RDY Active High from MRDN Active 
13 RDY Inactive (Tri-scare) from 

MRDN Inactive 
14 EBROMN Active from Address Active 
15 EBROMN Inactive from MRDN Inaclive 
16 EMEM Hold from MRDN Inactive 
17 MRDN Active Low Time 
18 MRDN Inactive High Time 

NOTES: 
• Units are in nanoseconds (ns) 
+ Tested widl Ct= 70 pf unless specified odlerwise. 
1. For sllllldard VGA modes with MCLK gmuer lban 36 MHz. 

( See Figure 6 ) 

MIN 

13 
4 
Yr2' 

4 
90 
80 

MAX 

29 
31 
30 
31 
25 
26 
18 
2000 
180 

30 
27 

NOTES•+ 

s 
s 
4 

1 
3 

2 
2 

3. 
4. 
s. 

2. EBROMN signal is active for memory read addresses locared at~ excluding addresses 
C6CXJO..C67FFH which are optiooal and under imgram conuol 
This signal is lri-~ and pulled up to +5V extanally. 

22 

Tp= l /MCLK I 
BHEN will be smnpled only if die 16 bit dala lnlDSfers are enabled. For 8 bit implementation required 
in the PC I XT inrerface, BHEN mus& be pulled high. 
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WD90COO 

MEMORY WRITE· AT MODE TIMING DIAGRAM 

SYMBOL PARAMETER 
--------·------------.... 

1 Address, BHEN, EMEM Setup to MWRN 
2 Address, BHEN Hold fran MWRN Active 
3 Dara Valid from MWRN Active 
4 Data Hold from MWRN Inactive 
5 EABUFN Inactive from MWRN Active 
6 EDBUFN Active from EABUFN Inactive 
7 EDBUFN Inactive from MWRN Inactive 
8 EABUFN Active from EDBUFN Inactive 
9 ROY Inactive from MWRN Active 
10 ROY Active High from MWRN Active 
11 ROY Inactive (Tri-swe) from 

MWRN Inactive 
12 EMEM Hold from MWRN Inactive 
13 MWRN Active Low Time 
14 MWRN Active High Time 

NOTES: 
• Uni~ arc in nanoseconds (ns) 
+ Tested widl CL= 70 pf unless specified otherwise. 
1. Tp = l/MCLK in all modes. 
2. For standard VGA modes wilh MCLK greaier dlan 36 MHz. 
3. This signal is lri-swe and pulled up to +SV externally. 

( See Flpre 7 ) 

MIN 

13 
4 

0 

4 
90 
80 

MAX 

STp 

29 
31 
30 
31 
18 
2000 
180 

4 
4 
1 

2 
3 

4. BHEN will be sampled only if Ille 16 bitdara transfers are enabled. Far 8 bit implementatioo required 
in the PC I XT intedace, SHEN must be pulled bigb. 
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WD90COO 

110 READ· MICRO CHANNEL MODE TIMING DIAGRAM•• ( See Figure 8 ) 

SYMBOL PARAMETER MIN 

13 

MAX NOTES•+ 

l 
2 
3 
4 
5 
6 
7 
8 
9 
10 
12 
13 
15 
16 
17 
18 
19 

20 
21 
22 

NOTES: 

Address, M/IO Setup to -CMD 
Address Hold from -CMD 
EMEM Active to -CMD Active 
EMEM Hold from -CMD Active 
-SO!-S 1 Active to -CMD Active 
-SO/-Sl and M/IO Inactive from -CMD Active 
Read Data Valid from -CMD Active 
Read Data Hold from -CMD Inactive 
-CMD Pulsewidth 
-CMD Inactive to next -CMD Active 
EDBUFN Active from -CMD Active 
EDBUFN Inactive from -CMD Inactive 
DIR Active to -CMD Active 
DIR Inactive from -CMD Inactive 
RPI.TN Active from -CMD Active 
RPI. TN Inactive from -CMD Inactive 
SFDBKN Active from Addless Valid, 
EMEM. and M/10 
SFDBKN Inactive from -CMD Inactive 
-CD SETUP Active to -CMD Active 
-CD SETUP Inactive from -CMD Inactive 

* Units are in nanosecQOds (ns) 
+ Tested with CL."' 7Qpf unless specified otberwise. 
1. Tp = l/MCLK m all modes. 

4 
13 
8 
3 
5 

18 
50 
2Tp 

13 

13 
4 

40 

31 
31 
27 
26 
30 

34 
32 

2. RPI. TN signal active only with 00 addresses 3C6H-3C9H. excepl 3C7H. 
3. E10N signal active at -CD SETUP for J/O access to port 102H only, otherwise ils level is high. 
4. If -CD SETUP (EION) signal is low, this output scays inacli:ve. 
5 •• For the signals thll cblnge between AT and Micro Owme1 modes, based upon CNF(2), the Micro 

Channel nama llld WD90COO pnemonics ( Refer ID the pin desc:ripcioa section) are 
U3Cd in the MCA implemmUIDon liming diagnlns. 
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WD90COO 

I/O WRITE· MICRO CHANNEL MODE TIMING DIAGRAM•• ( See Figure 9) 

SYMBOL 

1 

PARAMETER MIN 

13 

MAX NOTES•+ 

2 
3 
4 
5 
6 
7 
8 
9 
10 
12 
13 
15 
16 
17 

18 
19 
20 

NOTES: 

Address, M/10 Setup to -CMD 
Address Hold from -CMD 
EMEM Active to -CMD Active 
EMEM Hold from -CMD Inactive 
-SO/-S 1 Active to -CMD Active 
-SO/·S 1 and M/10 Inactive from -CMD Active 
Write DaJa Setup to -CMD Inactive 
Write DaJa Hold from -CMD Inactive 
·CMD Pulsewiddl 
-CMD Inactive to next -CMD Active 
EDBUFN Active from -CMD Active 
EDBUFN Inactive from -CMD Inactive 
WPL1N Active from -CMD Active 
WPL 1N Inactive from -CMD Inactive 
SFDBKN Active from Address Valid, 
EMEM. and M/10 
SFDBKN Inactive from -CMD Inactive 
-CD SETIJP Active to -CMD Active 
-CD SETIJP Inactive from -CMD Inactive 

• Units are in nanoseconcb (ns) 
+ Tes&ed with Ct .. 70 ~ specified ocherwise. 
1. Tp = l/MCLK in~ • 

4 
13 
8 
3 
5 

18 
90 
2Tp 

18 

13 
4 

30 

31 
31 
40 

34 
32 

2. WPL 1N signal active only with IJ0 addresses 3C6H·3C9H. 
3. EION signal active as -CD SE1UP fer IJO acceu to pert 102H only, odlerwise i1a level is high. 
4. If -CD SE1UP (EION) signal is low, this output Slays inactive. 
5 •• For die signals tbal cblnp between AT and Mao Cwmel modes, based upon CNF(2), the Micro 

Channel names and WD90COO pnemonics ( Refer to the pin descripcioa section) are 
used in the MCA implemenlllion timing diagrams. 
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WD90COO 

MEMORY READ· MICRO CHANNEL MODE TIMING DIAGRAM •• ( See Figure 10 ) 

SYMBOL PARAMETER MIN MAX NOTEs•• ------·-------------------·--··-
l Address Setup ro -C:MD 13 
2 Address, BHEN Hold from 

-CMDActive 8 7 
3 BHEN, EMEM, MJIO Setup 

to -CMD Active 13 7 
4 DS16N Inactive from EMEM, M/IO, 

Address Invalid 30 3 
5 -SO/-S l Active ro -CMD Active 3 
6 -SO/-S l Hold from -CMD Active s 
7 Read Dara Valid Setup ro RDY Tp+2S 4.5 
8 Read Dara Hold from -CMD Inactive 11 
9 -CMD Pulsewidlh 90 5 
10 -CMD Inactive IO next -CMD Active 2Tp 4 
11 EABUFN Active from -CMD Active 31 
12 EDBUFN Active from -CMD Active 31 
13 EDBUFN Inactive from -CMD Inactive 31 
14 EABUFN Inctive from -CMD Inactive 31 
15 DIR Active ro -CMD Active 27 
16 DIR Inactive from -CMD Inactive 26 
17 RDY Inactive from Active Status 27 
18 RDY Active High from -CMD Active 2000 
19 RDY Inactive (Tri-stale) from 

-CMD Inactive 40 6 
20 EBROMN Active from Address Valid 31 2 
21 EBROMN Inactive from -CMD Inactive 29 2 
22 DS16N Active from Address Valid, 

EMEM, and M/10 32 3 
23 SFDBKN Active from Address Valid, 

EMEM, and M/IO 34 
24 SFDBKN Inactive from Address, M/10, 

EMEM Invalid 32 
25 EMEM and MJIO Inactive from -CMD Active 8 
26 A~ld from -CMD Active 8 
27 -COSE Active from -CMD Active 13 
28 -C:OSETUP Inactive from -CMD Inactive 4 

NOTES: 
• Units are in numeconds (ns) 
+ Tested with Ct• 70 pf unless specified ocbetwise. 
1 For SWldard VGA modes with MO.X greara than 36 MHz. 
2 EBROMN silllll is only active for mancxy read addlesses locared at aJOOO.C7FFFH excluding 

addleael C6000-C67FPH which are opCional and under program conaol 
3 DS16N signal active only for 16-bit access to memory and ROM addresaes. 
4 Tp• l/MCl.K 
S •• For die signals tb8l chanae between AT and Micro Owmel modes, based upon CNF(2), tbe Miao 

Cblmlel llllDCS and WD90COO pnemonics ( Refer to the pin delcripcioo sectioo) are 
used in die MCA implemenatioo timing diagrams. 

6 This signal is ai·state. It is pulled up extemally tbrough a resislQr to +SV. 
7. BHEN will be sampled only if the 16bitdata11'311Sfers are enabled. For 8 bit implementation required 

in the PC I XT interlace, BHEN must be pulled high. 
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WD90COO 

MEMORY WRITE· MICRO CHANNEL MODE TIMING DIAGRAM•• 

SYl'YIBOL 

l 
2 

3 

4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 

18 

19 

20 

21 
22 
23. 
24 

NOTES: 

PARAMETER 

Address Setup to -CMD 
Address, BHEN Hold from 
-CMDActive 
BHEN.EMEM. M/10 Setup 
to -CMD Active 
DS16N Inactive from EMEM, M/10, 
Address Invalid 
-SO/-Sl Active to -CMD Active 
-SO/-Sl Hold from -CMD Active 
Write Data Valid from -CMD Active 
Write Data Hold from -CMD Inactive 
-CMD Pulsewidlh 
-CMD Inactive to next -CMD Active 
EABUFN Active from -CMD Active 
EDBUFN Active from -CMD Active 
EDBUFN Inactive from -CMD Inactive 
EABUFN Inactive from -CMD Inactive 
RDY Inactive from Active SlatUS 
RDY Active High from -CMD Active 
RDY Inactive (Tri-slate) from 
-CMD Inactive 
DS16N Active from Address Valid, 
EMEM, and M/10 
SFDBKN Active from Address Valid, 
EMEM. and M/10 
SFDBKN Inactive from, Address, M/10, 
EMEM Invalid 
EMEM, and M/10 Inactive from -CMD Active 
Address, Hold from -CMD Active 
-CDS~Active from -CMD Active 
-CDS.c.11.1~ Inactive from -CMD Inactive 

• Units are in llllllOSeCOl1ds (ns) 
+ Tested wilb CL• 70 pf unless specified odlerwile. 
1. Tp • l/MO..K in all model. 

MIN 

13 

8 

13 

3 
5 

0 
90 
2Tp 

8 
8 
13 
4 

2. Far S1lndlrd VGA model wilb MQ.K greater than 36 MHz. 
3. DS 16N signal IClive only for 16-bit access to memory and ROM addresses. 

( See Figure 11 ) 

MAX 

30 

5Tp 

31 
31 
31 
31 
27 
2000 

180 

32 

34 

32 

NOTES"+ 

7 

7 

3 

2 

5,6 

3 

4 •• For lbe signals that change between AT and Micro Channel modes. based upon CNF(2), the Micro 
ChlllDel names and WD90COO pnemonics (Refer to the pin de8cription section) are 
uaed in lbe MCA implemenauioo timing diagrams. 

5 1bia sipal is (lri-swe) and is pulled up extemally lhrough a resisulr to +SV. 
6. RDY will always insert at lelst I wait swe. 
7. BHEN will be sampJed only if lbe 16 bit dala llllllSfms are enabled. For 8 bit implementation required 

in the PC I XT intaface, BHEN must be pulled high. 
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WD90COO 

CRTC I CPU READ 

NON-PAGE ALPHA MODE AND ALL MODE READ TIMING DIAGRAM 

RAS ONLY REFRESH MODE (FIGURE 12) 

SYMBOL PARAMETER 

l 
2 
3 
4 
5 
6 
7 
8 
9 

IO 
11 

NOTES: 

Row Address Valid from Clock High 
Column Address Valid from Clock High 
RAS Active from Clock 
RAS Inactive from Clock 
CAS Active from Clock 
CAS Inactive from Clock 
Read Dara Setup ro CAS 
Read Dara Hold from CAS 
Output Enable Active from Clock Low 
Output Enable Inactive from Clock Low 
RAS Refresh Cycle Period 

* Units are in~ (ns) 
+ Tested with Ct .. 70 pf unless specified otberwile. 

-
2S 
2S 

1. In refresh cycle, RAS period is 5 clocks active and 4 clocks for preclwae. 
2. The CAS precharp time is 6 clocks and CAS ~ lime is 3 cfocb. -
3. Tp = 1 /MCLK in all modes. 
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MAX 

35 
35 
40 
35 
35 
35 

35 
35 
9Tp 

NOTES•+ 

2 
2 

1 
1,3 
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CRTC READ 

PAGE ALPHA AND GRAPHICS MODE TIMING DIAGRAM (See Figure 13) 

SYMBOL 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

NOTES: 

PARAMETER 

Row Address Valid from Clock 
Column Address Valid from Oock Higb 
RAS Active from Clock 
RAS Inactive from Clock 
CAS Active from Clock 
CAS Inactive from Clock 
Oulpllt Enable Active from Clock 
Data Hold from CAS Inactive 
Data seaip from CAS Inactive 
RAS Active Low lime 
CAS High Precharge lime 
CAS Active Low lime 

* Units are in nanoseconds (ns) unless otherwise specified. 
+ Tested wilh CL = 70 pf unless specified Olherwise. 
1. Clock is MCLK in all modes. 

MIN 

2!5 
2!5 

2Tp 
3Tp 
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MAX 

35 
35 
40 
35 
35 
35 
35 

10 

NOTES"+ 

1 
1 
1. 
1 

us 
1 
1 



i • i 
::i 

Si! 
'9. 
I 

J 
el ...... 

i 
I 

i 
I 

c.,, 
...... 

~ ~ 
\ _ _) 

.~ 
r 

"- ~' 

CRTC READ - PAGE MODE 
1 2 l 4 s 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 5 

CLOCK ~~-~~-~~-~~ 
MAO"."'"MAB COL 1 0 2 COL 1 3 lt 

I 
MDO-MD15 I I I I ~ .. ,_ I I 1111\TA u ' MIA O,I I 111\TA u I I ) l I I 

RAS10N t I I 11 11 I I ·- jd-
-11 IJ•l I I ,I f"1 

'~ I j~ I I -~12::1 ~~ 
~ _ J \ I \ /1~ 

i,
1

, n\--_5t I \ I '-4~ 
7-t 

OE32N pL_ 

~ I ~ 
t!Hj 

I 

t:"'J -~· I - .., I 
I ~ 

t I 
8 tn 

CAS10N 

OE10N 

RAS32N 

CAS32N 

f 

WE(3:0) ------------------------_) -----------------
FIGURE 13 

~ 
~ 
\C 
Q 

n 
Q 
Q 



WD90COO 

CPU WRITE 

ALPHA AND GRAPHICS MODE TIMING DIAGRAM (See Figure 14) 

SYMBOL PARAMETER MIN MAX ------------------··-----
1 Row Address Valid from Clock 35 
2 Column Address Valid from Clock 35 
3 RAS Active from Clock 40 
4 RAS Inactive from Clock 35 
5 CAS Active from Clock 35 
6 CAS Inactive from Clock 35 
7 Write Enable Active from Clock Low 35 
8 Write Enable Inactive from Clock Low 35 
9 Write Data(2:3) Sc111p to CAS32N Actiw 2Tp 

10 Write Dala(O:l) Hold from WEIO Active 2Tp 
11 Write Data (2:3) Hold from CAS32N Active l.STp 

NOTES: 
• Units are in nanoseconds (ns) 
+ Tested with CL a 70 pf unless specified otbawise. 
1. Tp = l/MCLK in all modes.. 
2. CASI ON is refermced to Clock High and CAS32N to ClockLow. 
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WD90COO 

CLOCK AND VIDEO SIGNALS TIMING DIAGRAM ( See Figure 15) 

SYMBOL PARAMETER MIN MAX NOTES•+ 
···--····-----------... ---------·-

l MCLK Cock Period 23.8 
2 MCLK Cock High Time 10.7 
3 MCLK Cock Low Time 10.7 
4 VCLKO, VLCKl, VCLK2 Clock Period 25 
5 VCLKO, VLCKl, VCLK2 11.2 

Clock Low Time 
6 VCLKO, VLCKl, VCLK2 11.2 

7 
Clock High Time 
PCLK Low from VCLK High 30 

8 BLNKN Active Delay from VCLK 37 
9 BLNKN Inactive Delay from VCLK 38 
10 VSYNC Active Delay from VCLK 37 
11 VSYNC Inactive Delay from VCLK 37 
12 HSYNC Active Delay from VCLK 34 
13 HSYNC Inactive Delay from VCLK 38 
14 VID(7:0) Dalafrom VCLK 30 

NOTES: 
• UnilS are in nanoseconds (ns) 
l. Inp111 clocks require a 50% duty cycle widl a rolmnce of 10 'I. 
2. VSYNC and HSYNC polarity IS positive or ncgalive depending on video mode. 
3. PCLK / 2 is foc 40 x 25 a1pba modes or 320 x 200 x 256 color graphics modes. 
4. CL for VID(0:7) and PCLK is 30 pF. 
5. There is a limit on the maximum skew between video clock and data OUlpUIS. Widl respect to the 

falling edge of PCLK, the delay of VID(0:7) output will not execd +I· Sns at l.4V oulpUl level. 

5 

2 
2 
2 
2 
5 

6. Duty cycle v~ from VCLK to PCLK: 
Values are referenced to a mp... 5°" waveform from 0.8V to 2.DV, 30pF load, and l.3V dueshold. 
High pulse widdl • Input widdl • l.5ns Min 

Input widdl + 3.2ns Max 
Low pulse widdl • Input widdl • 3.2ns Min 

Input widd1 + l.5ns Max 
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WD90COO 

WD90COO REGISTERS 
All the standard IBM registers incorporated inside the WD90COO are functionally equivalent to the 

VGA implementation while additional Paradise registers enhance the video subsystem. Compatibility 
registers provide functional equivalence for AT&T, Hercules, MDA, and CGA standards defined earlier 
using the 6845 CRT Con1roller. This section describes the VGA registers in greater detail followed by the, 
VGA I EGA difference section, and Paradise registers description. Far mare infonnation, refer to the reference 
literature. 

REGISTERS 

General Registers: 

Miscellaneous Output Reg 

Input Status Reg 0 
Input Status Reg 1 
Feature Control Reg 

~Video SubsySlelD Enable 

Sequencer Registers: 

Sequencer Index Reg 
Sequencer Dara Reg 

CRT Controller Registers: 

Index Reg 
CRT Controller Dara Reg 

Graphics Controller R~ 

Index Reg 
Other Graphics Reg 

Attribute Coatroller Registen: 

Index Reg 
Allribule Colllroller Data Reg 

VGA REGISTERS SUMMARY 

RW 

w 
R 
RO 
RO 
w 
R 
RW 

RW 
RW 

RW 
RW 

RW 
RW 

RW 
w 
R 

Monochrome 

3BA 
3BA 

384 
38.5 

Color 

3DA 
3DA 

304 
305 

NOTES: 1. RO• Read-Only, RW =Read/Write, W .. Write, and R •Read. 
2. All Regi.srer llddlesses are in hex. 

Either 

3C2 
3CC 
3C2 

3CA 
3C3 

3C4 
3C5 

3CE 
3CF 

3CO 
3CO 
3Cl 

3. * a VGA Video Subsystem Enable Register 3C3 is to be implemented extrmally since it is 
not present inside lhe WD90COO f<¥ Microc:lwmel implemenralioas. 
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PARADISE REGISTERS SUMMARY 

( 
REGISTERS RW Monochrome Color 

Paradise Register Index RW 3CE 3CE 
PRO(A) Address Offset A RW 3CF.09 3CF.09 
PRO(B) Alternate Address Offset B RW 3CF.OA 3CF.OA 
PRl Memory Size RW 3CF.OB 3CF.OB 
PR2 Video Select RW 3CF.OC 3CF.OC 
PR3 CRT Control RW 3CF.OO 3CF.OO 
PR4 Video Control RW 3CF.OE 3CF.OE 
PRS Unlock (PRO - PR4) I Status RW 3CF.OF 3CF.OF 
PRlO Unlock (PRll - PR17) RW 385.29 305.29 
PR 11 EGA Switches RW 385.2A 305.2A 
PR12 Scratch Pad RW 385.28 305.28 
PR13 Interlace H/2 Stan RW 385.2C 305.2C 
PR14 Inr.erlace H/2 End RW 385.20 305.20 
PR15 MiscellaneousControl l RW 385.2E 305.2E 
PR 16 Miscellaneous Conuol 2 RW 385.2F 305.2F 
PRl 7 Miscellaneous Control 3 RW 385.30 305.30 
Reserved RW 385.31- 385.3F 305.31- 305.3F 
**CNF Configuration HARD 

NOTE: ALL TiiE PARADISE REGISTERS ARE WRI1E PROIECI'ED. SEE TiiE PARADISE 

( REGISTERS' OESCRIPilON FOR MORE OETAll..S. 

