
Status recdster STATUS

Memory Address lE14 Attributes R Reset value 0000 OQOX  h

bferrists
<o>

dmatcists
Cl>

pickists
<2>

vsyncsts<3>

Reserved
<7:4>

byteflag
<11:8>

Reserved
45: 12>

dwgengsts
<16>

Reserved



ICLEAR Interrupt Clear register

Memory Address lE18 Attributes W Reset value 0000 0000 h

bferriclr
<o>

dmatciclr
<l>

pickiclr
<2>

Reserved
<31:3>

Reserved (reads all OS)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 1716 1514 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Bus FIFO Error Interrupt CLeaR: Writing a ‘1’ to this bit clears the bferror interrupt
status flag. Writes to this field are glitch-free.

DMA Terminal Count Interrupt CLeaR: Writing a ‘ 1’ to this bit clears the dmatc interrupt
status flag. Writes to this field are glitch-free.

PICKing  Interrupt CLeaR: Writing a ‘1’ to this bit clears the picking interrupt status flag.
Writes to this field are glitch-free.

Reserved: Writing has no effect. These bits return all zeroes when read.

IEN Interrupt Enable register -

Memory Address 1ElC Attributes R/W Reset value 0000 0000 h

bferrien Bus FIFO Error Interrupt ENable:  When set to ‘ 1 ‘, enables interrupt if a Bus FIFO error
co> occurs. Writes to this field are glitch-free.

dmatcien
Cl>

pickien
<2>

DMA Terminal Count Interrupt ENable: When set to ‘ 1’ , enables interrupt if a DMA
terminal count occurs, with DmaAct  set. Writes to this field are glitch-free.

PICKing Interrupt ENable:  When set to ‘1’)  enables interrupt if a picking interrupt occurs.
Writes to this field are glitch-free.

vsyncien
<3>

Reserved
<31:4>

VSYNC Interrupt ENable:  When set to ‘l’, enables interrupts from the VGA when in
Power Graphic mode (vgaen = 0). Writes to this field are glitch-free.

Reserved: Writing has no effect. These bits return all zeroes when read.

Reserved (reads all O’s)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

-
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Interrupt Status INTSTS

Memory Address lE28 (MEM PCI) Attributes R/W

Reset Value 0000 0000 0000 0000 0000 0000 0000 OOOOb

31 30 29 28 27 26 25 24 23 22 21 20 19 18 1716 1514 13 12 11 10 9 8 7 6 5 4 3 2 1 0

+Note that this register only exists in the PC1 configuration.

Reserved
<31:9>

This field is always read as OOOOh.

vgainten
<8>

This bit indicates whether or not the VGA interrupt is enabled. As the other internal
ATHENA interrupt, VGA interrupt status is available on tirqsts.

. 0: VGA interrupts are disabled

n 1: VGA interrupts are enabled

Reserved<7:2>This  field is always read as OOOOh.

eirqstscb Indicates when read as ‘ 1’ that an external interrupt has occured.  This status is set when
an edge is detected on the eirqN pin.

A read to this bit accesses its value normally. A write, however, is slightly different in that
the bit can be reset, but not set. This bit is reset whenever the register is written, and the
data in the corresponding bit location is 1.

Status of the tirq pin. When 0, indicates that the source of the interrupt on INTA is from
the ATHENA chip.

tirqstscO>

Reset RST

Memory Address lE40 Attributes R/w Reset value 0000 OOOQ h

Reserved (reads all O’s)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 1716 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

softreset
<o>

Reserved
<31:1>

SOFT RESET: When set to ‘ 1 ‘, resets all host register bits, except those which are hard
reset only. The soft reset signal is synchronous on gclk, and takes place at the end of the
write cycle. On the next read, all concerned bits will be reset.

A ‘0’ must be programmed to remove the softreset. Writes to this field are glitch-free.