COMPATIBil..ITY REGISTERS SUMMARY 

Functions RW MDA CGA AT&T Hercules 

Mode Control Reg WO 388 308 308 3881308 
Color Select Reg WO 309 309 
Status Reg RO 38A 3DA 30A 38A 
Preset Lit Pen Lau:h WO 389 3DC 3DC 
Clear Li t Pen Lau:h WO 388 308 308 
AT&T /M24 Reg WO 30E 
Hercules Reg WO 3BF 
+CRTC RW 380-387 300-307 300-307 380-387 

( 
NOTES: l. RO= Rt;ad-Only, WO• Write-Only, RW"' Read/Write, and HARD• Non-read I Non-write 

Hardware Port. 
2. All Register addresses are in hex. 
3. + = 6845 Mode Registers 
4. •• =This register is loaded during power on. 
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VGA REGISTERS 
Through ou& this section, ail bit graphics and definitions apply to VGA mode followed by their brief 
descriplioa. 

GENERAL REGISTERS 

Name 

Miscellaneous Output 
Input Status Register 0 
Input Status Register I 
Feature Con1rol 

Read Port 

3CC 
3C2 
3?A 
3CA 

NOTES: I . Reserved bits should be set to zero. 

Write Port 

3C2 

3?A 

2. • ? • Value is conaolled by Bit 0 of the Miscellaneous OulpUt Register and is 
programmed as shown below : 

0 = B in Monochrome Modes 
I = D in Cola Modes 

MISCELLANEOUS OUTPUT REGISTER: READ PORT= 3CC WRITE PORT= 3C2 

5 3 2 

0/1 0/1 0/1 

Verticm HorizonUll RMefVed 
Sync Sync 

VOAddr
Seled 

Polarity Polarity 
Select Selec:t Enable V1deo Ram 

Clock Clock 
Seled 1 Selec:t O 

Odd/Even 
Memory 
Page Select 

Vertical Sync Polarity Selection. 
0. Positi'Ve venical sync polarity. 
1 • Nepliw venical sync polarity. 

Horizontal Sync Polarity Selection. 
0 • Positive borizantal sync polarity. 
1 • Neplive bcrizonta1 sync polarity. 

NOTE: • These bill are detmmined by the moniror type. Their encoding is shown below: 

44 

WU 
0 
0 
I 
I 

WL6 
0 
I 
0 
I 

Venii;a! Frama 
Reserved 
400 lines/scan 
350 lines/scan 
480 lines/scan 
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Miscellaneous Output Register contin'd 

Bit5 Odd or Even Memory Page SelecL 
When in modes 0 - 5 the page size is 64KB. One memory page is selected from the two 
64KB pages. This bit is used far diagnostic purposes and has no effect if PR1(7) = 1 or 
PR1(6) = I. 
0 = Lower page is selected. 
1 = Upper page is selected. 

Bit 4 Reserved in VGA. In EGA mode, it disables the internal video drivers. Logic O activates 
inremal video drivers while logic 1 deactivates video drivers in EGA designs. 

Bit 3, Bit 2 Clock Select l, 0. 

Bit l 

BitO 

Bi17 

Bit6, Bit S 

Bi14 

Bit 3-BitO 

Function .liiLl 
0 

WLl 
0 Selects VCLKO for VGA applications. Can be connected 

to allow 640 dols/line (2S.175MHZ). 

0 Selects VCLKl for VGA applications. Can be connected 
to allow 720 dotsllinc (28.322 MHZ) if Configuration 
Register bit 3 "' 0. 

0 Selects VCLK2 (external user defined input) if 
Configuration Register bit 3 "' 0. 

Reserved. Also selects VCLK2 ( elllmllll WlCI' defined 
input) if Configuration Register bit 3 "' 0. 

System Processor Video RAM Access Enable. 
O = CPU access disabled. 
1 =CPU access enabled. 

CRT Coouoller UO Address Range Selection. 
Selection for Monochrome (3B4 and 3BS), or Colar (304 and JDS) mode. Bit 0 also maps 
Input Swus Register 1 at MDA (3BA) or CGA (3DA). 
0 = CRTC and status addresses for MDA mode. 
1 = CRTC and status addresses for CGA mode. 

INPUT STATUS REGISTER 0: READ ONLY PORT= 3C2 

3 

R 

R8Mrwd 

CRT Interrupt Monitor Detect Bit 
for Color/Monochrome 
Display 

CRT Vertical RetlllCe Interrupt Pending ar Cleared. 
0 •Vertical rmace inrenupt cleared. 
1 '" Vertical rmace inremqx pending. 

Reserved in VGA. 

Monitor Detection in VGA mode. DAlS momtllr swus (pin 20) is sampled and can be 
read from Ibis bit. 

Reserved. 
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Bit 7 

Bit6 

Bit 5, Bit4 

INPUT STATUS REGISTER I: READONLYPORT=3?A 

Reserved. 

Reserved. 

Reserved 

5 4 3 0 

0/1 0/1 0/1 

Reserved 

Display Enable 

Vertical Retrace 

Diagnostic O Diagnostic 1 

Color Plane Diagnostics. 
These bits allow the processor to set two out of eight colors by activating the 
Attribute Coniroller's Color Plane Enable Register bits 4 and S. Their swus 
is defined below: 

CoJgr Plane Enable ReiiSVt Input Stanw ReiiU I 

Bi1.j 
0 
0 
I 
1 

~ 
0 
1 
0 
1 

Bit 3 Vertical Retrace Swus. 
0 .. Vertical frame is dispJayed. 
1 = Vertical rettace is active. 

Bit 2 Reserved. 

Bit 1 RCSQVed. 

Bit 0 Display Enable Status. 

B.iLj 
P2 
PS 
P3 
P7 

0 = CRT SCJeCD display in JSOCCSS. 

~ 
PO 
P4 
Pl 
Pt'i 

1 = CRT screen display disabled for borizootal or vertical retrace intcrVal.. 
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FEATURE C6NTROL REGISTER READ PORT= 3CA WRITE PORT= 3?A 

( 
76543210 

IRIRIRIRIRIRIRIRI 
I I I I I I I I 

Reserved 

Bit 7- BitO Reserved. 
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SEQUENCER REGISTERS 

Name Port 
(hex) 

Sequencer Index 3C4 
Reset 3CS 
Clocking Mode 3CS 
Map Mask 3CS 
Character Map Select 3CS 
Memory Mode 3CS 

NOTE: I. Reserved bits should be set to i.ero. 

SEQUENCER INDEX REGISTER· READ/WRITE PORT = 3C4 

76543210 

jRI RI RI RI Rlo11lo11I011I 
I I I I I I I I 

Reserved 

Bit 7 · Bit 3 Reserved. 

Bit 2 • Bit 0 Sequencer Address/Index. 

Sequencer 
Addreeatlndex Bits 

Index 
(hex) 

()() 

01 
02 
03 
04 

The Sequencer Address Register is written with the index value (00H-04H) of the 
Seqencer register to be accessed. 

RESET REGISTER· READ/WRITE PORT= 3C5 AND INDEX REGISTER = 00 

Bit 7 - Bil 2 Reserved. 

Bit I SyncbroaousReset. 

011 

Asynchronous Reset 

Synchronous ReHt 

0 a Sequencer is cleamt and halted synchraiously. 
l:s OperaUonal mode (Bit 0 = 1). ' 

Bit 0 Asyncbronous Reset. 
0 = Sequencer is cleared and halted asynchronously. 
I = Operational mode (Bit I = I). 
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CLOCKING MODE REGISTER - READ/WRITE PORT JCS AND INDEX REGISTER= 01 

7 6 5 4 3 2 0 

1/0 1/0 1/0 1/0 

Reserved 

Screen Off 

Shift 4 

Reserved 

8/9 Dot Clocks 

Shift Load If Bits 4 • O 

Dot Clock 

Bit 7, Bit 6 Reserved. 

Bit 5 Screen Off. 

Bit4 

Bit 3 

Bit2 

0 = Normal screen operation. 
l = Screen turned off. SYNC signals are acti"Ve and this bu may be used for quick full 

screen updates. 

Video Serial Shift Register Loading. 
0 "' Serial shift registers loaded every character cklclt. 
l = Serial shift registers loaded every 4th character clock (32 bu fercbes). 

Dot Clock Selection 
0 = Normal dot clock selected by VCLKO input frequency (640 pixels). 
l = Dot Clock divided by 2 (320/3(i0 pixels). 

Shift Load. 
0 = If bit 4 of this registm' also equals 0, tbal video serializen will be loaded every 

characrer clock.. 
l = Video serializen are loaded every oda character cklclt. 

Bit 1 Reserved. 

Bit 0 8,9 Dot Cklclt. 
Commands Sequencer to gcnerare 8 or 9 dot wide character cklclt. 
0 = 9 dot wide character clock.. 
l '"' 8 dot wide cbanctier clock.. 
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MAP MASK REGISl'ER • READ/WRITE PORT = 3C5 AND INDEX REGISTER = 02 

7 6 5 4 3 2 0 

R 1/0 1/0 1/0 1/0 

I 
Reserved Map 1 

Enable 

Map3 Mapa 
Enable Enable 

Map2 
Enable 

Bit 7 • Bit 4 Rese:ved. 

Bit 3 • Bit 0 Controls Writing To Memory Maps (0 • 3). 

50 

O =Writing to maps (0 • 3) disallowed. 
1 .. Maps (0 • 3) accessible. 

CHARACTER MAP SELECT REGISTER 

READIWRlTE PORT 3C5 AND INDEX REGISTER= 03 

7 6 5 4 

1/0 

Aeaerved 

CharaCI• 
Map 
SeleclA 
Blt2 

Character 
Map 
Select B 
Blt2 

Characier 
Map 

Sel8CIA 
Bit 1 

3 

1/0 

2 0 

1/0 

Charact• 
Map 

Se1eC1 a 
Bit 1 

CharaCler 
Map 

Select A 
BitO 

Charact• 
Map 

SeleclB 
Bit 0 
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Clw'llder Map Select Register contin'd 

Bit 7, Bit6 Reserved. 

BilS 

Bit4 

Bit 3, Bit2 

Bit 1, BitO 

Character Map A MSB SelecL 
The Most Significant Bit (MSB) of character map A is defined by bits 3 and 2, 
conWning the character font table shown below: 

Bits 
5 3 2 Map Selected Font Table/Plane 2 or 3 I.oca1jon 

0 0 0 0 1st 8KB 
0 0 1 1 3rd8KB 
0 1 0 2 5th8KB 
0 l l 3 7th8KB 
1 0 0 4 2nd8KB 
1 0 1 s 4th8KB 
1 1 0 6 6th8KB 
1 1 1 7 81118KB 

Character Map B MSB Select. 
MSB of character map B is defined by bits 1 and 0, cOIWlining the font table 
described below: 

Bits 
4 I 0 Map SelecJr4 Font TahlclP!anc 2 IX 3 l mirioo 

0 0 0 0 lst8KB 
0 0 1 1 3rd8KB 
0 1 0 2 5d18KB 
0 1 1 3 7th8KB 
1 0 0 4 2nd8KB 
1 0 1 s 4d18KB 
1 1 0 6 6d18KB 
1 1 1 7 8d18KB 

Characer Map Select A. 
Refer to bit S lllble. 

Character Map Select B. 
Refeilto bit 4 lllble. 

NOTE: 1. Character Map selection from either Plane 2 or Plane 3 is <let.ermined by PR2(2), 
PR2(5) and bit 4 of the aaribute code. 
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MEMORY MODE.REGISTER· READ/WRITE PORT= 3C5 AND INDEX REGISTER = 04 

R R 

Reserved 

Bit 7 • Bit 4 Reserved. 

Bit 3 Chains4 Maps. 

R 1/0 1/0 R 

Chain 4 

I 
Reserved 

Extended Memory 

Odd/Even 

O .. Processor sequentially accesses dala ming map mask regisr.er. 
I =Directs the two lower mler video memory address pins (MAO, MAI) to select the 

map to be addressed. The map selection !able is shown below: 

MA1. 
0 
0 
I 
I 

MAil 
0 
I 
0 
1 

Bit 2 Odd/Even Map Selection. 

Map Enabled 
0 
1 
2 
3 

0 = Even processor addlesses to access maps 0 and 2. Odd processor addresses ro access 
maps 1 and3. 

1 = Sequential processor access as defined by map mask register. 

Bit I Extended Video Memory. 
0 = 64 KB of video memory. 
1 = Greater than 64KB of memory for VGA/EGA modes. 

Bit 0 Reserved. 
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CRT CONTROLLER REGISTERS 

Port Index 
VGA Register Name *6845 Register Name (hex) (hex) 

CRT Controller Address Register CRT Controller Address Register 3?4 
Horizontal Total t--- 3?5 00 
Horizontal Display Enable End t-- 3?5 01 
Stan Horizontal Blanlcing t--- 3?5 02 
End Horizontal Blanking t-- 3?5 03 
Stan Horiz.ontal Rettace Pulse t- 3?5 04 
End Horizontal Retrace t- 3?5 05 
Vertical T ota1 vertical Displayed 3?5 06 
Overflow t--- 3?5 07 
Preset Row Scan t-- 3?5 08 
Maximum Scan LinelOthers Maximum Scan Line Address 3?5 09 
CursorSiart Cursor Start 3?5 OA 
Cursor End Cursor End 3?5 OB 
Stan A<ldre§ High Stan Address High 3?5 QC 
Stan Address Low Stan Address Low 3?5 OD 
Cursor Location High Cunor Location High 3?5 OE 
Cursor Location Low Cursor Locatim Low 3?5 OF 
Vertical Retrace Start Light Pen High 375 10 
Vertical Retrace End Light Pen Low 3?5 11 
Vertical Display Enable End t 3?5 12 
Offset t 3?5 13 
Unck.rline Location t 375 14 
Start Vertical Blank t 375 15 
End Vertical Blank t 375 16 
CRTC Mode Control t 375 17 
Line Compare t 375 18 

NOTES: 

1. " 7 " Value is conarolled by Bit 0 of lbe Miscellaneous Oucput Register and is programmed as 
shown below : 

0 • B in Moaocbrome Modes mil 
1 • Din Col« Modes 

2. ••• 6845 Mede Rcgislas aic defined and explained in grearu dclllil in the reference 
lliaalme. 

3. "t" 1bis regisller can be programmed in VGA mode mly. It is not applicable in 6845 mode. 

4. Reserved bils should be set to uro. 
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CRT CONTROLLER REGISTERS DESCRIPTION 

CRT Address Register (Port = 3?4) 

Bil 7 - Bil S Reserved. 

Bit 4 - Bit 0 Index Regista Bits. 
CRT Conuoller index pointec bits lO specify !he register lO be addressed. Its value is 
programmed hex. 

tHorizontal Total Register (Port = 3?5, Index= OOH) 

B ii 7 - Bil 0 Count Plus Retrace Less S. 
In VGA mode, !he total character count is the total number of characters including 
retrace time less S, per horizontal scan line. 

tHorizontal Display Enable End Register (Port= 3?5, lndu = OlH) 

Bit 7 - Bil 0 Displayed Characters Less 1. 
Program count of die display.:d number of charactt.rs less 1 in VGA mode. 

tStart Horlzoatal Blanldna (Port = 3?5, lndu = 02H) 

Bit 7 - Bil 0 Character Cloclt Value. 
Horizontal blanking begins when the haimntal character counter reaches this character 
clock value. 

tEnd Horizontal Blankin& (Port= 3?5, lndes = 03H) 

Bil 7 Rcsuved. 

Bil 6, Bit S Display Enable Signal Skew IUDe. 
They define die display enable signal skew time in n:lalion ID bmizomal 
syncliroaiDlion pulses. The skew table is shown below: 

Bil WU. Skew jn Owgtcr Oq;ks 
0 0 0 
0 1 1 
1 0 2 
1 1 3 

Bil 4 - Bil 0 End Hmizomal Blank Signal Width. 
End barizairal blank signal widdl ·w· is deler'IDined • lbe value of !llrt blanting 
n:fPs!m plus "W" in character clocks. The least ~t live bits are programmed in 
this regista, while the sixlll bit is die Rell'ICC Register (index OSH) programmed as bit 7 
of the End Horizontal Register. 

NOTE: t This n:gister is locked if lhe Paradise Register PR3(S) = 1 OR the Vertical Retrace End 
Register bit 7 = 1. 
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CRT Controller Reatsten Description Contia'd 

tStart Horizantal Retrace Pulse Register (Port= 3?5, Inda:= 04H) 

Bit 7 - Bit 0 Horizontal Retraee Character CounL 
Hex value in character count at which horizontal retraee output pulse becomes active. 

tEnd Horizoatal Retrace Register (Port= 3?5, Indei: = 05H) 

Bit 7 MSB (Sixth Bit) Of End Horimntal Blanking Register. 

Bit 6, Bit S Horizontal Retrace Delay. 
These bits define horizontal rettace signal delay. See the following table for details: 

BiL6 
0 
0 
1 
1 

WU 
0 
1 
0 
1 

Qww;tcr C!gck Delay 
0 
1 
2 
3 

Bit 4 - Bit 0 End Horizontal Recrace Pulse Width "W". 
Stan reuace register value is added to die cbanlctt:r count fm widlb "W". The least 
significant five bill are programmed in this register. When die Sairt Harizantal Relnce 
Regislt::r value marches these five birs, the horizoatal rettace signal is lllmed off. 

;j:Vertical Total Register (Port= 3?5, Inda= 06H) 

Bit 7 - Bit 0 Raster Scan Line Toral Less 2. 
The least significant eight bils of a tm bit count of 11ster !CID lines for a display frame. 
The loaded value includes venical IOtal !CID. lines minus 2. Tune for venical reuace, and 
vertical sync is also included. The ninlh and tmdl bill r1 tbil c:ouat are lollded into the 
Vertical Overilow Re~ (index= 07H) bit 0 and bit S respectively. In 6845 modes, 
total venical display tune in rows is programmed into bit 6 • bit 0, while bit 7 is reserved. 
Scan co1D1t reductioa is not necessary. (The number of scan lines in a row is delennined 
by the Maximum Scan Line Register (index 09H) bill 0 dn 4). 

Overflow Vertical Reailter (Part= 3?5, lllda = 07H) 

;j:Bit7 

**Bit6 

;j:BitS 

Bit4 

:t:Bil3 

;j:Bit2 

**Bit 1 

;j:BitO 

NOTES: t 

•• 

* 

Vertical Rettace Slart Bit 9 (index• lOH). 

Vertical Display Enable &d Bit 9 (index• 12H). 

Vertical Total Bit 9 (index• 06H). 

Line COlllplftl Bit 8 (index• 18H). 

Stan Vertical Blank Bit 8 (index= 15H). 

Vertical Renee Saan Bit 8 (index • lOH). 

Vertical Display Enable &d Bit 8 (index• 12H). 

Venk:al Total Bit 8 (index • 06H). 

This regiSlel' is locked if die Paradise Regisler PR3(S) • 1 Oil die Vertical Recrace End 
Regisrcr bit 7 • l. 

This register is locked if the Paradise Register PR3(1) = 0 AND die Venical Reaace End 
Regista bit 7 • 1. 

This regisrer is locked if die Paradise Regislt::r PR3(0) • 1 OR die Vertical Retnce End 
Register bit 7 = 1. 
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CRT Coatroller Reaisten Description Contin'd 

Preset Row Scan RePiter (Port = 3?5, Index = OIH) 

Bit 7 Reserved. 

Bil6, Bit5 

Bil4 ·Bil 0 

Byte Panning ConuoL 
These bits allow up to 3 bytes to be pmned in modes programmed as multiple shift 
modes. 
WL.6 WU 

0 0 
0 1 
l 0 
1 1 

Preset Row Scan COWIL 

Oprarim 
Nonnal 
1 byte left shift 
2 bytes left shift 
3 bytes left shift 

These bits preset the vertical row scan COWlter once after each vertical re1n1ee. This 
counter is incremented after each horizontal rettace period. lllllil the maximwn row scan 
co1D1l is reached. When maximwn row scan count is iacbecl, die counter is cleared. This 
regisrer can be used far smoorb venical scroll of ta.L 

Maximum Scan Line Register/ (Port = 3?5, Inda = 09H) 

Bit 7 200To400 Line Conversion. 
0 = Nonnal operaDon. 

Bit6 

1 • Aclivare line doubling. The mw scan c:ounrer is clocbd at bllf the horizontal scan 
rare to allow 200 line modes to display 400 scan lines (ach line is double 
scanned). 

Line Colllpe. 
This is bit 9 of die Line Ccmpme Regisls (index • 18H). 

§Bit 5 Start Vertical Slant. 
This is bit 9 of die Start Venical Blank Re&isfer (index • lSH). 

Bit 4 • Bit 0 Maximum Scan Line. 
Maximum number of scanned lines for each row of characters. The value programmed is 
the maxim11111 number of IClllDed rows per cballlcrcr minus 1. In 6845 mode. bits 5-7 are reserved,_. bits 4-0 are pogrammecl with the maximum scan line count less l for 
DOD·intedace mode. Interlaced mode is not lllppDlllld. 

Cursor Start Rqilter (Part= 3?5, Inda= OAR) 

Bit 7, Bit 6 Reserved. 

Bit 5 Cunar CClllllaL 
O•Cunoroa. 
1 •Cursor ofl. 

c 

Bit 4 • Bit 0 1bele bits specify lhe mw scan COUllb!r value widlin die cbanlcter boll where the cursor 
begins. 1bele bill contain the value of the cllmcrer mw less 1. If lhi.s value is 
programmed widl a value gre111:r lball the Cunar End Regisls (index• OBH), no cursar is 
generared. Far 6845 modes, bit 7 is reserved. Bit 5 cOllllals Ibo cunar opellDoa and 
bits 4-0 contain the cursor start value. Bit 6 is aot med. 0 

NOTE: § This register is locked if the Paradise Register PR3(0) • 1. 
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CRT Controller ReiPsten Description Contin'd 

Cursor End Repiter (Port= 3?5, lndu = OBH) 

Bit 7 Reserved. 