Reserved: Writing has no effect. These bits return all zeroes when read.
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TEST Test

Memory Address 1~44 (MEM) Attributes RAW - STATIC

Reset Value 0000 0000 0000 0000 0000 OOHO 0000 0000 b

Reset Value

vgatest
<o>
WW)

ramtest
<l> R/(W)

Reserved
<7:2>

robitwren
4-b RO

testwren
<9> RO

Reserved
c31: lO>

I
Reserved (reads all O’s)

SE -cI
ziz Reserved

gg

g z (reads all O’s) 5 ?”
I I  III I

r

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

VGA TEST bit: This bit is used for test purposes, and should always be set to zero for
normal operation. Writes to this field are glitch-free.

RAM TEST bit: Reset to ‘0’. This bit is used for test purposes, and should always be set
to zero for normal operation. Writes to this field are glitch-free.

Reserved: Writing has no effect. These bits return all zeroes when read.

-

Read Only BIT WRite  ENable: When set to ‘ 1 ‘, enables write to the mapsel<2:0>,  isa,
pci, and abovelmeg bits. Writing ‘10001101’ to byte 3 of the TEST register will set
robitwren to ‘ 1’ . Writing values other than ‘ 10001101’ will reset the bit to ‘0’.

TEST WRite  ENable:  Sampled (inverted) at hard reset on VD<38>.  In functional mode,
VDc38>  must always have an external PU. In order to place the ATHENA in ramtest  or
vgatest mode on the tester, VD<38>  should be driven low during the reset vectors. This
way, testwren  will be active after the reset, and the ramtest,  raml, and vgatest test bits
may be written to enable the appropriate test mode. Since testwren  is read-only, the test
bits can’t be modified in functional mode.

Reserved: Writing has no effect. These bits return all zeroes when read.

-
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Revision REV

Memory Address lE48 (MEM) Attributes R - STATIC Reset value A268 1702h
Reset Used X

titan id chiprev
II 1

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

chiprev
<6:0>

CHIP REVision  code: Read value is Olh. This value will change if there are any chip
revisions.

athena id
<31:7>

ATHENA IDentification:  This field provides a fixed non-zero identification. It may be
used to help locate the MGA when the value of mapsel is unknown to the software.

Since MGA ATHENA is part of the same family as the MGA TITAN chip (a precursor of
ATHENA), and in order to make software programming easier, the same ID is used for all
MGA chips. ATHENA can be differentiated from the TITAN and ATLAS chips by the
chip revision number. The data is the 5-bit  ASCII code for the name “TITAN”.

.--/
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CONFIG Configuration

Memory Address lE50 (MEM) Attributes R/W
ReSetVahJeOOOH HHHH 0000 0000 OOOH GHHH OOOH OOHHb

Reserved (reads all O’s)

r-L
cad’=*a
‘7 I

yapse)  , / ,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 1716 1514 13 12 11 10 9 8 7 6 5 4 3 2 1 0

+ Note: In order to respect the Tr24 timing, software must wait after accessing this
register. Only byte accesses should be made to this register.

config
<l:O>

CONFIGuration  bits: Sampled on reset, this field assumes the external strapping
configuration value. The reset value can be overwritten. Writes to this field are glitch-free
Note that only byte access (byte 0) is permitted for modification of the config  bits.

Bit 1 is used as the narrow decode configuration bit. When ‘l’, mcs16N  is a decode based
on ISA bus addresses LA<23:  17>, which represents a 128K  range. When ‘ 1’ , mcs 16N
will also depend on SA<16: 14>, which represents the narrow decode of the 16K MGA
space and 32K ROM space. No mcs16N  sampling is supported.

The VGA frame buffer and IO port are always g-bit devices. -
The configuration determines whether ATHENA’s resources are 8- 16- or 32-bit devices,
according to the tables which follow.

biosen configcl:o> BIOS mcsl6N ex32N

0 xx No decode 1 1

1 00 8 1 1

01 16 0 1

10 Reserved 1 1

11 16 narrow 0 1

I I 1 I I II I I

isa mapsel vgaen configcl:O> MGA mcsl6N ex32N

0 000 X x x No decode 1 1

001 0 x x 32 narrow 1 0

001 1 x x 8 1 1

010-111 x 32 narrow 1 0

X = ‘don’t care’

l 3 Note: Only byte accesses (byte0) are permitted for modification of these bits. In the
PC1 configuration, these bits must be set to ‘00’.