Bit 6, Bit 5 Cursa Skew Bits. 
Delays lhe displayed curs« to the right by the skew value in character clocks e.g., 1 
clwacter cloc:k skew moves the cursor right by 1 position on lhe screen. Rcfec to lhe 
table below: 

B.iL6 
0 
0 
1 
1 

Bili 
0 
1 
0 
1 

SD 
0 
1 
2 
3 

Bit 4 • Bit 0 These bits specify lhe last row scan counter value within die characta box during which 
the cursor is active. If Ibis value is less than die cuncr llllt value, no cursor is displayed. 
In 6845 mode, bits 7-5 are reserved and bits 4-0 conlllin row value of die cursor end. 
NOTE: There are duee typeS of cursors genenrcd, depending upon the mode i.e., .EGA, 
VGA, or 684S (DOil· VGA). 1be above descripcion refers IO die VGA cursor only. 

Start Address HJp Register (Port 3?5H, 1Ddn =OCH) 

Bit 7 • BitO Display Screen SllR Address Upper By11e Bill. 
Eight high order bits of die 16 bit video memory address. used for screen refresh. 1be 
low Older eight bit regisr.er is at index OOH. The Pal8dile Regisr.er PR3 bits 3 and 4 
extend this video memory start register to 18 bill.. ID 6845 modes bils 6 and 7 are folced 
IO 0 regardless of this regisca'' s conrmts, while die lower ordcr 8 bits are at index 
register OOH. 

Start Address Low Reaf*r (Port= 3?5H, IDdn '" ODH) 

Bit 7 • BitO Display ~ SllR Address Lower By11e Bits. 
The lower ci'der eigbl bill ri die 16 llil video memory addms ill VGA or 684S modes. 

Cursor Locatiaa Hip Reaf*r (Port= 3?5, IDdn = OEH) 

Bit 7 • Bit 0 Cunar Address Upper Bylie Bill. 
Tbe eigbl bi&ber order bits of 16 bit cursor location ill VGA mode. For die lower Older 
eigbl bill, •die Cunor Loc:alion Low Regisler at index OF. l'.n VGA mode. the Paradise 
Reidsrcr PR3 bill 3 and4 extend die Cursor Loc:alion High Register IO 18 bits. For 
6845 modes. bits 6 and 7 are reserved. while bits S • 0 are die bigb order bits of die cursor. 

(~:: Cursor Location Low Repter (Port = 3?5, Inda: = OFH) 

Bit 7 • Bit 0 Cursor Address Lower By11e Bits. 
The lower order eight bits of the 16 bit video memory ~ in VGA or 684S modes. 
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CRT Controller Registers Description Contin'd 

§Vertical Retrace Start Register (Port= 3?5, Index= lOH) 

Bit 7 • Bit 0 Vertical Retrace Start Pulse Lower Eight Bits. 
The lower eight bits of the ten bit venical retrace start register. Bits 8 and 9 are located in 
the Overflow Register (index = 07H). In 6845 compatible mode, this register shows the 
high order six bits in positions 5-0 as the llgbt pen read back value, and bits 6 and 7 are 
reserved. The lower order eight bits of the llgbt pen read back register are at index l lH. 
In EGA compatible mode this register shows the high ordcc eight bits as the light pen 
value. 

§Vertical Retrace End Register (Port= 3?5, Index= UH) 

Bit 7 CRTC Registers Write Procect. 
0 = Enables writes ro CRT index registers OOH-07H. 
I = Write protec:IS CRT Conttoller index registers in the range of OOH-07H. The Line 

compare bit 4 in the Overflow Register (07H) is not porected. 

Bit 6 DRAM Refresh /Horimntal Scan Line. 
Selects S DRAM refresh cycles per barimllal scan Line. 
O = Generates 3 refresh cycles for each horizooral scan Line for normal VGA operation. 
I = Genenues S DRAM refresh cycles per horizooral ICall linea far 15. 75 KHZ display 

lllOllitors. 

Bit S Enable Venical Retrace Intenupe. 
0 • Enables venical rcttace intenupC. 
1 = Disable venical rcttace intemlpL 

Bit 4 Clear vertical Reuace Interrupc. 
0 =Clears vertical rcttace interrupt by rescuing (writing a 0 ro) an internal flip-flop. 
I = Vertical rcttace interrupc. Allows an interrupt ro be generared after the Wt displayed 

scan line of the frame bas occwed (i.e., the start al the boaom border). 

Bit 3 • Bit 0 Vertical Retrace End. 
They specilJ scan count al which vertical sync beaJmes inactive. For reuace signal pulse 
widdl "W", add scan count for "W" ro the value of the Vertical Retrace Start Register. 
The 4 bit result is wriaenin the Venical Reaace End Register. In 6845 or EGA 
compatible mode, this regisla allows lbe read back value of lbe lower eight bits of the 
Lipt Pea Reai*r· 

Vertical DllplaJ Eaable Ead Repter (Port= 3?5, lllda = UH) 

Bit 7 • Bit 0 Vertical Display Enable End Lower Eight Bils .• 
The eight lower bits of ten bit register that defines where die active display frame ends. 
The programmed COIDll is in scan lines minus 1. Bits 8 8lld 9 are in the Overflow Register 
(index 07H) al positions 1 and 6, respectively. 

NOTE: § This register is locked if the Paradise Register PR3(0) • 1. 
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CRT Controller Registen.Descripdon Contin'd 

Otrset Register (Port= 3?5, Index= 13H) 

Bit 7 - Bit 0 Logical Line Screen Width. 
This register specifies the width of display memory in terms of an offset from the current 
row start address to the next character row. The offset value is a word address adjusted 
for word or double word display memory access. It is calculared as follows: 

Next Row Scan·Start Address =Current Row Scan Start Address+ (K • value in Offset 
Register), where K = 2 in byte mode and K = 4 in word mode. 

Underline Location Register (Port= 3?5, Index= 14H) 

Bit 7 Reserved. 

Bit 6 Doubleword Mode. 
0 = Display memory addressed for byte or word access. 
1 = Display memory addressed for double word access. 

Bit 5 ColDlt By 4 For Double w<Xd Access 
O = Memory address counter clocked for byte or w<Xd accea. 
1 = Memory address counter is clocked at the characrer clock rare divided by 4. 

Bit 4 - Bit 0 Underline Locatioo. 
These bits specify the row scan counter value within a character maaix wbele underline 
is to be displayed. Load a value 1 less than the desired scan line number. 

§Start Vertical Blank Register (Port = 3?5, Inda = 1511). 

Bit 7 • Bit 0 Start V enical Blanlt Lower Eight Bits. 
The lower eight bits of the ten bit Swt Venical Blanlt RegisUr. Bit 8 is in the Overflow 
Register (index = 07H) and bit 9 is in the Maximum Scan Line Register (index = 09H). 
The ten bit~ is reduced by 1 from die desired !CID line Count where the Vertical 
blanlting signal starts. 

§End Vertical Blank JlePter (Port= 3?5, Inda= 1611) 

Bit 7 • Bit 0 Venical Blanlt Inactive Count. 
End V enic:a.l Blanlt is an 8 bit value calculaled u follows: 

8 Bit End Vertical Blanlt value,. 
(value of Start Venical Blanlt minus 1) +(value of Venical Blanlt signal in scan lines). 

NOTE: f This regista" is locked if the Paradise Register PR3(0) • 1. 
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CRT Coatroller Repaen Description Contin'd 

CRT Mode Ccmtrol Rep.er (Port = 3?5, Inclu:: = 178) 
This regislm is locked if Paradise Regis1er PR3(5) = 1. 

Bit7 Hardware ReseL 
0 = Horizonral and vertical retrace outputs to be inactive. 
1 = Horizonral and vertical reuace ouqiuts enabled. 

Bit 6 Word Or Byte Mode. 

NOTE: 

O = Word address mode. All memCll'y address cowuer bits shift down by 1 bit and !he 
MSB of the-address cowuer appears on the LSB. See the table below. 

1 = Byte address mode. 

Byte Word Doubleword 
Me!DQtY Addr;g Addres,,Mgdo Addres,,Mgdo AddrcpMgdo 

MAOIRFO MAO • MAIS or MAl3 MAl2 
MAl/RFI I 0 MA13 
MA2JRF2 2 1 0 
MA3/RF3 3 2 I 
MA4/RF4 4 3 2 
MA5/RF5 s 4 3 
MA6/RF6 6 s 4 
MA7/RF7 7 6 s 
MA8/RF8 8 7 6 
MA9 9 8 7 
MAIO 10 9 8 
MAil 11 10 9 
MA12 12 11 10 
MA13 13 12 11 
MAl4 14 13 12 
MAIS 15 14 13 

• See bit S, defming address wrap. This table is only applicable when Pandiae Regisler PRI 
bits 7 and 6 equal zero, or PR16 bit 1 equals one. 

The CRT Underline LocaDon Register (llldex • 14H) bit 6 also COllllOls ~ 
However, when CRT14H(6) • 0, ~CRT Mode Conaol Register (Uldmt 1 bit 6 
comrols addressing. See die table • 

CRT14H CRT17H Addrm 
BU ~ MadG 

0 0 Word 
0 1 Byte 
I x Doubleword 

Bil S Addrm Wnp. 
0 • In word lddlm mode, Ibis bit embles bit 13 or bit 15 ID appe1r a MAO, odlerwise 

bit 0..,,.. OD MAO. 
l •Select MAIS f« oddlewn mode when 2S6KB of video memory is used OD the system 

bolnL BU MA13 is med in appliauions wbich do not me sysrem bomt memory for 
CGA eompMibillty. 

Bil 4 Reserved. 

Bit3 COIDltby2 
0 •Character clock incremems memay address COUlller. 
I== Character clock divided by 2 inaemenls the address counrer. 
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CRT CoaCrollerRegisters.Description Contin'd 

CRT Mode Control Register Contin'd 

Bit 2 Horizontal Retrace Clock Rare Select For Vertical Timing Counrer. 
0 = Selects horizontal retrace clock rate. 
I = Selects horizontal re1raee clock rare divided by 2. 

Bit 1 Select Row Scan Counter. 
0 =Selects row-scan counter bit 1 as output at MA14 address pin. 
I =Selects bit 14 of the CRTC address counter as output at MA14 pin. 

Bit 0 6845 CRT Controller compatibility mode support for CGA opaation. 
0 = Row scan address bit 0 is substituted for memory address bit 13 at MA13 output pin 

during active display time. 
I =Enable memory address pin 13 to be output at MA13 address pin. 

Line compare Register (Port= 3?5, lndes: = 188) 

Bit 7 - Bit 0 Line Compare Lower Eight Bits. 
Lower eight bits of the ten bit Scan Line Compare Register. Bit 8 is in the Overflow 
Register (index = 07H) and bit 9 is in the Maximum Scan Line Register (index = 09H). 
When the vertical coonrer reaches this value, the internal start of the line cowutr is 
cleared. 
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GRAPlllCS CONTROLLER REGISTERS 

Name 

Graphics Index Register 
Set/ Reset 
Enable Ser/ Reset 
Color Compare 
Daia Roiate 
Read Map Select 
Graphics Mode Registu 
Miscellaneous Register 
Color Don't Care 
Bit Mask Register 

Port 
(Hex) 

3CE 
3CF 
3CF 
3CF 
3CF 
3CF 
3CF 
3CF 
3CF 
3CF 

Index 
(Hex) 

()() 
01 
02 
03 
04 
05 
06 
07 
08 

NOTE: 1. Reserved bits should be set to zero. 

GRAPlllCS INDEX REGISTER· READ/WRITE PORT= 3CE 

7 6 5 4 3 2 1 0 

R R R R I 110 I 110 I 110 I 110 I 
I I I I I I 

Reserved Graphics Addntss Bits 

Bit 7 - Bit 4 Reserved. 

Bit 3 -Bit 0 Graphics Conuoller Register Index Poinrer Bits. 
Note dl8t some of die Paradise registers reside wilh lhe index pointer extension beyond 
graphics Conuoller registers. 
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SET I RESET REGISTER· READ I WRITE PORT JCF AND INDEX REGISTER = 00 

Bit 7 - Bit 4 Reserved. 

7 6 5432 0 

R R R R 1m 1m 1m 1m 

Reserved 

Set/Reset 
Map3 

Set/Reset 
MapO 

Set/Reset 
Map 1 

Set/Reset 
Map2 

Bit 3 • Bit 0 Ser/Reset Map. 
When the CPU executes display memory write with Write Mode O* selected and the 
Enable Ser/Reset Register (index ,. OlH) activated, the eight bits of the bit value in this 
register, which have been operated on by the Bit Mast Register, are then written to the 
corresponding display memory map. It is an eight bit fill openlioa. The map 
designations are defined below: 
O=ReseL 
l=Set. 

Wl 
3 
2 
1 
0 

~ 
Map3 
Map2 
Mapl 
MapO 

NOTE: *The selection of Write Mode 0 is determined by 1be Graphics Mode Register (index = OSH) 
bit 1 and bit 0. 

ENABLE SET I RESET REGISTER· READIWRlTE PORT,. 3CF AND INDEX REGISTER =01 

Bit 7 - Bit 4 Reserved. 

6 5 4 3 0 

R 1/0 1/0 1/0 

Enable 
Set/R ... t 
Map2 

Enable 
Se~Reset 
MapO 

Enable Enable 
Set/Reset Set/Reeet 
Map3 Map 1 

Bit 3 - Bit 0 Enable The Set/Reset Register (Index• OOH). 
0 = When Write Mode 0 is selected, these bits, set to 0, disable the Sel/Resea Register 

(index = OOH) memory map access and the ·map is written with the rowed 8-bit data 
value of the system microprocessor. 

1 = When Write Mode 0 is selected, these bits enable memory map access defined by the 
Ser/Reset Register (index = OOH), and the iespective memary map is written wilh the 
Ser/Reset Register value. 
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COLOR COMPARE REGISTER· READ/WRITE PORT JCF AND INDEX REGISTER= 02 

3 2 0 

1/0 1/0 1i0 1/0 

Coior 
Compare 
Map2 

Color Color 

Coior 
Compare 
MapO 

Compare Compare 
Map3 Map 1 

Bit 7 - Bit 4 Reserved. 

Bit 3 - Bit 0 Color Compare. 
The colCI' compare bit contains the value IO which all 8 bits of the corresponding memory 
map are compared. This comparison also occurs across all four maps. and a 1 is returned 
for the map positions where the bits of all fOID' maps equal their corresponding color 
compare value. 
When read mode bit 3 in the Graphics Mode Regista (index = OSH) is set to 1 
and the system does a memory read, a 1 will be returned for each bit where the four maps 
equal the ColCI' Compare Register. If a system read is done with bit 3 = 0 fCI' the 
Graphics Mode Regista (index = OSH), dala is returned without comparison. Color 
compare map coding is shown below: 

lli1 Color Compare 
3 Map3 
2 Map2 
l Map I 
0 MapO 

DA TA ROT ATE REGISTER· READ/WRITE PORT= JCF AND INDEX REGISTER= 03 

Bit 7 - Bit 5 

Bit4, Bit 3 

64 

765432 0 

Reserved. 

Function Select 

110 1/0 110 1/0 110 

Rotate 
Count 2 

Bit2 

Rotate 
Count O 

BitO 

Rotate 
Count 1 

Bit 1 

Function Function 
Select 1 Select 0 

Funcuon select for any of the write mode operations defined in lhe Graphics Mode 
Register (index = 05 H) is defined as follows: 
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Data Rotate Register contin'd 

B.iL.4. 
0 

0 

Bit 2 - Bit 0 Rotate CounL 

.B.i.r...l 
0 

0 

EwWm 
Video memory data unmodified 

Video memory data ANDed with 
system data in the latches 

Video memory data ORcd with 
system data in the latches 

Video memory data XORed with 
system data in the latches 

It specifies number of bit positions of rotation to the righL Data written by the CPU is 
rotated in write mode 0, defined by the Graphics Mode Register (index = 05H). 

READ MAP SELECT REGISTER· READ/WRITE PORT= 3CF AND INDEX REGISTER= 04 

6 5 4 

R R R 

Reserved 

Bit 7 - Bit 2 Reserved. 

Bitl, Bit 0 Map Select. 

0 

Map 
SelectO 

Map 
Select 1 

These bits select memory map in sys&em read operations. It bu no effect on cola 
compare read mode. Map read is defined as shown under: 

lliU 
0 
0 
1 
1 

IWl 
0 
1 
0 
1 

Rca4Map 
0 
1 
2 
3 
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GRAPIDCS MODE REGISTER - READ/WRITE PORT = JCF AND INDEX REGISTER = 05 

7 5 4 3 

R 1/0 1/0 1/0 

256 Color Mode 

Shift Register 

Odd/Even 
(Emulates 

CGA 
Compatible 
Modes) 

0 

1/0 

Write Mode Write Mode 

Read Type 

Bit 7 Reserved. 

Bit6 256 Color Mode. 
0 = Enables bit S rA. this register to COlllrol loading of die shift registers. Four bit pixel is 

ex1>811ded to six bill tbrough internal plllea.e and is sem out on die lower six bits 
(VlD5 - VID()) pins every dot clock. The remaining two video ou1p11ts (VID6, VID7) 
are determined by bits 2 and 3 of the Colar Select Register located at index .. 14H 
within the Attribute ConU'Oller. 

1 = Load video shift registers to support 256 color mode. 

Bit S Shift Register. 
Shift register load conU'Ols die way in which memory data is formaa.ed in the four video 
shift registers. MSB is shifted out in all cases. 
0 = Map 0 - Map 3 data is placed into shift registers for normal operations. 
1 = For CQA graphics mode compalibility, even numbered bits from all die maps are 

shifted out of die even numbered shift registers. and odd numbered bits from all the 
maps 1111 sbiftcd out of odd numbered shift registers. 

Bit 4 OddlEven Mode. 
0 =normal 

Bit3 

Bit2 

66 

1 = CGA campalible odd/even system access mode. Sequential addresUng as defined by 
bit 2 of tbe memoiy mode register (index .. 04H) in die Sequencer Register. Even 
system addresses acceu maps 0 or 2 and odd system addresses access maps 1 or 3. 

Read Mode. 
0 • System reads data from memory maps selected by Read Map Select Register 

(index 04H). 'Ibis selling will have no effect if bit 3 rA. the Sequencer Memory Mode 
Rcgisrer • I. 

1 =System reads the comparison of die memory maps and die Color Compare Register. 

Reserved. 
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Graphics Mode Register Coatin'd 

Bit I. BitO Write Mode. 
The following table defines the four write modes. 

liltJl 
0 

0 

.B.ill 
0 

0 

Write Mcx!e 
Write Mode 0. If the Set/Reset Register function is 
enabled for any of the maps, the eight bits of the 
bit value in the Set/Reset Register, which have been 
operated on by the Bit Mask Register, are then written 
to the corresponding display memory map. If the 
Set/Reset RegISter function is disabled, the map is 
written with the CPU data which is right rorated by the 
number of bits defined in the Data Rorate Register, with 
the old LSB now the new MSB. 

Write Mode 1. This mode can be used to write the same 
value to many memory locations. The 32 bits of data in 
the system latches are written into each of the four 
memory maps. The system read operation loads the 
lalches. 

Write Mode 2. Memory maps (3: 0) are filled with the 
8-bit value of the corresponding CPU data bits (3 : 0). 
The 32 bit oulpllt of the fOID' memory maps is operated on 
by the Bit Mask Register and the resulting data is written 
to the four memory maps. 

Write Mode 3. Eight bits of the value contained in the 
Set/Reset Register (index .. OOH) is written into the 
corresponding map, regardless of the Enable Set/Reset 
Register (index= OlH). The right rotated CPU data 
(see Write Mode 0) is ANDeci with Bit Mask Register 
data to fmn an 8-bit mask value that performs the same 
function as the Bit Mask Register in Write Modes 0 
and2. 

MISCELLANEOUS REGISTER· READ/WRITE PORT = 3CF AND INDEX REGISTER = 06 

Bit 7 - Bit 4 Reserved. 

4 3 2 

1/0 1/0 

Odcl/Even 

Memory Memory 
Map 1 MapO 
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MiscellaDeous Rqister C1>ntill'd 

Bit3,Bit2 Memory Map l, O 
Display memory map conaol into the CPU address space is shown below: 

BiL3. 
0 
0 
l 
1 

Bi1.2. 
0 
1 
0 
1 

CPU Address Ran&e 
AOOOO - BFFFFH 
AOOOO - AFFFFH 
BOOOO-B7FFFH 
B8000 - BFFFFH 

Le.llilll 
128KB 
64KB 
32KB 
32KB 

Bit 1 Odd/Even Mode. 
0 =CPU address bit AO is the memory address bit MAO. 
1 = CPU address bit AO is replaced by higher ord« address bit AO is then used to select 

odd or even maps. AO • 0 selects map 0 or 2, while AO'" 1 selects map 1 or 3. 

Bit 0 Graphics/Alphanumeric Mode 
This bit is programmed the same way as bit 0 of the AUribute Mode Conaol Register. 
O = Alphanumeric mode selected. 
1 = Graphics mode selected. 

COLOR DON'T CARE REGISTER· READ/ WRITE PORT JCF AND INDEX REGISTER= 07 

4 3 2 0 

Reserved MapO 

Map3 Map 1 

Map2 

Bit 7 - Bit4 Reserved. 

Bit 3 ·Bit 0 Memory M8fl Color Compme Opel8lioD. 
Map codiDa II shown below: 

Bill BU D.iL.l B.irJl 
Map# 3 2 1 0 

0 • Disable color compue operalion. 
1 •Enable color compare operaliod. 
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BIT MASK REGISTER· READ/WRITE PORT = JCF AND INDEX REGISTER = 08 

7 6 5 4 3 2 0 

1 /0 1/0 1/0 1/0 1 /0 1 /0 1/0 1/0 

Bit Mask 
1 =Unimpeded Writes 

o~lmmune to Change 

Bit 7 • Bit 0 Bit mask. 
Bit mask operation applies simultaneously to all the four maps. In Write Modes 0 and 
2, this register provides selective changes to any bit stored in the system latches during 
proceSD" writes. Data must be first latched by reading the addressed byte. After setting 
the Bit Mask Register, new dala is written to the same byte in a subsequent operation. Bit 
mask operation is applicable to any dala written by the processor. 
O = Bit position value is masked or is not changeable. 
1 = Bit position value is unmasked and can be changed in the corresponding map. 
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A 1 :JBVTE CONTROLLER REGISTERS 

Name 

Index Register 
Paleae Regisrers 
Attribure Mode Control Register 
Overscan Control Register 
Color Plane Enable Register 
Horizontal PEL Panning Regisler 
Color Select Regisler 

NOTES: 

Port 
(Hex) 

3CO 
3CO 
3CO 
3CO 
3CO 
3CO 
3CO 

Index 
(Hex) 

00--0F 
10 
11 
12 
13 
14 

1. Each attribure data regisler is written at 3CO and regisler data is read from address 3C 1. 

2. Reserved bias should be set to zero. 

3. ? " Value is controlled by Bit 0 of die Miscellaneous Oulput Regisla" and is !X'Ogmmmed 
as shown below : 

0 = B in Monochrome Modes and 
1 = D in Coler Modes 

A TfRIBUTE INDEX REGISTER· READIWRlTE PORT= 3CO 

7 6 5 4 3 2 0 

1/0 1/0 

Reserved Attribute Address Bits 

Palette Address Source 
1 .. Normal Operation 
o. To Load Color Palette Regiate111 

Bit 7, Bit6 Resaved. 

Bit 5 Palette Address Soun:e. 
6 • Disable iDrlllmal color palette C)Ulpll&S and video outputs to allow CPU access to color 

paleaie repsrers (index 00 • OFH). 
1 •Enable inlmlal color palette and narma1 video nnslllion. 

Bit 4 - Bi& 0 Allrihure COllllOllcr Index Register Address Bill. 

NOTE: 1be AaribUle Index Regisacr has an inranal Oip-Oop, 181ber than an input bil, which conaols the 
selection of die Adlhss and Dara Registers. Reading die Input SlllUS Register l (DOR. 3'? A) 
clears the flip-flop and selec:IS die Address Regisacr, whicb is read dlnl address 3C1 and written 
at address 3CO. Once the Address Regisler has been loaded with an index, die nellt write 
operation to 3CO will load the Dara Register. The fliP-flop roggles between the Address and 
the Dara RegiSlerS after every wriie to address hex 3CO, but does not roggle for reads to address 
3Cl. 
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PALETIE REGISTERS (00..()F Hex)· READ PORT JCl/WRITE PORT JCO 

5 4 3 2 

Reserved 

VI04 VI02 VIOO 

Bit 7, Bit 6 Reserved. 

Bit 5 - Bit 0 Palette Pixel Colors. 
They are defined as follows: 
0 = Current pixel color deselected. 
I = Enable corresponding pixel color per the rable below: 

Bit5 
Bit4 
Bit3 
Bit 2 
Bit 1 
BitO 

VID5 
VID4 
VID3 
VID2 
VIDI 
VIDO 

A TIRIBUTE MODE CONTROL REGISTER 

READ PORT JCl/WRITE PORT JCO AND INDEX REGISTER = 10 

5 

1/0 

Reserv 

PEL Width 

3 2 0 

110 1/0 1/0 

GraphicalAJphanumeric Mode 

Mono-Emulation 

Enable Line Graphics Character Code 

Enable Blink/Select Background Intensity 

PEL Panning Campatibility 

Bit 7 VIDS, VID4 SelecL 

Bit6 

0 .. VIDS and VID4 palette register ou1puis are selected. 
1 =Color Select Regisrer (index 14H) bits 1 and 0 are selected flX' outpUts at VIDS and 

VID4pins. 

Pixel Width. . . 
0 = Disable 256 color mode pixel widlil. The PCLK outpUt is Ille same as die internal dot 

clock rare. 
1 = Enable pixel width for 256 color mode. The PCLK outpUt is the inrernal dot clock 

divided by two. 
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Attribute Mode Control Register Contill'd 

BitS PEL Panning Compatibility. 
Line Compare in the CRT Coniroller. 
0 = A Line compare will have no effect on the PEL Panning Regist.er. 
1 = Allows a successful line compare to disable the PEL Panning Register and also bits S 

and 6 of the CRT Coniroller Regist.er 08 unlil VSYNC occurs. Allows pixel panning 
of a select.ed porlion of the screen. 

Bit 4 Reserved. 

Bit 3 Back Ground Intensity/Blink Selection. 
0 = Selects background int.ensity from the MSB of the attribute byt.e. 
1 = Selects blink attribute. 

Bit 2 Enable Line Graphics Charact.er Code. 
Set this bit to zero for character fonts that do not utime line graphics character codes. 
O = Forces ninlh dot to be the same colar as background in line graphics character codes. 
I = Used in MDA line graphics modes. The ninth dot character is forced to be 

idenlical to the eighth character doL 

Bit I Mono/Color Emulation. 
0 = Color display atlribut.es. 
1 = MDA amibut.es. 

Bit 0 Graphics/Alphanumeric Mode Enable. 
0 = Alphanumeric mode. 
1 =Graphics mode. 

OVERSCANCOLORREGISTER 

READ PORT 3Cl/WRITE PORT 3CO AND INDEX REGISTER= 11 

7 6 5 4 3 2 0 

1ro 1ro 1ro 1ro 1ro 1ro 1ro 

VID7 VIDS VID3 VID1 

VID6 VID4 VID2 VIDO 

Bit 7 - Bit 0 Oversc:anlBorde Colar. 

72 

They determine the ovmcan or border colar. Far monoc:Juome display, Ibis register is 
set ID 0. Border colors arc set as shown below: 

Bit7 
Bit6 
BitS 
Bit4 
Bit3 
Bit2 
Bit 1 
BitO 

VID7 
VID6 
VIDS 
VID4 
VID3 
VID2 
VIDl 
VIDO 
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Bit7, Bit 6 

Bit 5, Bit4 

COLOR PLANE ENABLE REGISTER 

READ PORT JCI/WRITE PORT JCO AND INDEX REGISTER = U 

7 6 5 4 3 2 0 

Reserved Enable Color Plane 

Reserved. 

Video Status Control 

Video Video 
Status Status 
MUX 1 MUX 0 

These bits select 2 out of 8 coltw" outputs which can be read by the Input Staws Register 1 
(pon = 03?A) bits4 and 5. 

Color Plane 

lliU 
0 
0 
1 
1 

liiLi 
0 
1 
0 
1 

Input Siarus ReiUster 

lliU 
VID2 
VID5 
VID3 
VID7 

1liLi 
VIDO 
VID4 
VIDl 
VID6 

Bit 3 - Bit 0 Color Plane Enable. 

Bit 7 - Bit4 

Bit 3 - BitO 

0 = Disables respective color planes. 
1 = Enables the respective display memtw"Y color plane. 

HORIZONTAL PEL PANNING REGISTER 

READ PORT 3Cl/WRITE PORT 3CO AND INDEX REGISTER= 13 

7 6 5 4 3 2 1 0 

I R I R I R I R I 110 I 110 I 110 I 110 I 
I I I I I I I I 

Reserved Horizontal PEL Panning 

Reserved. 

Horizontal Pixel Panning. 
It is available in text or graphics modes. These bits select pixel shift to the left 
horizomally. For 9 dots/character modes, up to 8 pixels can be shifted h!)rizontally to 
the lefL Likewise, for 8 dots/character up to 7 pixels can be shifted horizontally to the 
left. For 256 color, up to 3 position pixel shift can occur. The following table defines 
the shift in different modes: 
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Horizontal Pel Panning Register contin'd 

Left Shift Pixel Value 

Re&i•tcr value 9 Dots/Charai;1cr 8 Dots/Charai;tq 256 color Mode 

0 1 0 0 
l 2 1 
2 3 2 
3 4 3 
4 5 4 2 
5 6 s 
6 7 6 3 
7 8 7 
8 0 

COLOR SELECT REGISTER 

READ PORT 3Cl/WRITE PORT JCO AND INDEX REGISTER= 14 

7 6 5 4 3 2 0 

R R R R 1ro 1ro 1ro 1ro 

Reserved 

S_Color 7 S_Color 6 

S_Color 5 S_Color 4 

Bit 7 - Bit 4 Rescned. 

Bit 3, Bit 2 Color Value MSB. 
Two most significant bits of the eight digit colcr value for the video DAC. They are 
nonnally used in all modes except 2S6 color graphics. 
Bit 3 = Set color bil VID7. 
Bit 2,. Set color bit VlD6. 

Bit 1, Bit 0 Substituled Color Value Bits. 
1beae bill can be substi1111ed for VIDS and VID4 ouq>ut by the Allribute Controller palette 
regisrms, to create eight bit color value. They are selecled by tile Allribute Conaoller Mode 
Contr0I Register (index= lOH). 
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COMPATIBD..ITY REGISTERS 

Name 

Mode Cammi Register 
Color Select Regisier 
Stat us Regisier 
AT & T /M24 Register 
Hercules Register 
Preset Light Pen La!Ch 
Clear Light Pen Latch 

NOTES: 

Port 
(Hex) 

3?8 
309 
3?A 
3DE 
3BF 
3B9 (Mono) & 3DC (CGA) 
3?B 

1. The Compatibility Registers are available only in 6845 mode (non-VGA), which is enabled 
by setting Paradise Register PR2(6) = l. 

2. The AT&T/M24 Register also requires that M24 mode be enabled. This is done by setting 
Paradise Register PR2(7) = l. 

3. "?" Value is controlled by Bit 0 of the Miscellaneous Output Register and is programmed 
as shown below: 

O = B in Monochrome Modes 
1 = D in Color Modes 

MODE CONTROL REGISTER 

MONOCHROME (HIGH RESOLUTION) MDA OPERATION ·WRITE ONLY PORT= 388 

0/1 R 0/1 0/1 

Re~ed Reserved Reserved 

1 ·Enable Blink 1 ·High Resolution Mode 

1 ·Video Enable 

Bit 7, Reserved. 

Bit 6 Reserved. 

Bit 5 Enable Blink. 

Bit4 

Bit 3 

0 .. Disable blink. 
1 = Enable blink. 

Reserved. 

Video Enable. 
o = Video disable. 
1 = Video activaled. 
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Mode Control Register contin'd 

Bit 2, Reserved. 

Bit I Reserved. 

Bit 0 High Resolution Mode. 
0 = High resolution disabled. This is not allowed in MDA designs. 
I = High resolution is enabled. 

COLOR CGA OPERATION· WRITE ONLY PORT= 308 

Bit 7, Bit6 

Bit5 

Bit4 

Bit3 

Bit2 

Bit 1 

BitO 

76 

5 4 3 2 0 

Reserved Alpha Mode 

Enable Blink Graphics/Alpha Mode Select 

BIW/Color Mod9 Select 

Enable Video 

BIW Graphics Mode 

Reserved. 

Enable Blinlt Function. 
O = Disables blinking function. 
I = For norilal opcrmion, set this bit co allow blinking. 

B/W Graphics Mode Enable. 
0 = Deselect 640 x 200 B/W graphics mode. 
1 = Enable 640 x 200 B/W graphics mode. 

Activate Video Signal. 
0 • Dectivues video signal. This is doae during mode changes. 
1 • Enable video signal. 

B/W cc Coklr Display Mode. 
0 • Coklr mode selected. 
1 "' 8/W mode enabled. 

Text or Graphics Mode Selection. 
0 = Alpha mode enabled. 
1 = Graphics mode (320 x 200) activated. 

( 40 x 25) or (80 x 25) Text Mode Selection. 
0 = (40 x 25) alpha mode enabled. 
I = (80 x 25) alpha mode activated. 
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Bit 7, Bit 6 

Bit5 

Bit4 

Bit 3 

CGA COLQR SELECT REGISTER· WRITE ONLY PORT= 3D9 

7 6 5 4 3 2 0 

0/1 0/1 0/1 0/1 0/1 0/1 

Reserved 
I 

Graphics Mode Color Set 

Blue Border 

Green Border 

Red Border 

Border Intensity 

Alternate Color Set 

Reserved. 

3 20 x 200 Color Set SelecL 
0 = Disable 320 x 200 color mode. 
1 = Color set selection for 320 x 200 color mode. 

Alternate Color Set Enable. 
0 = Background color in alpha mode. 
1 = Enable alternate color set in graphics mode. 

Border Intensity. 
Border color select in text modes, and screen background color in (320 x 200) and 
(640 x 400) graphics mode. 
Alphanumeric Mode. 
1 = Selects intensified border color. 
320 x 200 Graphics Mode. 
I =Selects iniensified background and border color (CO-Cl). 
640 x 200 Graphics Mode. 
1 = Selects intensified foreground color. 

Bit 2 Red Borda/Background. 

Bit 1 

Border color select in text modes, and scn:cn background color in (320 x 200) and 
(640 x 400) graphics mode. 
Alphanumeric Mode. 
1 = Selects red border color. 
320 x 200 Graphics Mode. 
1 =Selects red background and border color (CO-Cl). 
640 x 200 Graphics Mode. 
1 = SeleclS red foreground color. 

Green Border/Background. 
Border color select in text modes, and screen background color in (320 x 200) and 
(640 x 400) ~s mode. 
Alphanwnmc Mode. 
1 = Selecis green border color. 
320 x 200 Graphics Mode. 
1 = Selects green background and border color (CO-C 1). 
640 x 200 Graphics Mode. 
l = Selects green foreground color. 
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CGA Color Select R~r ContiD'd 

BitO Blue Border/Background. 
Border color select in text modes, and screen background color in (320 x 200) and 
(640 x 400) graphics mode. 
Alphanumeric Mode. 
1 = Selects blue border color. 
320 x 200 Graphics Mode. 
1 =Selects blue background and border color (CO-Cl). 
640 x 200 Graphics Mode. 
1 = Selects blue foreground color. 

CRT STATUS REGISTER 

MDA OPERATION· READ ONLY PORT= JBA 

R 

0 

Reserved 

1 .. vsvNC Inactive 

~· 
Reserved \.J 

Bit 7 

Bit6-Bit4 

Bil3 

Bil 2·Bil1 

BilO 

78 

1.0lsplay Enable Inactive 

1 •B/W Video Enabled 

Venical RelnlCe. 
o • lndicares Ille raster is in vatical rerrace mode. 
1 = lndicalcls venical retrace is inactive (inverted VSYNC if IJO is mapped into 3BX). 

Reserved.. 

B/W Video Slll&US. 
0 = B/W Video disabled. 
l .. B/W video enabled. 

Reserved.. 

~~· 
~ • ~y linable is active. 
1 • IDdicafa the screen border or blanking is aclive: Display Enable is inacUve. 
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Bit 7- Bit4 

Bit 3 

Bit2 

Bit I 

BitO 

CGA OPERATION ·READ ONLY PORT= 3DA 

7 6 5 4 3 2 

R R R R 1/0 R 

Reserved 1 =Display Enable Inactive 

1 =Light Pen Latch 
Set 

1=Light Pen 
Switch Status 

1aVSYNC Active 

Reserved. 

Venical Retrace. 
0 = Indicates vertical retrace is inactive. 
I = Indicates the raster is in vertical retrace mode. 

Light Pen Switch StalUS 

0 = Light pen switch closed 
I = Light pen switch open 

Light Pen Latch. 
O = Light pen latch cleared. 
I = Light pen latch set. 

Display Enable. 
0 = Display Enable is active. 
I = Indicates the screen border or blanking is active; Display Enable is inactive. 
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AT&T I M24 REGISTER· WRITE ONLY PORT= JDE 

This is a wriie only, 8-bit register localed at address 3DE. It is used to conttol the 640x400 AT&T graphics 
mode. All bits are set to zero by reset This register is enabled by setting bit 7 in Paradise Register 2 (PR2). 0 

6 5 3 2 0 

1/0 1/0 R 1/0 

Reserved Reserved ReMIVed 

White/Blue Underline AT&T Mode Enable 

Character Set Select 

Memory Map Display 

Bit 7 Reserved. 

Bit 6 White/Blue Underline. 
Defines underline amibute according to the MDA display requirements. 
0 = Underline anribure selects blue foreground in colclr reu modes. 
1 = Underline amibure selects white underlined foreground. 

Bit 5, Bit 4 Reserved. 

Bit 3 Page Select. 
Selects between one or two 16KB RAM page for display in 200 line graphics mode. 
0 = Display memory address starts a& B8000H (16KB lengtb). 
1 = Display memory address starts al BCOOOH (16 KB lengdl). 

Bit 2 Character Set Select. 
Selects between two character font planes. 
0 = Standald character font from plane 2. 
1 = Altemlte character font from plane 3. 

Bit 1 Reserved. 

Bit 0 M24 or Non-IBM Graphics Mode. 

80 

A 400 line IDOllirar is required for this mode. 
0 • 200 line graphics mode active, using paired lines. 
1 • AT &:T mode enabled for 400 line graphics. 
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HERC~ REGISTDS 

The Heicules Mode Register is a 2-bit write only register located at I/O pon address 3BF. It affects the 
device operation only in the 6845 mode. The enable mode register located al the address 3?8 overrides the 
write port 3BF functions defined by its bits 0 and 1. The associated deta11s are shown below: 

NO'IE: 

ENABLE MODE REGISTER - 3?8 

7 6 5 4 3 2 0 

NIA NIA NIA NIA NIA 1/0 NIA 

Display 
Memory Page Address 
Graphics Mode 

Port 3BF Bit 0 
Override 

1.0 " ? " = " B " for Monochrome mode and "D " for Color mode. 
2.0 " N/A" =Not Applicable. 

Bit 7 Display Memory Page Address In Graphics Mode. 
O = Display memory page address starts at BOOOOH. 
I = Display memory page address stans at B8000H. 

Bil (6:2,0) Nol Applicable. 

Bil 1 Port 3BF Bit 0 Override. 
O = Prevents setting of Pon 3BF bit 0, there by being the alpha mode operation. 
1 = Allows the Pon JBF bit 0 to swilcil for the alpha or graphics mode selection. 

HERCULES MODE REGISTER - WRITE ONLY PORT= 3BF 

7 6 3 2 0 

R R 1/0 

Reserved Enable Graphics 

Upper Memory Address 

Sl'.e 3?8 Bit 1 

See 3?8 Bit 7 
Bit 7 - Bit 2 Reserved. 

Bit 1 Upper Memcxy Page Address. 

Bi10 

Enable Mode Control Regisrcr (378) bit 7 selects the displayed memory page address in 
die graplljcs mode. When it is reset. bit 1 prevents access to the second memory page, 
locared at B8000H for the 32KB memcxy space. 
0 = Upper memcxy page is mapped OUL 
1 = Upper memory page is accessible. 

Enable Graphics. 
Allows the Enable Mode Regisler (3?8) bit 1 to override. 
0 =Alpha mode display. 
1 = Text or graphics modes may be displayed. 
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EGA MODE 

For the register definlions dW have Dot changed from the VGA modes, refer to the VGA description. 
Only the dllferences between the VGA and EGA regisrers are briefly described in lhis section. Also, refer 
to the prior section fer VGA mode deW!s. Not Used bits should be set to 0, unless otheiwise noted. 

A general procedure to enter EGA mode of operalioo is described. 1be actual software implementation 
details are Dot covered in this proc:edme. These stepS are briefly defined to oulline the EGA mode entry: 

• Load Configumion register bit 8. Logic 0 for VGA compadble PS2 display or Logic 1 for EGA 
compatible 'ITL monitor by appropriate pullup or pulldown resistor on MD(I I). (Pullup resistor 
on MDI 1 causes CNF(S) to be larcbed wilb logic 0, for Analog PS2 compatible display). 

.. 

.. 

.. 

.. 

• 
• 

• 

Unlock aD lbe Paradise registers . 

Program PR2(6) to 0 for EGA mode • 

Set PR4 bit I to logic I for EGA compali.bility • 

LoadPRI I(7:4) with EGA Configuralioa swircbes by using pullaporpulldown resistcnoa pins 
MD( IS: 12). (Pullap resisror causes logic 1 to be larched after power m raec.) 

The EGA switch selling may then be read from PRl 1(7:4) at llO pan 3C2 bit 4 • 

If EGA is to be emulared on the IBM PS2 type am1og display, follow die suggesred sreps lisr.ed 
below: 

0 
0 
0 
0 

0 
0 

Initialize all the registers. 
Lock CRT controller regislas. 
Force Clock Con1rol rare of the CRT controller. 
Set EGA emulation mode by pognmming: 

PR11(3) • I ; Set EGA emulaliOa m PS2 type display 
PR14(6) • 1 ; Vertical double scan 
PR11(2) • I ; Lock clock seJec:l 
PR 11(0) • 1 ; Lock 819 dot liming. 
PR14(7) • 1 ; Enable IRQ (opcioaal) 

Lock the Paradise registers PRO-PRS 11111PRlO-PRl7. 
Read plOleCl Paradise regisren. 

When EGA is requiml on a 'ITL monit&lr, die sugpsled SIBpl are: 

0 Inmalize all the regisrers. 
o SetEGA 'ITL mode by~ 

PR11(3) • 0 ; EGA 'ITL 
PR14(7) • l ; Elllble IRQ 
PRI!5(6)• I ; SetLowCloct 
PR14(7) • 1 ; Enable IRQ 

o Lock Paradise registers PRO-PRS and PRlO-PRl 7 
o Read proteet Paradise registers. 

For more details on die Paradise registers, refer to lbe Paradise regmm secdm. The EGA register 
summary shown on die next page highligllls all the EGA mode regislell. 
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EGA REGISTERS SUMMARY 

( 
REGISTERS EGA l/OPORT 

General Registers: 

Miscellaneous Output Reg WO 3C2 

Input Status Reg 0 RO 3C2 

Input Status Reg 1 RO 3?A 

Feature Control Reg WO 3?A 

Sequencer Rexisfers: 

Sequencer Index Reg WO 3C4 

Sequencer Data Reg WO 3CS 

CRT Controller Registers: 

Index Reg WO 3?4 

CRT Controller Data Reg Except WO 3?S 

(~ 
the following: 

Start Address High (lndex=OC) RW 3?S 
Start Address Low (lndex=OD) RW 3?S 
Cursor Location High (lndex=OE) RW 3?S 
Cursor Location Low (lndex=OF) RW 3?S 
Light Pen High, (lndex=lO) R 3?S 
Light Pen Low, (lndex=l l) R 3?S 

Graphics Controller Reglsten: 

Index Reg WO 3CE 

Other Graphics Reg WO 3CF 

Attribute Coatroller Repten: 

Index Reg WO 3CO-

Allribure ConlrOller Data Reg WO 3CO-

NOTES: 1. RO= Read Only, WO= Write Only, and RW •Read/Write. 
2. All Register addre3ses are in hex. 
3. " ? • = • B • in Monochrome modes or· o-• in Color modes. 
4. " • " =Identical responses from 00 portS 3CO and 3Cl. 
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GENERAL REGISTERS 

Only the Geoenl RegisleIS and the bit definitions dlat dilrer between the VGA and EGA are addressed. 
Theu EGA mode bit definitions are provided. 

Miscellaneous Output Register ( Write Port 3C2 ) 

Bits (7:5) EGA: Same as Miscellaneous Outpul Register Bits (7:5) definition in the VGA section. 

Bit 4 EGA: It disables the internal video driven. 

Bits (3,2) EGA: 

Logic 0 = Activates Video driven 
Logic l ,. De-aclivlleS video driven. 

Bit3 Bil2 

0 
0 

0 
1 

0 

14 MHz clock (VCLKO) is selected. 
16 MHz clock (VCl.Kl) is selected if Configuration Register 
Bit3 isO. 
External User Defined Clock (VCLK2) from the feanue 
connecuir is selected if Configuradon Register Bit 3 is 0. 

Not Used. VCLK2 selected if Configuralioa Regista Bil 3 is O. 

Bit (0) EGA: Identical to Miscellaneous OulpUl Register Bit 0 ddini1ion in die VGA section. 

Input Status Repter 0 ( Read Port JC2) 

Bit 7 EGA: Same as Input Status Register 0, Bil 7 definition in die VGA section. 

Bits(6,5) 

Bit4 

Bits (3:0) 

EGA: Not used 

EGA: The fom configuration swiu:bes' infarmllica srmecl in PRl 1 can be read at this 
bit if PR4(1) has been set ID 1. 

EGA: Not used 

Input Status Repiter 1 (READ PORT J?A) 

Bit (7) EGA: Mot used 

Bit6 EGA: Set to 1. 

Bits (5:3) EGA: Idmlicll ID Input SIBIUS Regisler 1 Bits (5:3) definidoa in die VGA section. 

Bill EGA: No&Ulld. 

Bil 1 EGA: No&Ulld. 

Bil(O) EGA: Same• Input Status Regista 1 Bit 0 definlioa in die VGA section. 

Feature Control Rqister ( WRITE PORT J? A ) 

Bits (7:0) EGA: Not used 
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SEQUENCER REGISTERS ( PORT JCS) 

( Clocking Mode register ( Index = 01 ) 

( 

Bits (7:4) 

Bits (3,2) 

Bit I 

Bit (0) 

EGA: Not Used 

EGA: Same as Clocking Mode Register Bits (3,2) definition in the VGA section. 

EGA: Set to zero 

EGA: Identical to Clocking Mode Register Bit 0 definition in the VGA section. 

Character Map Select Register (Index OJ) 

Bits (7:4) 

Bits (3,2) 

Bits (l,Q) 

EGA: Not Used 

EGA: Characte.r Map Select A 

Bits 
3 2 Map SeJcw:d Foo! Table/Plane 2 or 3 I ''C?rioo 

0 0 0 lst8K 
0 1 1 2nd8K 
1 0 2 3rd8K 
1 1 3 4rh8K 

EGA: Characte.r Map Select B 

Bits 
0 Map Se!cctcd Fon! Tahlc:JP!anc 2 or 3 Locarign 

0 0 0 lst8K 
0 1 1 2nd8K 
1 0 2 3rd8K 
1 1 3 4rh8K 

NOTE: 1. Characte.r Map selection from either Plane 2 or Plane 3 is 
deramined by PR2(2). PR2(S) and bit 4 oldie aaribute code. It may be 
ovenidden by selling PR15(2) to 1 in alpha modes. 

Mem01"7 Mode llqiaer ( lllda = 04) 

Bits (7:3) EGA: Not Used 

Bits (2,1) 

BitO 

EGA: ldauical to Memory Mode Regisf.er BiU (2,1) definition in die VGA section. 

EGA: Alpha mode bit 

A logic 1 shows that Alpha mode is aetive and character 
map selection is enabled. A logic 0 disables Alpha modes and enables 
non-Alpha modes. 
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CRT CONTROLLER REGISTERS (PORT 3?5) 

The EGA n:gisren lbat are different are listed. For similar n:gisters and identical bits within n:gisrcn 
refer ID the VGA seclion. Also, • ? • implies lbat a register is mapped into eilher 385 or 305, for 
Monochrome or Color display modes, respectively. 

Index Register ( Port = 3?.a ) 

Bits (7:5) 

Bits (4:0) 

EGA: NotUsed. 

EGA: Five bits point ID the CRT Registers Address Index where lhe data is ID be 
written. 

Horizontal Total Register ( lnclu = 00 ) 

Bits (7:0) EGA: Eight bits of value for the • Total Cbancter Count Less 2 • are loaded into this 
register. They define number of clwacters ID be displayed per horizontal line. 

End Horizontal Blankina Register ( IDclu = 03 ) 

Bits (7) EGA: Not Used. 

Bits (6,5) 

Bits (4:0) 

EGA: They define display enable skew in character cloc:ts. 

Bil6 BUS Skew 
0 0 0 
0 1 1 
1 0 2 
1 1 3 

EGA: Five bits of character count are loaded to decamine when the llorizonral 
blanking signal becomes inactiw. 

End Horizontal Retrace Repter ( laclu = 05) 

Bit7 

Bits (6:0) 

EGA: It defines the start of die odd or even CRT counter me.JI.DY addless following the 
horizonlal n:nce time. Logic •1 • .. Odd Address and logic ·o· =Even Addn:ss. 

EGA: Sapie as End Horizontal Retrace Register Birs (6:0) definition in the VGA 
sdcdoa. 

Vertical Total Rqistff ( lllda = 06) 

Bits (7:0) EGA: Lower eight bits of the CRT vertical frame time in scan lines including the 
venical reuace. 

CRT COlllnlllr <>....now ........ ( lada • 07) 

Birs (7:S) EGA: No& lllOd. 

Birs (4:0) EGA: Idenlicll 10 CRT Coattoller Overflow Reprs Bill (4:0) definition in die VGA 
section. 

Preset Row Seu Rqilter ( lada = 08) 

Birs(7:S) 

Bits (4:0) 

86 

EGA: Not med. 

EGA: Same as Preset Row Scan Register Bits (4:0) detinilion in the VGA section. 
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CRT CONTROLLER REGISTERS ( PORT 3?5) CNTD. 

Maximum Scan Line Repter ( Index = 09) 

Bits (7:5) 

Bits (4:0) 

EGA: Not used. 

EGA: Same as Maximum Scan Line Register Bits (4:0) definition in !he VGA section. 

Cursor Start Register ( Index = OA) 

Bits (7:5) 

Bits (4:0) 

EGA: Not used. 

EGA: Same as Cursor Start Register Bits (4:0) definition in !he VGA section. 

Cursor End Regt,ter (Index= 08) 

Bit (7) 

Bits (6.S) 

Bits (4:0) 

EGA: Not used. 

EGA: They defme cum~ signal skew in character clocb. 

Bit6 BitS Skew 
0 0 0 
0 I I 
l 0 2 
l I 3 

EGA: These bits define Cursor End value of row scan address COWtler. The 
programmed value is equal to "N+ l" whml "N" is the last row of the Cursor to 
be displayed. 

Vertical Retrace Start Rqtster ( Inda = 10 ) • Write 
(Light Pen High register, Index .. 10 ·Read) 

Bits (7:0) EGA: Lower eight bits of the vertical rell'llCe saan position programmed in horizontal 
scan lines. 

(Light Pen High : Bits 7:0 are the high order bits of memory addrm COWtter when light pen lriggeted. 
Not supported by WD90COO.) 

Vertical Retrace Ead Repter (IJlda = 11) ·Write 
( Light Pen Low regisrer, Index • 11 • Read ) 

Bits (7,6) 

BitS 

Bit4 

Bits (3:0) 

EGA: Not Used 

EGA: It enables the IRQ output buffer control if Logic 0 is pogrammed. The IRQ latch 
widlin the CRT controller determines the logic swe of the IRQ output signal. 

EGA: 

EGA: 

If programmed as logic l, the IRQ buffer is swirched to a high impedence state. 

When programmed to logic 0, the IRQ latch is reset. and cleared to 0 if bit S = 0. 
If it is logic 1, the IRQ latch gets set at Ille end of the vertical display. 

Identical to Vertical Rcuace End Register Bits (3:0) definition in the VGA 
section. 

(Light Pen Low : Bits 7:0 are the low order bits of memory address counter when the light pen triggered. 
Not supported by WD90COO.) 
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CRT CONTROLLER~ fERS (PORT 3?5) CNTD. 

Underllae Locatioa Register ( Inda: = 14) 

Bits (7:5) 

Bits (4:0) 

EGA: Not used. 

EGA: Horizonllll scan row where die UDderline will be displayed. 

EDd Vertical Blaakina Register (Inda= 16) 

Bits (7:5) EGA: Not used. 

Bits (4:0) EGA: Identical to End Vertical Blanking Register Bits (4:0) definition in die VGA 
section. 

Mode Control Repter (Inda= 17) 

Bits (7:5) EGA: Same as Mode Control Register Bits (7:5) definition in dle VGA section. 

Bit 4 EGA: Not Used. 

Bits (3:0) EGA: Identical to Mode COllllOl Register Bits (3:0) definition in die VGA section. 

GRAPIDCS CONTROLLER REGJSTERS (PORT xr) 

Read Map Select lleai*r (Inda "'CM) 

Bits (7:3) EGA: Not Used. 

Bits (2:0) EGA: Map select bits (2:0) which zepreeeot encoded Yllue of dle memory plane in 
binary as sbown below: 

D2 

0 
0 
0 
0 

Dl 

0 
0 
1 
1 

DO 

0 
1 
0 
1 

Map seleculd 

0 
1 
2 
3 

Mode Reai*r ( llldn = 05) 

Bit(6..7) EGA: NotUsed 

Bits (5:2) 

Bits (1,1)) 

88 

EGA: Idmtical to Mede Regisler Bits (S:2) definition in dle VOA section. 

EGA: Binary c:oded wrire bits define die wriie modes per tlble below: 

Bill Bit 0 Func:tioa 

0 
0 
l 
l 

0 
1 
0 
1 

Wriie mode 0 • Refer to earlier sec:tim 
Wriie mode 1 • Refer to earlier section 
Write mode 2 • Refet to earlier section 
Wrire mode 3 • Not Lepl. Selects wrire mode l. 
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ATIRIBUTE CONTROLLER REGISTERS (PORTS= JCO / 3Cl) 

Palette RePten ( Inda: = 00 through OF ) 

Bits (7,6) 

Bits (5:0) 

EGA: Not Used. 

EGA: Dynamic color selection. Logic 0 = Colar de-selection, and Logic 1 = color 
selection pee the table below: 

Bits Color Pixel 
5 Secondary Red PS 
4 Secondary Green P4 
3 Secondary Blue P3 
2 Red n 
1 Green Pl 
0 Blue PO 

Mode Control Register (Index= 10) 

Bits (7:4) 

Bits (3:0) 

EGA: NotUsed 

EGA Identical to Mode Conttol Register Bits (3:0) definition in the VGA section. 

Overscan Color Register ( Inda: = 11 ) 

Bits (7,6) 

Bits (5:0) 

EGA: Not Used 

EGA: Overscan color far the border. For a mooocbrome disolay, set all the six bits to 
logic O. The border color is defined by the color table lor die Pa1euc registers 
shown~. 

Color Plane Enable Register (Inda= U) 

Bits(7,6) 

Bits(S,4) 

Bits (3:0) 

EGA: Same as Color Plane Enable Register Bits(7,6) in die VGA section. 

EGA: Determines twO of six colon for the Video Slalllll Mm. pee die table listed: 

BltS Bil4 

0 
0 
1 
1 

0 
1 
0 
1 

Input SIBlllS Regisaer 1 (Port 3?A) 
BitS Bit4 

n (Red) 
PS (SRed) 
P3(SBlue) 
PS (SRed) 

PO(Blue) 
P4(SGreen) 
Pl (Green) 
P4(SGr=n) 

EGA: Same as Color Plane Enable Register Bits (3:0) definition in the VGA section. 

Horizolltal PEL Pamalag Repter ( llldes = 13) 

Bits (7:4) EGA: Not Used 

Bits (3:0) EGA: These four bits determine the horizontal left shift of the video data in number of 
pixels. In lllOllOCbrome alpha numeric modes. (9 docslcbaracla) image can be 
shifted by 9 pixels. For all odier graphics or alpha awneric modes, a maximwn 
left shift of 8 pixels is penniued.. Refer to the left shift pixel table of the 
Horizonlal PEL Panning Register Bits (3:0) dc3cribed in the VGA section. 
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WD90COO PARADISE REGISTERS 

The Paradile WD90COO bas additional features that enhance the perfonnance and functions of the 
PVGAlA, inlroduced earlia-, and the basic VGA subsystem. To accomplish Ibis, the WD90COO arcbitec
ture is optimized with additional l/O registers. 

WD90COO uses the MCLK IO derive the DRAM timing in Alpha and Grapbics modes. A 36 MHZ 
MCLK is provided for 120ns access lime DRAMs. Similarly, 45 MHz MCLK is connected for the lOOns C-____ , 
access time DRAMs. In Alplut modes, page read mode is also provided for faster video memory read 
operations. Due IO the above changes in design, the WD90COO peiformance will be significantly betttz 
than lhe PYGAlA. The regisrers are at the JJ0 locations l!!lused by IBM. All registers are read/write, 
except where nored. 

1Sam1 Dai111b llfl lm:ld1111 

Address Offset A PROA(6:0) 3CF.09 
Alternate Addreu Offset B PROB(6:0) 3CF.OA 
Memory Size PR1(7:0) 3CF.OB 
Video Select PR2(7:0) 3CF.OC 
CRT Control PR3(7:0) 3CF.OD 
Video Conll'Ol PR4(7:0) 3CF.OE 
Unlock PRO.PR4 PR5(7:0) 3CF.OF 

UnJockPRll-PR17 PR10(7:0) 3?S.29 
EGA Switches PR11(7:0) 3?S.2A 
Scrar.ch Pad PR12(7:0) 3?S.2B 
Interlace H/2 Stan PR13(7:0) 3?5.2C 
Interlace H/2 End PR14(7:0) 3?S.2D 
Miscellaneous Conuol 1 PR1S(7:0) 3?S.2E 
Miscellaneous Conuol 2 PR16(7:0) 3?S.2F 
Miscellaneous Conuol 3 PR17(0) 3?S.30 
Reserved 3?S.31 - 3?S.3F 

Note: 1.0 The designalion 3?5 means that die register is mapped inlO eitber 385 in manocbrome 
mode or 305 in color modes. 

2.0 Paradise register nowion - XXX. YY where XXX is die dara port~ and YY is the 
register index e.g. 3CF.OF implies OF->3CEH (Selec:i Illdu repsw) followed by 
(Dara byte) -·> 3CF (Dara Pon). 

Registm PRO through PR4 and PRU through PRl 7 are narmally loclri:d. They are write protected at 
powa--up by the han1WIR reset. In order to load dlOlle repren. the IJllllOllliare unlock regisu:r PR5 or 
PRlO must be loaded first w\11 binary XXXXX101; a reglSler remains ualocted until any other value is 
written to die unlocked repter. RCBisfa's PRO through PRS aie readable only if PR4 bitl • 0. Registers 
PRlO through PR17 are read prwcled at power up by hardware rue&. In order to read regisfen PRlO 
through PRl 71.oad PRlO widt lXXXOXXX. The register remains readable 1mlil any other value is wriUen 
to PRlO. When regisfen PRlO dtlOugb PRl 7 are read prollllCted, =diem would show dara to be 
FFH. Seaing PR4bit 1to1 does not read prorectregisters PRlO PR17. All PR regillln. are set 
IO 0 at power-on-l'CICll, Cllcep& wllae llOICd. 

PRO A,11 • [JC1'M,3CllA] Addns Offset Repten PROA le PROB 

The WD90COO CID c:aallOI up ID one megabyte of video RAM. However, die memary map Cm IBM PC 
and compmble ~ usips 128 Kb)'lleS of die available lMB IOfal sysrem space to die video conuoller. 
Therefore, die video memory space starts at AOOOOH and ends at BFFFFH. To allow a IOCOl!d video card 
to co-exist, dtis spece is furdtur limilled IO I 64KB video memory plltirioa. Primary offset register 
(PROA), is always enabled if PR(0:4) is unlocked. PROA is narmally used ID coaaol 64KB of die avail
able video address space. 

Alternatively, for 64KB VGA address space Paradise address offset regisrer (PROA) and addlaa offset 
register (PROB) may be used to accesa two 32KB video RAM windows. PROA window is mapped from 
A8000H-AFFFF while PROB is mapped from AOOOOH-7FFFFH if PRl bit 3 is set to 1 (Alternate address 
register PROB is enabled). 

Similarly, for 128KB address space, PROA is~ from BOOOO-BFFFF while PROB is mappped from 
A()()Q(}.AFFFF when die alternate address space register PROB is enabled. 
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PRO A.II· [JCFM, 3CFOAJ Address Otrset Registers PROA & PROB (CNTD.) 

These registers contain an offset which geis added to the system address when accessing more than 64K 
bytes of video memory. Address offset register A is the primary address offset register and is always 
enabled. On the olhcr hand. alternate address offset register B is enabled only if PRl bit3 is set to I. 
PROA.B register seven bit offset is added to address bilS (12: 18) of !he system address bus SA(O: 19) to 
form a 20 bit address. It can be lhought of as being segment registers DS and ES of !he 8088 / 80X86 
architecture. PROA.B will have 4KB segments. Bit 7 of bod!, PROA and PROB, are not used and always 
set to 0. This is shown in graphic below: 

At At A17 A11 At A14 At At 

CPU ADDRESS 1 0 1 0 0 0 0 0 

~~~~E lolol1lolololol 

ACT\W. -11 I o I , 11 I a I o I o I o I 

PRO A • ADDRESS OFFSET REGISTER A· READ/WRITE PORT= 3CF & INDEX REGISTER::09 

7 6 5 4 3 2 1 0 

I R1~1~1~1~1~1~1~1 
I I I I I I I I 

R-rved Primary Add1'881 Offset B1t1 

Addrasa Otfsat Register A 
Added to the System Address 
Selected When Addrasa Bit A 1 S-1 
It is the Default Addr8sa 
Offset Register 

PROB ·ADDRESS OFFSET REGISTER B ·READ/WRITE PORT=JCF & INDEX REGISTER=OA 

7 6 s 4 3 2 1 0 

I RIMIMIMIMIMIMl~I 
I I I I I I I I 

Reserved Alternate Addrasa Offset Bits 
Addrau Offset Register B 
Selected by System Addrau 
only if PR1(bit3)•1 
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PRl • [3CP.OB] Memory Size 

This register is 8 bits wide. _Bits PRl (1:0) are larched int.emally at power on reset from die 
corresponding memory dara bus pins MD (1:0), using either pullup or pulldown external resiSUlrs. 
Pullup resistors on MD(l:O) causes PRl(l:O) bits to be larched low. According ID the VGA video memory 
organization, 256KB of the available memory space is divided into four 64KB maps (0.3) each defining bit 
planes (0.3). In mode 13, the four bit pJanes are chained to form one large bit plane. 

The starting address of die 256KB video memory buffer can be configured to match other video adaprers, 
and, or, application programs. For examole. 256KB video display buffer wilh 128KB or 64KB segmems 
can start at address AOOOO (Hex) while 32KB segments Sllll'l 11 address BOOOO (Hex) or BSOOO (Hex). 
WD90COO enhances memory si7.e capabilily when bits 6 and 7 are programmed ID extend video buffer size 
to 512KB or 1024KB. The DRAM organizalioas supported by the WD90COO and its associaf.ed video 
space table are shown below: 

DRAMS 

64Kx4 
64Kx4 
256Kx4 

MA8 
PIN 

NIU 
BANK SELECT 
DRAMPINAS 

VIDEO 
SPACE 

256KB 
512KB 
1024KB 

MEMORY 
PLANES 

FOUR ( 64KB PER PLANE) 
FOUR (128KB PER PLANE) 
FOUR (256KB PER PLANE) 

When video memory size is 512KB, and 64Kx4 DRAMS are used, two blllb of 64KB form 128KB 
per plane. MA8 provides the bank selec:Uon using an external mukiplexer to access lbe appropriare bank in 
a plane. Four planes form lbe desired 512KB video memory space. For 1024KB video memory size, MAS 
is directly connected ID die A8 address pin of lbe 2S6Kx4 DRAMS, and two DRAMS form a 256KB per 
plane. Four planes mm lbe desired 1024KB video memory space. For more delBils, refer to 1be 
programming seclion lisred on die next pap. 

PRl bits 7 and 6 must be set to reftect lbe maountof memory inslalled. ThCle bits in conjunction with 
PR16 (1) also select the way memory is mapped into die systaD address space. If PR16 (1) is set to 1, die 
memory mapping is same a IBM VGA reganllcss of PR.I (6) and PRl (7). 

GRAPHICS MODE RAM ADDRESSING: 

PR1(7) PR1(6) 

0 0 2S6KTOTAL; 64ICJPLANE; IBM VGA MEMORY ORGANIZATION 

VIDEO BYTE WORD DBL WORD 
RAM 
ADDR 
BIT CPU CRT CPU CRT CPU CRT 

=i~ 
0 0 0 0 0 0 
0 0 0 0 0 0 

MA(15) A(lS) CA(lS) A(lS) CA(l4 A(lS) CA(l3) 
MA(14) A(l4) CA(l4) A(l4) CA(13) A(l4) CA(l2) 

MA(2) A(2) CA(2) A(2) CA(l) A(2) CA(O) 
MA(l) A(l) CA(l) A(l) CA(O) A(lS) CA(l3) 
MA(O) A(O) CA(O) A(l6) CA(lS) A(l~) CA(12) 

or· or 
XRN(S) CA(l3) 
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c-
PRl - [3CF.OB) Memory Size (CNTD.) 

PR1(7) PR1(6) 

0 256K TOTAL; 64KJPLANE; WD90COO MEMORY ORGANIZATION 

VIDEO BYTE WORD DBL WORD 
RAM 
ADDR 
BIT CPU CRT CPU CRT CPU CRT 

MA(l7) 0 0 0 0 0 0 
MA(16) 0 0 0 0 0 0 
MA(lS) A(lS) CA(l.5) A(lS) CA(l4) A(15) CA(l3) 
MA(l4) A(l4) CA(l4) A(l4) CA(l3) A(l4) CA(l2 

MA(2) A(2) CA(2) A(2) CA(l) A(2) CA(O) 
MA(l) A(l) CA(M A(l) CA(O) A(l7) CA(l.5) 
MA(O) A(O) CA( A(l6) CA(l.5) A(l6) CA(l4) 

c, 
PR1(7) PR1(6) 

0 512KB TOTAL IN FOUR PLANES ; 128KB I PLANE IN WD90COO 
MEMORY ORGANIZATION (EACH PLANE IS 2 BANKS OF 
64Kx8) 

VIDEO BYTE WORD DBL WORD 
RAM 
ADDR CPU CRT CPU CRT CPU CRT 
BIT 

MA(l7) 
A(l7)* CA(l.,,. MA(l.,,. A(l.,,. CA(l6)* A(l8)* CA(t6)• 

=~~ 
A(l.5) CA(l.5) A(l.5) CA(14) A(lS) CA(13) 
A(14) CA(14) A(14) CA(l3) A(14) CA(12) 

a A(2) CA(2) A(2) CA(l) A(2) CA(O) 

A(l~ CA(l) A(l) CA(O) A(17) CA(lS) 
A(O CA(O) A(l6) CA(lS) A(l6) CA(l4) 

f' __ ,/ NOTE: "*" Controls CAS exterul to WD90COO 
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PRl • [3CF.OBI Memory Size (CNTD.) 

PR1(7) PR1(6) 

1024KB TOTAL IN FOUR PLANES; 2S6K/PLANE IN WD90COO 
MEMORY ORGANIZATION 0 

VIDEO BYTE WORD 
RAM 

DBL WORD 

ADDR CPU CRT 
BIT 

CPU CRT CPU CRT 

MA(17) A(l7) CA(l7) A(l7) CA(l6) A(l7) CA(lS) 
MA(l6) A(l6) CA(l6) A(l6) CA(lS) A(l6) CA(l4) 
MA(lS) A(lS) CA(lS) A(lS) CA(l4) A(IS) CA(l3) 
MA(l4) A(l4) CA(l4) A(l4) CA(l3) A(l4) CA(l2) 

MA(2) A(2) CA(2) A(2) CA(l) A(2) CA(O) 
MA(l) A(l) CA(l) A(l) CA(O) A(l9) CA(l7) 
MA(O) A(O) CA(O) A(l8) CA(l7) A(l8) CA(l6) 

NOTE: 1. A(l9)-A(O) are modified System Addresses. 
2. CA(l 7)-CA(O) are CRT Conaoller CWacr.er Address COWlr.er bits. 
3. XRN(S) is Miscellaneous =Register 3C2, in'lellal bits. This bit selects tho displayed 

page in chained modes. XRN( is selected as MA(O) if GR6(3) OR GR6(2) = 1. 
4. CA(l3) is selccteclas MA(O) if CR.TC Mode 

Regislier Rl7(S) • 0. 

PRl ·MEMORY SIZE REGISTER· READ/WRITE PORT=JCF le INDEX REGISTER=OB 

PR18(1) 

VGA 256~VGA 0 
PVGA 256~ Paradle VGA 0 
PVGA 512~ Paradee Ex1lfld9d VGA 0 
PVGA 1024~ ParadlM Edinded VGA 0 
VGA (Any at 1119 llbove) 

7 e s 4 3 2 

0/1 0/1 0/1 0/1 0/1 

Slz8 Selllcl 
0 0 
0 1 
1 0 
1 1 
x x 

BIOSAOMMlp 
1-SIOS ROM Mljlp9d Our' 

BIOS ROM 0.. Pd'I Wldlh 
1 •18 Bit BIOS ROM Da• P11t1• 
o.a Bil BIOS ROM Ollla Pa1h 

Enlble Vld9o Mlmoly Bui 
1·18 BitWld9 Bia 

Enlble ~ Addrml Olll9I Regiallr 
1~ A-.. Olll9I Regiallr B (PROS) Enable 
o.Pri11111Y Addrml Ollut ~(A) Enlble 

(See PRO A& PROB ~I 

MlmoryMmp 
VGA MlppirlQ 

Mlmory Mmp S.i.ct 
0 0 

Fillt 2581<8 c 1MB S,... 
Fillt 512KB c 1 MB 1P9» 
Fillt 10241<8 GnlaW 
Than Cl- E• To 1MB 
Sp.-

0 1 
1 0 

NOTE: • = A Pull Up Resista On MD(O) Or MD(l) Line Secs The8e Bill To 0 Al Power On Reser. 
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PRI • [JCF.08) Memory Size (CNTD.) 

NOTE: 

Bit7 Bil6 
0 0 
0 1 
1 0 

x x 
BitS Bit4 
0 0 

0 1 
1 0 
1 1 

Bil3 

Bil2 

Bill 

BilO 

PR16(1) MEMORY SIZE MAPPING 
VGA* 
PVGA** 
PVGA 

0 
0 
0 

0 

256KB STANDARD VGA 
256KB PARADISE VGA 
512KB PARADISE 
EXTENDED VGA 
1024KB PARADISE 
EXTENDED VGA 
Ally of the above 

MEMORY MAP 

PVGA 

VGA 

VGA Mapping in 64KB space - AOOOO to BFFFF 
Address Range 

1st 256KB in lMB space • 00000 to 3FFFF Address Range 
1st 512KB in lMB space - 00000 to 7FFFF Address Range 
1st 1024KB in grmim or equal ID lMB space • 00000 ID FFFFF 

Address Range 

Enable Altemare Address Offset Regislcr 
(Refer to PROA and PROB descripCions) 

Enable 16 bit bus for Video Manary 

When sec to 1, the BIOS ROM bas 16 bits dala padL 
If sec to 0, lbe BIOS ROM dala padl is 8 bits wide. 
A pullup on MD (1) sets this bit ID 0 at power on reseL 

If set to 1 the BIOS ROM is mapped out. Pullup reisistor larches 0 
after power up. A pullup on MD (0) secs this bit to 0 at power 
OllreseL 

" * " = Only 64KB me accessible for chained 4 pacbd pixel mode. 
" ** " =Paradise extended modes CID fully utilize up ID 256 KB. 

PRl ·VIDEO SELECT llEGJSTEll. READIWIUTE PORT=JCll' Ii: INDEX REGISTER=OC 

a.r.. Mlp a.-. 
S.PR2Bill2And5, 
Alang Wllh PR15(2) 

3 2 

ot1 ot1 0/1 0/1 

Clcic* Ill HarlzDntll Tlmlng 
1 ·HSYNC Timing far Ml OatillCl'llncls 
O.HSYNC liming far 18118 Oall/C~ 

Third ClaClk S.i.ct Une Ser'& 1D 
Emn11 ClaClk Chip ii CNF{3)•1 

UndlrllnWCharlcW Mlp 
S.-. PR2(2),PA2(S), llld PR15{2) 

C.,.,._ Clock Period Contra! 
(SEE BIT DESCRIPTION) 
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PR2 • [JCF.OCJ Video Select 

Bit 

Bit 

Bit 

Bit 

Bit 

7 

6 

5 

4 

0 
0 
1 
1 

2 

3 

0 
1 
0 
1 

Enable M24 mode. 

0 : VGA or EGA mode 
1: Non-VGA (6845) mode 

Character Map Select. The following functions are 
overriden by selling PR15(2). This bit in conjW1Ction 
with PR2(2) and bit 4 of the attribute code, enables 
character maps from planes 2 Cl' 3 to be selected pee 
the table below: 

PR2(5) PR2(2) A'IT(4) Plane Select 

0 0 x 2 
0 1 x 2 
1 0 x 3 
1 1 0 2 
l 1 1 3 

Note: Selling PR15(2) = l i.e. selecting page mode 
addressing overrides plane select table shown above. 

Character clock period control 

IBM VGA character clock (8 or 9 docs) 
7 docs (used for 132 character mode) 
9docs 
lOdocs 

Selecting 10 docs per character modifies the function 
of the borizonlal P£L Panning register (3C0.13). Pixel 
panning in die 10 dot-character modes is obtained by 
storing die following values inlO die horizontal PEL 
Panning register: 

P£L Panning Register value PELS Shifted Left 

@ 0 
08 1 
00 2 
01 3 
02 4 
03 s 
04 6 
OS 7 
06 8 
(jf 9 

NOIE: The chancter clock period control functions 
have DO effect in graphics modes. 

Underline and character map select. Setting this bit to l 
enables Wlderline for all odd values of auribute codes, 
e.g. Prognunming l gives blue underline. It overrides 
the background color function of lbe auribute code bit 
4 , whicb is farted to O. Therefore, only eight choices 
of background c:okn are selectable. This function 
allows ttading background cokrs for more character 
maps. In conjunction widl PR2(3), this bit is also 
decoded to enable character maps from planes 2 or 3. 
Sec PR2(5) for details. 
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PR2 • [3CF.OCJ Video Select (CNTD.) 

Bit 

Bit 0 

This bit is the third clock select line which is sent to 
the external clock chip if CNF(3) is set to 1. When 
CNF(3) is set to O. it locks the internal video clock 
select multiplexer. 

Forces horizootal liming clock of the CRTC 
to the higher rare (8 or 9 VCLKs). 

0 • Set horizontal sync timing for 16/18 dots per 
chamcter. 

1 = Set horizontal sync liming for 8/9 dots per 
character. 

PR3 • [3CF .OD] CRT Coacrol Alld Group Lcdmt 

The CRT comrol register'desc:riptian and software notalion are summariz.ed. For example, 
3?S.ll(7) refers to bit 7 oflbeCRTC dalaregisler 11 (Hex). To readdlis bit, tint write 11 (Hex) to 
to 3?4, then read 3?S and test bit 7's value. 

WD90COO CRT CONTROu.ER ·REGISTER LOCKING 

Regisler locking is conuollcd by 4 bits. They are PR3 (S,1,0) and 3?S.ll(7) (i.e. IBM Venical Retrace 
End Register bit 7 coorrolled by index register 11). When bit 7 is 1, CRT coruolla re~ (RO-7) are 
write proteeted per VGA clefin•rim For men infQID!ation on lbe five groups, and lbeD' locking schemes, 
refer ro lbe sec:UOll lfelow: 

GROUPO 
'Ibeleregislas are locbd if PR3(5)-1OR3?5.11(7)-1 
CRT c:onauller register 00 - Horizallll1 Total cb8rlctas per scan 
CRT c:onauller register 01 --~tal Display Enable End 
CRT c:omroller regisrcr 02 - Stan Hcrizontal Blanking 
CRT c:onauller register 03 - End HmimDlal Blanking 
CRT c:omroller register 04 - Swt Horizontal Reaace 
CRT conlrOller register OS - End Horizontal Reaace 
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PRJ.. [JCF.ODJ CRT Control And Group Locking(CNTD.) 

GROUP I 

GROUP2 

GROUP3 

GROUP4 

These registers are locked if PR3(1 )=O AND 3?5.11(7)= I 
CRT conttoller register 07(Bit6) ----- Venical Display Enable End bit 9 
CRT conttoller register 07(Bitl) ----- Venical Display Enable End bit 8 

Theseregistm are locked if PR3(0)=1OR3?5.11(7)=1 
CRT controller register 06 ----- Vertical Tolal 
CRT conttoller register 07(Bit7) ----Vertical Rettacc Start bit 9 
CRT conttoller register 07(Bit5) ----- Vcnical Total bit 9 
CRT controller register 07(Bit3) ---- Start Vertical Blank bit 8 
CRT controller register 07(Bit2) -- Vertical Rettacc Start bit 8 
CRT controller register 07 (BilO) ----- V crtical Total bit 8 

These registers are locked if PR3(0)= I 
CRT controller register OO(BitS) --- Start Vertical Blank bit 9 
CRT controller register 10 ---- Vcnical Rettacc Start 
CRT controller register l l(Bits 3-0) -- V crtical Rettacc End 
CRT controller register 15 -----Start Vertical Blanking 
CRT conttoller register 16 ----End Vertical Blanking 

This register is locked if PR3(S)m l 
CRTC mode conttol register l 7(Bil2) - Selects divide by two 

vc:rtical liming 

PRJ - CRT LOCK CONTROL REGISTER· READIWRlTE PORT=JCF & INDEX REGISTER=OD 

98 

Lock Horizontlll Til1jin9 

5 4 3 2 0 

0/1 0/1 0/1 Ol1 0/1 Ol1 

Lock Verbl Timing 
1•L.oclla CRTC ~of a-p. 

2 and 3. "'-'* ~ 
So,._. from UnodUng Gioup 2 

1 •Locka CRTC IWgistBra of a-p. 
0 and 4. PYever-. Applications 
Sollwlue from Unlocking Gioup 0 
~(S.•3'115.11(7)-0) 

~(Se• 3'115.11(7)-0) 

Lock~ 
,_,.,_. Applicalians Soflwu9 from 

L.oclling RegAn of Gloup 1 
(Se• 3'111.11(7)•1 I 

CRTConlral 
1 ·Conlroll ei- Slllrt, SIDI>. P19Ut Row Scan 
l Maximum Sc.rt Ln Addi.- Regilll< VU- TllTIH r-

Bit 8 Control 
Con1IOll Bit 8 of CRT CoMoler Slalt Mernaty 
Addi.a _High ~ 3'115.0C & Bit 8 of eur
Localon High 3?~.01!. Enllble Pat• ~ 
in6846Modt 

Bit9 Conll'Oi 
Contl'Olll Bit 9 of CRT Controller Sl8lt 
Memoty ~ High Repl9r 3?5.0C 
& Bit 9 of CWWt Localion High 3?5.0E 
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PRJ • [3CF.OD) CRT Control 

Bit7 
Bit6 
Bit5 

Bit4 

Bit3 

Bit2 

Bit 1 

BitO 

Lock VSYNC polarity, as programmed in 3C2 bit 7 
Lock HSYNC polarity, as programmed in 3C2 bit 6 
Lock horizontal timing. 
Locks CRTC registers of Groups 0 and 4. 
Prevents attempt by applications software to unlock Group O 
registers by setting 3?5.11 bit 7=0. 
Bit 9 of CRT Controller Start Memory Address High Register 
3?5 .OC, and bit 9 of Cursor Location High 3?5 .OE. This bit 
corresponds to Character Address CA (17). 

Bit 8 of CRT Controller Start Memory Address High Register 
3?5.0C, and bit 8 of Cursor Location High 3?5.0E. This bit 
corresponds to Character Address CA (16). 

Cursor start, stop, preset row scan, and maximum scan line address 
registers values multiplied by two. 

1 = Prevents attempt by applications software to lock registers of 
Group 1 by its setting 3?5 .11 bit 7= 1. 
Lock vertical timing. 1 = Locks CRTC registers of Groups 2 and 3. 
Ovenides attempt by applications software to unlock Group 2 
registers by its seuing 3?5 .11 bit 7-0. 

PR4 • VIDEO CONTROL REGISTER· READ/WRITE PORT=3CF & INDEX REGISTER=OE 

The video monitor output control register (PR4) can be programmed to bi-state the CRT display control 
outputs as well as video data for the RAMDAC, and memory control outputs. 

5 4 3 2 0 

Q./1 Q./1 Q./1 Q.11 Q./1 Q./1 Q./1 

1·BLNKN 
OUlpul Pin SUpplllNI 
Dieplay EMiiie Signlll 
PR15(1) o.nnlnn 
The()'**8 

o-PCU< 
Equllll lnWllled 
Video Doi Clock 

1•PCLK Equale 
Non·lnV811ed VCLK 

1-640 x (40Q./480) 
x 256 Color 
ModeSalacl 

D-256Color 
Mode Dlubled 

1·EGA 
Compllliilly See PR11 
BU (7:4) For Dllailll 

0-VGA 0t Non-VGA (6845) Opaiallan 

1-Lock 
PalelleAnd 
~Regill• 

1-ovantde 
CGA Enable Video Bit 3 
In Mode Regill8r 308H 
In Alpha Mode 80 x 25 

1·Trl-S-
DRAM Controller Pins MA (8:0), 
RAS, CAS, OE, And WE Far All Banks 

o-Nonnal Operllian 

1• Tri-State 
Outpu1 Pl,. YID (7:0) 
HSYNC, VSYNC and BLNKN 

o-Normal OparlUln 
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PR4 - [3CF.OE] Video Control 

Bit 7 

Bit 6 

Bit 5 

Bit 4 

Bit 3 

Bit 2 

Bit 

Bit 0 

This bit conttols the output signal BLNKN. Nonnally in the 
VGA mode, BLNKN is used by the external video DAC to 
generate blanking. If this bit = 1, the BLNKN ouiput 
supplies a display enable signal. A choice of two types of 
display enable timings can be selected, and is determined 
by PRlS(l). 

Select PCLK equal to VCLK. 
0 = PCLK is the inverted internal video dot clock, or half the 

dot clock frquency, depending upon the video mode. 
l = PCLK is always the non-inverted VCT.K input clock. 

Tri-state the outputs VID(7:0), HSYNC,VSYNC, 
andBLNKN. 

Tri-state the memory control outputs. The memory 
address bus MA(8:0), and all ten DRAM control 
signals are tri-stated when this bit is set to l. 

Overrides the CGA "enable video" bit 3 of mode 
register 308, only in 80 x 25 alpha CGA 
(Non-VGA) mode. Override effectively forces 
this bit to l. Power-on-reset causes no override. 

Lock palette and overscan registers. 

EGA compatibility bit where l =EGA Coml?8tible Mode. 
It disables reads to all registers which are wnte-only registers 
in the IBM EGA. Also, registers at 3COl3Cl change to write
only mode if the EGA compatibility bit is seL In addition to 
selecting EGA compatibility, setting this bit to 1 disables 
reading PRO-PRS. In VGA mode (PR(4) bit 1 is zero) 3CO 
register is read/write while 3Cl register is read only, per the 
Attribute Controller registers defmition. 

Paradise shift register control. It configures the video shift 
registers fl»" 25<H:olor mode. 

PRS- GENERAL PURPOSE STATUS BITS- READ/WRITE PORT=3CF & INDEX REGISTER =OF 

100 

765432 0 

0/1 0/1 0/1 0/1 0/1 

Read 
CNF(8) 
Status 

Read 
CNF(4) 
Slalus 

Read 
CNF(5) 
Slalus 

Read 
Stlllus 
CNF(6) 

Read 
CNF(7) 
Status 

PRO-PR4 
O X X W~eProllld8d 
X 1 X W~e Pra18Cl8d 
X X O W~e Pra18Cl8d 
1 o 1 w~e Enabled 
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.. 
PR5 • [JCF.OF] Unlock PRO·PR4 

Bits (2:0) are READ/WRITE bits and cleared ro 0 by reset They provide lock or unlock capability for Paradise for 
regisrers PRO through PR4 like the PVGAlA. The PRO - PR4 registers are unlocked when "XS" is written 10 PRS. 
They remain unlocked until any other value is writren ro PRS. This regisrer also provides readable status for the con
figuration regisrer bits 4 through 8. Setting PR(4) bit l ro 1, read protects registers PRO - PRS. 

Bit 7 

Bit 6 

Bit 5 

Bit 4 

Bit 3 

Bits (2:0) 

PRlO • {3?5.29) Unlock PR11·PR17 

= CNF(7) [READ ONLY] 

= CNF(6) [READ ONLY] 

= CNF(S) [READ ONLY] 

=CNF(4) [READONLY] 

= CNF(8) [READ ONLY] 

READ/WRITE bits and cleared to 0 by reset. They 
control writing to Paradise registers PRO.PR4 as follows: 

2 1 0 PRO·PR4 

0 X X Write protected 
X 1 X Write protected 
X X 0 Write profeCted 

This regisreris READ/WRITE and cleared toO by reset. PRlOcan be loaded if it contains XXXXXlOl, and can 
only be read if it has l:XXXOXXX. Bits (7,3), Bits(6:4), and Bits (2:0) control access to Paradise registers 
PR10.PR17. Bits 7 and 3 enable register read operation for PRIO • PR.17. Bia (6:4) may be used as scratch pad. 
Bits (2:0) enable register write operali.oa for PRU - PR17. 

PR10(8:4) 
Scrall:h Plld 
ScralCh Plld 
ScralCh Plld 
Re--iFor 
Mllllf. T..a 

0 x x 
x 1 x 
x x 0 
1 0 1 

3 

PR11·PR17 
0 x x Wrill Pnltlelld 
x 1 x Wrill Pnllllclld 
x x 0 Wrill PnllllCllld 
t 0 t Wrill EMbled 

PRtG-PA17 
0 x Read PrallCllCI 

( Read B-* FFH ) 

x . 1 Raad PfOllC:lld 
( RnifBlck FFH ) 

0 Read EnUled 
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PRIO • [3?5.291 Uni~ PR11-PR17 (CNTD.) 

Bit7 Bit3 PR10-PR17 

0 x Read protected, read back data FFH 
x l Read protected, read back data FFH 
1 0 Read Enabled 

Bit2 Bitl BilO PR11-PR17 

0 x x Write protected 
x 1 x Write protected 
x x 0 Write protected 
1 0 1 Write Enabled 

Bit6 Bit5 Bit4 PR10(6:4) 

0 x x Scratch pad 
x 1 x Scratch pad 
x x 0 Scratch pad 
1 0 1 Reserved for manufacturing test. 

PRU • [3?5.lA) EGA Switches 

The EGA switch configuration details are stored in the PRI 1 register birs. This register can be loaded if 
PRlO contains XXXXXIOl, and can only be read if PRIO contains IXXXOXXX. 

102 

765432 0 

~1 ~1 ~1 ~1 ~1 ~1 

EGASW3 

1 .. Lcc:k 819 
Dota/Chan: Timing 

O.Unloc:k 819 
Dota/Chan: Timing 

Wri1113C2 
Blt3 8112 

0 0 
0 1 
1 0 
1 1 

EGASW2 

EGASW1 

Raad3C2 
Blt4 

EGASW4 
EGASW3 
EGASW2 
EGASW1 

1 ·Lcc:k Graphics 
Scr8WI Conlrol 

O·Unlock Graphics 
Scr.-i Control 

1 aLcc:k Cloc:k Selec:I 
O.Unlock Clock Select 

1 ·EGA Emula11on 
On PS/2 (Analog Display) 

O=Not EGA Emulation 
On PS/2 Display 
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PRU • f3?S.2A1 EGA Switches 

( 
Bits (7:4) =EGA CONFIGURATION SWITCHES SW4-SWl. 

These bits are READ/WRITE and latched internally 
at power-on-reset from c01TCsponding memory data 
bus pins MD(l5: 12), provided with either pullup or 
pulldown external reststors. PULLING UP MD(l5:12) 
causes PRl 1(7:4) to be latched HIGH. These bits can 
be read as bit 4 of pon 3C2 if the EGA 
COMPATIBILITY BIT [PR4(1)] has been set to l. 
Selection of the bit to be read is determined by bits 
3 & 2 of the Miscellaneous Output Register 
3C2, as follows: 

WRITE READ 

3C2 bit3 3C2 bit2 3C2 bit 4 

0 0 PRl 1(7) [=EGA SW4] 
0 1 PRl 1(6) [=EGA SW3] 
1 0 PR11(5) [=EGA SW2] 
1 1 PRl 1(4) [=EGA SWl] 

PRl 1 Bits 3 through 0 are READ/WRITE and cleared 
to 0 at power on reset. 

Bit 3 Select EGA Emulation on a PS/2 
(VGA-compatible, analog) display. 

(~-: Bit 2 Lock Clock Select This bit locks the internal 
video clock select multiplexer and disables 
loading of an external clock chip through VCLKl. 

Bit Lock Graphics Controller screen control. 
Setting PRl 1(1) to 1 ~vents modification of the 
following bits in the raphics controller as well as the 
Sequencer: 

Graphics Controller 3CF.05 bits (6:5) 
Sequencer 3CS.01 bits (5:2) 
Sequencer 3CS.03 bits (5:0) 

Although the internal functions selected by these 
graphics controller and sequencer bits are locked by 
setting PRl 1 bit 1 to 1, they appear unlocked to the 
system processor during read operation. 

Bit 0 Lock 819 dolS. Setting this bit to 1 prevents 
modification of clocking mode sequencer register 
3CS.01 bit 0. Although 8 or 9 character timing is 
locked by setting PRll bitO to 1. the 3CS.01 bit 0 
appears unlocked to the system processor during read. 

( 
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PRU· [3?5.28) Scratch Pad 

765432 0 

0/1 

Scratch Pad Bits (7-0) 

This 8-bit register is READ/WRITE and is unlocked by loading XXXXXlOl into PRlO. To read this 
register load PRIO with IXXXOXXX. The data in this register is unaffected by hardware reset and 
undefined at power up. 

PR13 [3?S.2CJ Interlace H/2 Start 

7654 32 0 

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 

Interlace H/2 Start 

PR13(7:0)=[ Horizontal Retrace Start Register)·[ Horizontal Total Count +5)12 )=HRD 
Where HRD=Horizontal Retrace Delay 

This 8-bit register is READ/WRITE and is unlocked by loading XXXXXIOl into PRlO. To read this 
register load PRIO with IXXXOXXX. The data in this register is unaffected by hardware reset and 
undefined at power up. This register defines the starting horizontal character collllt at which vertical timing 
is clocked on alternate fields in interlaced operation. Interlaced operation is enabled by setting PR14(5) to 
1. All other standard non-interlaced modes are unaffected by the contents of this register. This register 
must be programmed with a value derived from the values chosen to be i;rogrammed into the Horizontal 
Retrace Start Register (3?5.04) and Horizontal Total Register (3?5.00): 

PR13(7:0) = [HORIZ RET START]· [ (HORIZ TOT+ 5) / 2] + HRD 

Note: In the above expresssion, HRD = Horizontal Retrace Delay, determined by bits 6 and 5 of the Horizon
tal Retrace End Register (3?5.05). 

PR14 • [3?5.2D) Interlace H/2 End 

This 8-bit READ/WRITE register is unlocked by loadingXXXXXIOl into PRIO. To read this register 
load PRlO with lXXXOXXX. Bits 4 through 0 are unaffected by hardware reset and widefined at power 
up. Bits 7 through 5 are cleaRld to 0 by reseL 

104 

lntar1ace Hl2 End 
See PR14(4:0) 

1 ·Enabl• ln18rt-
Mode 

O·Disallle lnten
Mode 

1 ·Vertical 
Double Scan For EGA 
ON PSl2 Display 

O·NoEGA 
Emulalion On Display 

1 ·Enable IRQ 
CRT lnllrruplS For AT 
Bus Configuralion 

O·For VGA Operalion 
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WD90COO 
PR14 • [3?5.20) Interlace H/2 End (CNTD.) 

Bit 7 

Bit 6 

Bit s 

Bits (4:0) 

PRIS • [3?5.2E) Miscellaneous Control I 

Enable IRQ. This bit may be set to enable CRT 
interrupts to be generated when configured for AT 
BUS operauon, allowing EGA compatibility 
suppo!t for interrupt-driven EGA applications. For 
VGA operation with an AT BUS, interrupts are not 
used, and this bit should be set to 0. This bit has 
no effect in MICROCHANNEL operation and is 
set to 0. 

Vertical double scan. This bit should be set to 1 when 
emulating EGA on PS /2 display. Setting this bit to 1 
causes the CRTC's Vertical Displayed line counter 
and row scan counter to be clocked by divide-by-two 
horizontal timing if vertical sync polarity (3C2 
Bit 7=0) is programmed to be positive. Therefore, the 
relationship between the actual number of lines 
displayed [N] and the dara [n] programmed into the 
Vertical Display Enable End register is: 

N=2(n+l) 

Likewise, the relationship between the actual number 
of scan lines ~r character row [N} .and the dara [n] 
programmed m the Maximum Scan Line register 
holds true. 

Interlaced mode 
Setting this bit to 1 selects interlaced mode. The 
interlaced mode can be used in those video modes in 
which the dara programmed into the Maximum Scan 
Line Addrcs.1 register [3?5.09) =OXXOOOOO. 
Line compare and double scan are not supported. 

Interlace H/2 end bits (4:0). Add the contents of the 
Interlace H/2 Stan Register PR( 13) to the horizontal 
sync width (same as defined by 3X5.04,05). 
Program S LSB of the sum into lhese bit locations. 

785432 0 

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 

1.ENble RffdinQ 
Patt 48EIH Only 
FarAT Bua 

o-OnlyFar 
Microa.m.I 
Made 

1-MCU<NCU< la~ 
llwl or eqim ID 2 

o-MCIJWCLK ii Illa 
1i.i2 

1·1liulllee~ 
Color Bardet 

0-En- The Barder 

1-11.HKN 
SuppllelllilPl&y 
Enable liming 

0-Pnt llill'f&Y Enable Timing 
By 1 Doi Clodl 

1 ·Enable Page Made 
See PR15(2) For Der.ila 

1..a51'41A 
lnliltl..cl Video liming 
(2 VCU< Deley Remo-) 

o-Not 851'4/A CGmpilllllle 1111.-. 

1.MCU< Aa llming For All Video. 
Olher 3 VCU< Input Pins Oeaeleclld 

0-Vldeo Timing Set By 
1 of 3 Input Pina 

1 ·VCU<1 and VCU<2 are 3C2 bill 3 & 2 
O-VCLK1 and VCLK2 are no1 3C2 bils 3 & 2 
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PR15 • [3?5.2E] Miscellaneous Control I (CNTD.) 

This Read/Write register is unlocked by writing XXXXXIOl into PRIO. To read this register load 
PRIO with IXXXOXXX. 

Bit 

Bit 

Bit 

* Bit 

Bit 

"Bit 

106 

7 

6 

5 

4 

3 

2 

Enable reading port 46E8H. This bit is functional 
only if AT BUS architecture [CNF(2)=1] is selected. 
Setting this bit to l enables I/O port 46E8 to be 
read, regardless of the state of its own bits 3 and 4 
and of port 102 bit 0 (sleep bit). Only bits (4:0) 
of port 46E8 are readable; bits (7:5) are 0. 

Low VCLK. Setting this bit to l adjusts the memory 
timing to allow use of a video clock (VCLK) 
frequency which is much lower than the memory 
clock (MCLK) frequency. This bit should be set to l 
if the following expression is satisfied: 

(MCLK in MHZ) I (VCLK in MHZ) > 2 

This bit is used only if CNF(3) = 1 which configures 
the VCLKl and VCLK2 pins as outputs. Setting this 
bit to 1 causes outputs VCLKl and VCLK2 to equal 
bits 2 and 3 of 00 write register (Miscellaneous 
output register) at 3C2H respectively. 

Select MCLK as video clock. Setting this bit to 
l causes the MCLK input to be selected for the source 
of all video timing. The other three VCLK 
inputs can not be selected when this bit is set. 

Interlaced Compatibility . 
This bit should be used only if interlaced mode 
is selected (see PR14). This bit should be set to l if 
exact timing emulation of the IBM 8514/ A's 
interlaced video timing is required. Setting this bit to 
1 causes vertical sync to be generared from the 
uailing edge of non-skewed horizontal sync, instead 
of the leading edge, as generated for VGA timing. 

Setting this bit to I also removes two VCLK delays 
from the default VGA video dot path delay chain. 

Select Page Mode Addressing. Setting this bit to l 
forces screen refresh memory read cycles to use page 
mode addressing in alpha modes. Page mode 
addressing is automatically used in the graphics modes. 
Page mode addressing requires less time than 
RAS-CAS addressing; therefore, selecting page mode 
addressing increases the bandwidth fer the CPU to 
access video memory by 30 • 40'lli. Set this bit to I if 
132 character mode timing is selected (see description 
of PR2). Setting this bit to 1 in any alpha mode 
overrides the character map select functions of PR2(2) 
and PR2(5). When this bit is set to 1, it redefines the 
Character. Map Select Register (3C5.03). One of eight, 
8K mem0ry segmems conraining a pair of maps in 
Plane 2 or Plane 3 is addressed by bits (2:0) of this 
register while the map selection is determined by the 
bits (4:3). A pair of adjacent SK character maps in 
planes 2 and 3, (adjacent in the sense that they have 
the same addressing) may be selected by bit 3 of the 
attribute code. 
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PRIS • [3?S.2E] Miscellaneous Control l (CNTD.) 

Bit 

Bit 0 

The Character atttibute bit 3. in conjunction with bits 3 
and 4 of the Character Map Select register (3C5.03), 
determine a character map from either Plane 2 or 
Plane 3 as shown by the table below: 

3C5.03 3C5.03 AIT 
Bit 4 Bit 3 Bit 3 

0 
1 
1 
1 
0 
0 

0 
1 
0 
0 
1 
1 

x 
x 
0 
1 
0 
1 

Plane 
Select 

2 
3 
2 
3 
3 
2 

Note: The above Character Map Select functions 
override the functions of PR2(5) and PR2(2). 

This bit must be set to l before loading the character 
maps into the video DRAM, because the addressing 
of the page mode character maps differs from the 
addressing of the default, non-page mode. However, 
setting this bit to 1 internally redirects all necessary 
addressing to make loading the character maps the 
same, whether in page mode or non-page mode. 

Display Enable Timing Select This bit is used to 
select between two types of Display Enable timings 
available at output pin BLNKN if PR4(7)= 1. If 
PR4(7)=0, this bit has no effect 
0 = BLNKN supplies Pre-Display Enable 

Pre-Display Enable timing precedes active 
video by one dot clock. 

1 = BLNKN supplies Display Enable. The 
display enable timing coincides with active 
video timing. 

Disable border. Setting this bit to 1 forces the 
video outpUts to 0 during the interval when border 
(overscan) cola would be active. 

PR16 • [3?S.2F] Miscellaneous Control 2 

785432 0 

R R R R R R R 1m 

EXTERNAL 
REG(48E8) 
LOCK 

CRTC ADDRESS 
COUNT WIDTH 

2!581<8 0 0 
1*8 0 1 
84Kll 1 x 

VGA 
MAP 

ENABLE 

LOCK 
RAMDAC 
STROBE 
WRP\.TN 

ENABLE PAGE 
FORODO.t:VEN 

CRTC ADDRESS 
COUNTER OFFSET 
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PR16 • [3?5.2F] Miscellaneous Control 2 (CNTD.) 

This 8 bit read/write register is unlocked by loading the value XXXXXlOI into the PRIO. To read this 
register load PRlO with IXXXOXXX. All bits are cleared to 0 by reset. 

Bit 

Bit 

Bit 

Bit 

*Bit 

Bit 

108 

(7) 

(6: 5) 

(4: 3) 

2 

0 

Lock External 46E8 register 
Setting this bit to I causes EBROMN output to be 
forced high (Inactive) during 1/0 writes to port 46E8. 
This bit has no effect on loading the internal pon 
46E8. 

CRTC Address Counter Width 
Power on reset clears these bits to 0. These two bits 
detennine the modulus of the CRT controller's 
address counter, allowing its count width to be limited 
to 64K or 128K locations (Byte, Word, Double word). 
These bits may be used in virtual VGA applications 
containing 512K or 1024KB of video memory in 
which CRT controller is limited to only 64K or 
128K locations. Bit PR16(6) should be set 1 to ensure 
VGA and EGA compatible operation of the address 
counter, limited to 64K locations. The following 
table shows details: 

PR16(6) 

0 
0 
1 

PR16(5) 

0 
1 
x 

CRTC Address Counter Offset 

COUNT WIDTH 

256K 
128K 
64K 

Bits 4 and 3 are summed with the CRT Controller's 
Address Countee bits CA(I 7) and CA(I6), 
respectively, and the 2-bit result defines the starting 
location of the displayed video buffer at one of the 
four64K boundaries. 

Enable Page Bit for Odd/Even 
This bit affects addressing of memory by the system 
processor, if chain 2 (Odd/Even) has been selected by 
setting 3CF.06(1) to l, setting 3C5.04(1) to l, 
selecting extended memory, and setting 3C5.04(3) 
to 0 to de-select chain 4 addressing. It enables the 
"Page Bit for Odd/Even " [3C2(5)] to select between 
two pages of memory, by controlling video RAM 
address 0, regardless of the Memory Size bits 
PR1(7:6). 

VGA Memory Mapping 
Setting this bit to l, selects 256K IBM VGA Mapping, 
regardless of the Memory Size bits PR1(7:6). 

Lock RAMDAC write strobe (3C6H • 3C9H) 
Programming this bit to 1 causes output WRPL 'IN 
to be faced to 1 disabling llO writes to the video 
DAC registers. The DAC state register, located inside 
the WD90COO is also protected from the modification 
but may still be read at the pon 3C7. For nonnal 
operation program this bit is set to 0. 
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PRl 7 • [3?5.JOJ Miscellaneous Control 3 

This 1-bitREAD/WRITE register can be loaded only if PRlOcontains XXXXXlOl, and can only be 
read if PRlO contains lXXXOXXX. 

Bit 

Bit 

(7:1) 

(0) 

78543210 

I R I R I R I R I R I R I R I 1/0 I 
I I I I I I I I 

R..O MAP OUT 
2KFROM 
BIOS ROM 

Reserved. 

Map out 2K. of BIOS ROM 
Setting this bit to 1 disables access of the BIOS ROM 
in the system address raDJC C6000H - C67FFH. 
Power on reset sets this bit to l. Clearing this bit to 0, 
enables access of all 32K. addresses of the BIOS 
ROM from COOOOH - C7FFFH. 

INTERNAL 110 PORTS 

I I 0 PORT 46E8H (AT MODE· WRITE ONLY) 

ffiM has implemented a scheme for mapping the BIOS ROM on the PSl2 VGA display adapter card. 
This mapping is not done on Micro Channel based VGA implemenwions. The mapping is controlled 
through a five bit, write only register located at l/O address 46E8H. The card does not fully decode the 
address and it also appears at addresses 56E8H, 66E8H and 76E8H. The use of bits within the register are 
as follows: 

07:05 Unused 
D4 Setup 
03 Enable l/O and memory acceses 
02:00 BIOS ROM page select (External Implementation) 

The external mapping logic affects the !hr= most significant bits of address applied to the BIOS ROM. 
The ROM can, therefce, be thought of as cansisling of eight, 4K pages. External cin:uilry is required to 
implement the BIOS ROM page selection using bits 02:00. The l/O pen 46E8H bits (4 : 3) are provided 
inside the WD90COO. Bits (2 : 0) are implemented exr.emally. WD90COO provides EBROMN as the write 
strobe to external cin:uilry implemenling BIOS ROM page mapping whenever 46E8H is accessed. 

I I 0PORT1028 ·VIDEO ENABLE (AT AND MICRO CHANNEL MODES) 

Power On Self Test (POST) sleep bit 0 is used to awaken the WD90COO after power on in the MCA mode. 
Program the l/O part 1C12H Opcion Select Byte #1 to enrer the set up mode. Port 1C12H is internal to the 
WD90COO. If the pon 102H bit 0 is set to I, the WD90COO is fwlctional. However, if the bit 0 is programmed 
as 0, the WD90COO will only respond to setup read and write operations. It will disregard J/O or memory read I 
write operations and cause no interruplS in the set up mode. To enter the set up mode in AT bus applications, 
bit 4 of the partially decoded internal J/O port 46E8H is set to I before accessing the IJ0 pon 102H. In MCA 
mode, when the COSETUP (EION) signal pin is active low, the WD90COO is in setup mode and port 102H can 
be accessed. 
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EXTERNAL I /0 PORTS 

I I 0 PORT 3C3H - VIDEO SUBSYSTEM ENABLE REGISTER 

The Paradise WD90COO does not internally suppon the 3C3H pon in either the AT or Micro Channel 
mode. In the Micro Channel mode, bit DO of this port is used to enable the video subsystem per IBM 
definition. If DO is l, the video I/ 0 and memory address decoding is enabled. When DO is O, the video 
!JO and memory address is disabled. This pon is set to enable ( logic l ) after power on. It is not affected 
by the VGA sleep bit (I/ 0 pon 102H bit 0) of the Programmable Option Select (POS). When, 
WD90COO is used in the Micro Channel bus designs, the read or write 1/0 port at 3C3H is implemented 
externally. 

VIDEO RAMDAC PORTS 

Video RAMDAC is implemented external to the WD90COO. However, the WPL 'IN and RPL 1N signals re
quired by the RAMDAC are provided by the WD90COO. Setting PR(l6) bit 0 to al forces WPLlN to a high 
level disabling !JO writes to the RAMDAC. Nonnally, the WPLTN and RPLlN signals to the RAMDAC are 
generated when the following I / 0 pons are written to or read from : 

DACADDRESS 

3C8H 
3C7H 

*3C7H 

3C6H 

3C9H 

DAC OPERATION 

PEL address port ( write ) 
PEL address pon ( read) 

• DAC state (read only) 

PEL mask (read/write) 

PEL data register (read/write) 

DETAD..S 

Read/write port 
Write only port 

•If bits 0/1 =l, DAC in read operation 
When bits 0/1 =O, DAC in write 
operation. Bits 2-7 are reserved. 
Not to be written by application code 
or color look up table will be changed. 
Three successive read/Write bytes. 

• NOTE : Tbi<J port is internal to WD90COO. 

WD90COO CONFIGURATION BITS CNF (8:2) - NON-READ I NON-WRITE HARDWARE PORT 

110 

Read Back StalUs 
Bits Aa PRS Bits (7:4) 

0-Analog 
(VGA Type) 
Display 

1~TTL(EGA Type) 
Display 
Read Bac:llAa 
PRS Bit3 

OaMic:rachannel 
Archilac:IUre 

1-AT Bua 
Archilac:IUre 

0=VCLK1NCLK2 
Aa Input Pina 

1 =VCLK1NCLK2 
As Oulput Pins 
For PCLK1 
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Bits CNF (3:2) are latched internally at power on reset from the corresponding memory data bus pins 
MD (3:2) while CNF(8) is latched from MD ( 11 ). They are connected to the external pullup or pulldown resis
tors. Pullup resista sets MD(3:2) to logic 1 while pull down resistor sets MD(ll) to logic l. Note, that the con
figuration bits (3:2) are nm readable since they are latched after power up. However, the configuration register 
bits (8:4) are readable after power up as PR5 bits (7:3). They appear as general purpose read only status bits in 
the PR5 register. 

CNF (8) 

CNF (7:4) 

CNF (3) 

ANALOG/ITL DISPLAY STATUS BIT 

Bit CNF(8) is latched internally at power-on-reset 
from memory data bus pin MD(l l), provided with 
either a pullup or pulldown external resistor. 
PULLING UP MD(l l) causes CNF(8) to be 
lalched LOW. This bit conttols no internal functions 
and READ ONLY as bit 3 of PR5 (3CF.OF). Also, 
CNF(8) is unaffected by writing to PR5 (3CF.OF) 

0 =Analog (VGA-compatible) display is 
auached 

l =TTL (EGA-compatible) display is 
auached. 

GENERAL PURPOSE STATUS BITS 

Bits CNF(7:4) are latched internally at power-on-reset 
from corresponding memory data bus pins MD(7:4), 
provided with either pullup or pulldown extemal 
resistas. These are READ ONLY bits at PR5 
(3CF.OF) positioos (7:4). These bits are unaffected by 
writing to PR5(3CF.OF). PULLING UP MD(7:4) 
causes CNF(7:4) to be latched LOW. 

VIDEO CLOCK SOURCE CONTROL 

This bit cannot be written or read as 1/0 pon. 
PULLING UP MD(3) causes CNF(3) to be 
latched HIGH. It configures WD90COO pins VCLKl 
and VCLK2 as inpulS or outputs. 

0 = For inputs 
1 =For outpuis. 

When used as iltputs, these pins supply alternate 
video dot clocks. Selection of dot clock is by an 
internal multiplexer. When used as outpuis, VCLKl 
supplies an active low load pulse for an extemal clock 
chip, during I/O writes to port 3C2. This load pulse 
may be inhibited by seuing PR11(2)=1. VCLK2 
becomes a third clock select input to the external 
clock chip, which supplies multiple dot clock 
frequencies to the VCLKO input If configured as 
OUlpUIS, setting PR15 bit 5 to 1 causes VCLKl and 
. Vq.K2 outputs to equal bits 2 and 3 of the Miscellaneous 
output register at 3C2H respectively. 
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WD90COO CONFIGURATION REGISTER BITS CNF(8:2) (CNTD.) 

CNF (2) Bus Architecture Select 
This bit cannot be written or read as IJO. 
PULLING UP MD(2) causes CNF(2) to be 
latched HIGH. 

0 = Microchannel architecture 
1 = AT BUS architecture 

Selecting CNF(2)=0 changes the function of output 
pin EABUFN ,which becomes an active low bus 
transceiver enable signal. When low, EABUFN 
should externally enable data transfer across 
the upper 8 bits of the System Data Bus (D15:D8). 

Micro Channel Interface Improvements 

EABUFN is used to conttol high byte buffer and EDBUFN is designed to conttol the low byte buffer. 
WPL 1N and RPL 1N sttobes to the RAMDAC for Micro Channel default cycle are also supported. 
No external latch is required for memory address (A19:A15) and M/-IO as in WD90COO based designs. 

Paradise Register Enhancements 

PR! PR2,PR4, PR5, and CNF registers have minimal changes to optimiz.e VGA functions using 
WD90COO. They are briefly swnmarized below: 

PR! Bit (7,6) 
PR2 Bit (4,3) 
PR4 Bit(7) 

PR4 Bit(6) 

PR5 Bit(5) 

PR5 Bit(3) 
CNFBit(8) 
PRIS Bit(2) 

112 

Modified to allow IBM VGA mapping regardless of the memory size bits. 
Horizontal Pixel Panning in 10-dot character modes. 
When set to 0, it conttols output signal BLNKN per VGA requirements. If programmed as 
I BLNKN output supplies display enable signal. PR15 bit I detennines the selection of 
display enable timing from a choice of two settings. 
Select PCLK equal to VCLK. When it is set to 0, PCLK is the inverted video clock or half 
the dot clock frequency. If programmed as 1, PCLK is non-inverted VCLK inpuL 
If set to 1, in addition to VID(7:0), otha outputs such as HSYNC, VSYNC, and BLNKN 
are also tti-silued. 
Read only CNF Bil(8) is provided as PRS Bit 3. 
Read only Analog (VGA compatible) display or Digital (EGA compatible) display biL 
Video memory page mode read when displaying alpha numeric characters. 
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APPLICATION 

The WD90COO applications chapter is divided into various interfaces such as processor (AT or Micro 
Channel mode), video memory, RAMDAC (INMOS 0171), monitor, and clock. The description and block 
diagrams are generic. No attempt is made to present schematic level details. Currently available applica
tion notes, technical briefs, and referenced literature at the end of the data sheet should supplement the in
fonnation provided in this chapter. External video subsystem enable I/O port at 3C3H is briefly explained. 
The Figures 16 through 25 are shown along with their brief description on the subsequent pages. 

The figure 16 shown below highlights the various WD90COO Processor, memory, and 1/0 interfaces. 

l. 8 BIT PC/AT IJITH 
8 BIT BIOS 

2. 16 BIT PC/AT IJITH 
B BIT BIOS 

3. 16 BIT PC/AT IJITH 
16 BIT BIOS 

4, 16 BIT MICRO CHANNEL 
S. PC/AT VGA ROM BIOS 

PAGE MAPPING 

1. CLOCK !NTERF ACE 
'w'!TH INTERNAL MUX 

2. EXTERNAL MUX 8:1 
J, EXTERNAL MUX 4:1 

'w'D90COO 

EMEM 
Ell>! 
DSl6N 
SFDBKN 
MIJRN/-SO 
MRDN/M/-ID 
IOIJN/-CMD 
IORN/-SI 
EDBFN 
EABFN 
BHEN 
DA<l4:0l 
DAUS) 
A<l~:15l 
IRQ 
RDY 
DIR 
RSET 
EBROMN 

HCLK 
VCLKO 
VCLKI 
VCLK2 

MA< Bill 
MD<l5:0> 
RASION 

RAS32N 
CASION 

CAS32N 
\JEON 
'w'EIN 
'w'E2N 
'w'E3N 
DEION 

OE32N 

VID<7:0l 
PCLK 

BLNKN 
HSYNC 
VSYNC 
RPLTN 
IJPLTN 

FIGURE 16 

1. CONFIGURATION INTERFACE 

1. 256 K DRAM INTERFACE 

2. S 12 K DRAM INTERFACE 

3. !MEG DRAM INTERFACE 

l. RAMDAC INTERFACE 
IJ!TH 1'.NMOS GI 71 

2. MONITOR DETECT INTERFACE 
J, AUXILIARY VIDEO CONNECTOR 
4. FEATURE Cl>INECTOR 

SPECIAL CASE 
I. TTL MONITOR INTERFACE 

AND SUPPORTING CIRCUITRY 
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The Figure 17 shows a block diagram of the WD90COO with 8 bit PC/AT interface using 8 bit BIOS. 
The system dala bus SD(0:7) and address bus SA(O: 19) are shown along with associated buffers and BIOS 
ROM. Auto monitor sense line is also included. 

CONVENTION: " ""=Logic AND function," I" =Inverted fwtetion, and"+"= Logic OR function 

8 BIT PC I AT INTERFACE WITH 8 BIT BIOS 

SAC12:14> CR PA<12:14) 

SA<O:U> 

27i!S6-15/20 

M-•it-111-• .... _. DAC0:7> 
___ .,. CIRDll'I 

.__ ... _. ___ -mt Ella.f"N ._ ___ ._ .... ___ ~ DJR 

W'D90COO 

._ .... ___ p. ___ .,.EAJUF"N 

SAC8:14> __ ,._ __ -IM DA<8:14> 
ICHTDR SENSE ~ 

SA<UI :t'J> SA<15:19> 
RESET llRV RS£T 

REFllESH DIEM 
llEN EllJN 

PU.I.Ell II' TD •~ IHEN 
-Sl£MR lllllN 
-SMEIN IMIN 

-l!Jt IDRN 
-mv llMI 

IID ClllDY IUlY 
IRll lllQ 

NC »----1 DS16H 
NC Sf'llllCN <RaM16IO 

"• " NOTE: PA( 12:14) CAN BE FROM PAGE MAPPING LOGIC. 

FIGURE17 
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The Figure 18 illustrates 16_bit PC/AT interface with 8 bit BIOS using WD90COO. The processor data 
bus SD(O: 15), and the system address bus SA(O: 19) are shown. Associated address and data bus buffers, 
BIOSROM, and auto monitor sense are also shown in iL Note, PA(12:14) to BIOS ROM can be derived 
from the BIOS page mapping logic if implemented. Logic equations for upper data bus buffer gate 
EDBFl. 

/EDBFl = /EDBUFN * EBROMN * /SMEMW * /SBHE * /DS16N 
+ /EDBUFN * EBROMN * /SMEMR * /SBHE * /DS16N 

16 BIT PC I AT INTERFACE WITH 8 BIT BIOS 

SACl2: 14> DR PACl2: 14> 

SA<D:U> 

272:56-1:1120 

11<12:14) 

A<D:U> 

EJIJUF"N 

EDllF'l 

DCD:7> 

CE CE 

JIA(Q:14) 

-----1 EIRDMN 

L...-1111--++------I DIR 

W'D90COO 

SM1l5:19> ___ .., _____ .. SA<lll:19> 

ElllLFN ElllLFN 
RESET D11V RSET 

REFIESH DEi 
AEN Eillt 

-Sit£ 9'£N 
-SMDll "'llN 
-SMDN !MIN 

-DI llJlll 
-ll!V !INN 

llO QtlDY ADY 
IRQ IRQ 

DS16N DS16N 
IC »---1,!Sl':;!!DllCN~~CR!IMl~~&N>~ 

FlGURE 18 
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The Figure 19 describes 16 bit l'C,/AT interface with 16 bit BIOS ROM implementation using WD90COO. 
The system dala bus SD(O: 15), address bus SA(O: 19), address and data bus buffers, and auio moniior sense 
input is presented. The (16KX8) upper and lower byte EPROMS, output enable lines (EROMO I EROMI), 
and EPROM buffer (Gated by EDBFX) are shown. Note thatPA(l2:14) 10 BIOS ROM can be derived 
from the BIOS page mapping logic if it is implemented. Also, -MEMCS 16 implementation limits addition 
of 8 bit cards with memory addresses at the locations of segment COOOH for 128 KB memory space. 
Boolean equations for some of the important signals are listed: 

JEROMO = /EBROMN * /S.MEMR */SAO 

JEROMl = /EBROMN * /SBHE * /S.MEMR * /ROM16N + /EBROMN * SAO* /S.MEMR * ROM16N 

/EDBFX = /EBROMN * SAO* /S.MEMR * ROM16N 

/EDBUFl = /EDBUFN * /S.MEMW * /SBHE *IDS 16N + /EBROMN * /S.MEMR * /SBHE * /ROM16N 
+ /EDBUFN * /S.MEMR * /SBHE * /DS16N * EBROMN 

Figure 19 is illustrated on the subsequent page. 
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16 BIT PC I AT INTERFACE WITH 16 BIT BIOS 

SAGl!:l4) Ill l'Ml2:14) - ...... ~;;;;;;--, MU:D> 
SMl:ll> .......... .. MD:l.D -- -Dal: 

llE l:IE 

--MD:l.D --1111: 
llGl:7> 

llE l:IE 

-

-
-:&G 

-----t-
... -tto--t------t~-wnD 

'w'D90COO 

==~~~~ii=-
..,. _ ..,. - -Mii EDI - --- -- -.... --- -1111- Ill' - -- --- --

FIGURE19 
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The Figure 20 indicates WD90COO and I6 bit Micro Channel interface. The system dara bus upper byte bits 
D(8: I4) and lower dara bus byte D(0:7) are sampled and buffered for the WD90COO input pins DA(O: I4). 
Likewise, system address byte upper bits A(8: I4) and lower address byte A(0:7) are buffered and gated to the 
WD90COO input pins DA(O:I4). The most significant system address bits A(IS:I9) are latched and sent to the 
WD90COO. The monitor sense input buffer and DIS are gated into the DAIS input of the WD90COO. The 
Micro Channel bus control signals provide the timing and are gated by the appropriate logic blocks to the 
WD90COO. Associated Boolean equations are shown below: 

EMEM = 3C3.DO" /A23 * /A22" /A2I "/A20" (Ml-IO)" (MADE24) + 
3C3.DO "/(M/-10) 

Figure 20 is drawn on the following page. 
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16 BIT MICRO CHANNEL INTERFACE 

Al.5245 

0(0:7) ~ 

F'244 

A(0:7)--...... WD90COO 
-CMD 

EDBUfLH 

,t,(11:14)--... 
MONITOR SENSE---- .,._ __ .,. .. _.,.IW15) 

... ....pij .. 

NC 

CD CHRDY ,._..,. __ .. ADV ___ ,._ __________________ ... ,RQ 

-CO OS 111 051 IN 
-CO SFDB1C Sf08IOI (ROM1 llN) --
FIGURE20 

Western Dig/ta/ Imaging I ParadlSll Systems 119 



WD90COO 

The Figure 21 presents WD90COO with 1024 KB video memory organization using four 256KB maps. 
Each 256KB map is made from two (256KX4) DRAMs. The built in DRAM conttoller provides all the 
memory control signals and refresh cycles. The WD90COO also suppons 256KB, or 512KB video memory 
organization using (64KX4) DRAM modules. 

1 MEGABYTE DRAM CONFIGURATION 

M0(0:15) 
W.(0:8) 
~10N 

C.S!<»o 

OEHJN 
~0(0:4) ~ ~'0(0:4) ~ WD90COO 20llCX4 ...... ...... , ..... 

A(Oa) A(O"') A(OOI) A(O:I) 
1- /"'5 /"'5 / ... 
/CA /Cl/I /CM /C>S 

± /OE 

:!: /OE 

WEIN 
WElJH 

....,,. 
CASJ2N 

OEJ2H 

~ ~"D(O-;;- ~~ ~ D(O~) - ...... ...... . ..... 
L-.-- A(O"') 

,____ A(O:I) 
.____ 

A(O.I) L-.-- A(o :a) 

I IMS /MS /MS /"'5 
/CM /CM /CM /CA 

4 ~ ~ 
/IX 

..,. 
WE2N 

F1GURE21 

The Figure 22 illustrates the WD90COO and RAMDAC (INMOS G 171) interface block diagram for analog 
or TTL monitors. 

NOTE: 

120 

RAMDAC (INMOS G171) INTERFACE 

tR£T 

DA<0!7> D<lnl 

L.A<ll ..... llS1 

LA«D ~ llSO 

RAMDAC 
\/Pl.TN \JAN 

RPI.TN ~ 11111 

Vtll<ll:7> Pl)(ll:7) 

PCUC ...... PCUC ~ 

ILJ(N ...... .__ 
R 

G 

IJD90COO I 

HSY NC 

VSYNC 

LA(l), LA(O) ARE LATCHED ADDRESSES. 
DA(7:0) ARE MULTIPLEXED DATA BITS. 

F1GURE22 

i-- C1JllR£NT RU 

"l 

TI<:> 
..... 

V ISO IHIS 
~ 
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WD90COO 

The Figure 23 shows the WD90COO and TTI.. monitor connections. 

NOTE: 

'w'D90COO 
!RQ 

HSY NC 
VSYNC 

VID<Sl 
VID<4> 
VID<3> 
VID<2> 
V!D(I) 
VlD<O> 

LS!75 

DA7 4 D 4 Q 

DAO 3 D 3 Q 

DA3 2 D 2 Q 

DA2 I D 1 Q 

c CL 

VCLKI 
/RESET 

INST ALL "'ITH "'D90COO DNL Y 

• 
D7 
D6 
D5 
04 
D3 
D2 

B 

y 

.----, 
I 0 I 

!Rll9 L ___ J TD VIDEO 
CONNECTOR 

1---------...i 8 HSYNC 
1---------...i 9 VSYNC 

2 SEC RED 
1------"+---.1 6 SEC GREEN/!NTENS 
1-------+---.1 7 SEC BLUE/VIDEO 
1-------+--...i 3 RED 
1-------+--...i 4 GREEN ,__ ____ __... _ __, 5 BLUE 

I GROUND 

IK 

VGA/TTL 

MD7 

I IJ 
VCLKO MD6 

MD5 

16.257MHZ Dl MD4 
ccs 

1.0 

2.0 

3.0 

DO I S MD3 

c 100 MD2 

MDI 
-= 

VGA/TTL MDO 

VGA /11L switch may be used to disable HSYNC and VSYNC for Analog or TIL 
Video connector. 
\ ID(l2: 15) may also be connected as the EGA switches if desired. See Paradise 
register and Pin out sections for more details. 
For AT applications using WD90COO, install the IRQ9 resistor. 

FIGURE23 
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The Figure 24 presents WD90COO with external oscillators at the clock pins configured as inputs.. The 
clock selection is determined by register 3C2H bit 3 and bit 2. It is described by the table below: 

3C2H 
Bit 3 

0 
0 
I 

3C2H 
Bit2 

0 
l 
x 

CLOCK 
SELECTION 

VCLKO 
VCLKl 
VCLK2 

The Configuration register Bit 3 (MD3) should be tied low to make the WD90COO signal pins (VCLKl, 
VCLK2) mputs. 

CLOCK INTERFACE 

WD90COO 

42 MHZ OR 38 MHZ ----I~ ..CU< 
1103 

FIGURE24 

The Figure 25 illustrates WD90COO pins VCLKl and VCLK2 configured as outputs. This is done when 
the Configuration register Bit 3 (MD3) is tied high. The figure also shows bow the VCLKl and VCLK2 
signals can be used to conttol external input clock multiplexor to select 1 of 8 possible clock frequencies. 
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!m.17~MHZ 

29.322MHZ 

Ja.OOllHZ 

CL.1<4 

EXTERNAL MULTIPLEXING OF THE VIDEO CLOCKS 

WD90COO 
42MHZ ----ti~ llCIJ( 

4:1 
MUX 

Y1 t----- VCU<O 

FIGURE2S 

Western Digital Imaging I Paradise Systems 



(/ 

WD90COO 

WD90COOPOWERUPCONFIGURATION 

The WD90COO uses the MD(0:7) and MD(l l: 15) input pins to configure itself at power up/reset. 
These lines will, upon power up/reset, latch logic values depending on whether there is a pull up or a pull 
down resister on them. PRl(l:O), PR! 1(4:7), and CNF(2:8) are the internal registers that are configured on 
power up. CNF(3:2) and PRl 1(4:7) will latch a noninverted value (pull up resister= 1) into it and the 
others will latch an inverted value. For more details see the Paradise register and Pin out sections. 

PR 1 bit 0 will latch the inverted value of MD(O). A value of 1 (pulled down) will map out the 
decoding of the BIOS ROM by the WD90COO. A value of 0 will map it in. 

PR l bit l will latch the mverted value of MD(l). A value of 1 (pulled down) will signify to the 
WD90COO that the ROM BIOS data path is 16 bits. The WD90COO will bring SFDBKN active low in AT 
mode (static signal) and SFDBKN can be used to externally generate -MEMCS16 (off the AT Bus) for 16 
bit ROM accesses. In Micro Channel Mode, SFDBKN changes function to be the -CD SFDBK signal out
put and DS16N is driven active when PRl(l) is set and a valid ROM BIOS address is decoded. 

PRl 1(4:7) bits will latch the EGA switch settings (SW4:SW1) after power up. A pull up resistor 
will set the appropriate PRl 1 register bit ( 4:7) to a logic 1. 

CNF(2) will latch the noninverted value of MD(2). A value of 1 (pulled up) will configure the 
WD90COO for IBM PCf)CT/AT architecture. A value of 0 will configure the WD90COO for IBM PS/2 
Micro Channel Architecture. WD90COO Signal Pins and the interface will change functions depending on 
this value. 

CNF(3) will latch the noninverted value of MD(3). This bit configures the WD90COO pins VCLKl 
and VCLK2 as inputs or as outputs. A value of 0 ( pulled down) will configure these pins as inputs and a 
value of 1 sets them as outputs. When used as inputs, these pins when connected r.o clock crystals supply 
the video dot clock. The selection of these clocks, through an internal multiplexer and along with VCLKO, 
depends on the value of 3C2H bits 2 and 3. When used as outputs, VCLKI becomes an active low load 
pulse when 3C2H is written r.o with data. VCLK2 becomes the static value determined by the state of PR2 
bit 1. When these signal pins are selected as outputs, the inte.rnal multiplexer is locked to select the 
VCLKO input pin as the video dot clock. 

CNF(7:4) will latch the inverted value of MD(7:4). These bits can be read through Paradise 
Register PR5 bits 7 to 4. These are general purpose bits that may be used by the video BIOS. If reserved 
or unused by the BIOS, they are available to the application software. 

CNF(8) will indicate that a TTL display or an analog monitor is present in the video subsystem. A 
Pull up resistor on MD(l l) causes CNF(8) to be latched 0 indicating that VGA compatible analog display 
is in the video subsystem. 
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(TOPVIEW) 

DETAIL A 

0 
100 PIN PLCC PACKAGE 

PIN NO. 1 IOENTIF1ER 

m 
I II 
.,; .... 

o.aMD.TVP 
AllOUNOALL CCAllEM 

f 

FIGURE26 

,015 

NOTE: ALL DIMENSIONS ARE h. 
MI~ERS. \l) 
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100 PIN JEDEC PLASTIC FLAT PACKAGE (PFP) 

~------Q.QM.------~ 

1i--------o.aao------___,.,. 

~-----0.750------i 

1'-------Q.740--------

PIN NO. 1 (REF) 

c:· 

TOP VIEW 

FIGURE 27 
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100 PIN JEDEC PLASTIC FLAT PACKAGE (PFP) 

0.17 

0.073 

0.067' 

BUMPER DETAIL 

SIDE VIEW 

DETAIL A 

FIGURE 28 
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REFERENCES 

A list of references for generating the WD90COO data sheet information is shown below: 

IBM Personal Computer Hardware User Guide 
IBM Personal Computer XT Hardware User Guide 
IBM Personal Computer AT Hardware User Guide 
IBM Personal System 2 Model 30 Hardware User Guide 
IBM Personal Computer AT Technical Reference Manual 
IBM Personal System 2 Model 30 Technical Reference Manual 
IBM PC Options & Adapters Technical Reference Manual 
IBM Personal System 2 BIOS Reference Manual 
Personal Computer Reference Manual 
AT&T Video Display Conttoller VDC 750 I VDC 600 Installation Guide 
Hercules Graphics Card Owner's Manual 
Paradise OEM Technical Publication Manual 

(IBM# 6322510) 
(IBM# 6322511 ) 
( IBM # 6280066 ) 
( IBM # 68x2230 ) 
( IBM# 6280070 ) 
(IBM# 68x2201 ) 
( IBM# 6322509 ) 
( IBM# 68x2260 ) 
( IBM# 6025005 ) 

The customers are urged to refer to the manuals listed above and supplement their knowledge from other 
books and literature available in the market. 
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Western Digital Imqing/Paradise Systems 
800 E. Middlefield Road 
Mountain View, CA 94043 
Tel: 415/960-3353 Fax: 415/968-1974 

Important Notice 

Paradise Systems, Inc .• reserves the right to make changes to circuit or specifications in order to improve 
reliability, design, or fimction without prior written notice. 

Paradise Systems, Inc., is not responsible and does not assume any liability for claims of patent infringement 
arising out of the use or application of any Paradise product in combination with other devices or computer 
programs. 

Paradise Systems, Inc., does not assume any liability arising out of application or use of the product or 
circuit described herein and does not convey any license under its present patent rights or the rights of 
others. 

The information contained in this document, or any portion thereof, may not be printed without prior written 
permission from Paradise Systems, Inc. 

Paradise Systems, Inc. proV1des no warranty for the use of its products and assumes no liability for any 
errors which may appear in this document. 

All rights reserved. 

Version: PRELIM. 

July 31, 1989 

PDS 100800 
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