Refer to Section 3.6.3 to determine the reset value of configcl  :O>.
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Configuration (continued) CONFIG

200MHz<2> 200 MHz function. A strap exists on the RESET configuration bus to identify boards that
are capable of functioning with a pixel clock of up to 200 MHz. This strap is read from
VDc48> at reset. This bit must be read by software, inverted, then loaded into
CONFIG<2>.  It is interpreted as follows:

2OOMHz  M e a n i n g

1 Board supports 200 MHz operation
0 Board only supports regular (135 MHz-l 70 MHz) operation

misc<3> MISCellaneous  bit: Reserved for future use. This field has no definition. This is a
multi-purpose software bit.

Refer to Section 3.6.3 to determine the reset value of this bit.

nodubic<5:4>  These bits indicate the presence of a DUBIC chip and whether or not external
multiplexers are used. CONFIG<4>  is sampled from VD<50>  and inverted on reset.
CONFIG< is cleared to zero on reset, and must be read from VD<49>  (DST1<17>),
inverted, then loaded into this bit. Writes to this bit are glitch-free.

00

01

10

11

Meaning

DUBIC present (TITAN-compatible)

No DUBIC present. ATHENA controls VRAM and RAMDAC directly
(external multiplexers are required on VRAM serial outputs).

Reserved

No DUBIC present. ATHENA controls VRAM and RAMDAC directly
(external multiplexers are not used).

Reserved
<7:6>

Reserved: Writing has no effect. These bits return all zeroes when read.

driverdy
<8> RO

DRIVE channel ReaDY  Sampled on reset, this bit assumes the external strapping
configuration value. The reset value can’t be overwritten. All interrupts should be
disabled when writing to this bit.

This field determines how the CHRDY/ signal is generated:

Value Meaning

0 The CHRDY signal output is tri-stateable, and the CHRDYEN/
enable signal is a delayed version of CHRDY.

1 The CHRDY signal is always driven by ATHENA, and an
external tri-state buffer is required.

In the PC1 configuration, this bit must be set to ‘ 1’. Refer to Section 3.6.3 to determine
the reset value of this bit.
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CONFIG Configuration (continued)

biosen
<9> R/w

BIOS ENable: Set to ‘ 1’ on reset if vgaen is sampled active (‘ 1’). The reset value can be
overwritten. When set to ‘ 1 ‘, the VGA BIOS is enabled.

Note that the BIOS can be enabled separately from the VGA I/O and the frame buffer.
This way, the board that boots as the VGA device can always keep its BIOS active if
desired. Also, there can always be a BIOS active, even when there’s no active VGA
(except at boot-up). All interrupts should be disabled when writing this bit.

vgaen
<lO> R/w

VGA ENable:  Sampled on reset, this bit assumes the external strapping configuration
value. The reset value can be overwritten. All interrupts should be disabled when writing
this bit. Writes to this field are glitch-free.

Value Meaning

0 VGA is disabled
1 VGA is enabled

Refer to Section 3.6.3 to determine the reset value of this bit.

levelirq
<ll> R/w

LEVEL Interrupt Request: This bit is used to select between a positive edge triggered or a
level-sensitive interrupt.

. When ‘0’ (hard reset value), ATHENA produces a positive edge interrupt.

. When set to ‘ 1 ‘, ATHENA produces a negative level interrupt.

See Section 3.2.6 for more details about ATHENA’s interrupts.

This field should be written to only when necessary. When written, it may glitch or
pass through an intermediate value, even when rewriting the same value. All interrupts
should be disabled when writing this bit.

abovelmeg Mapped ABOVE 1 MEG: Sampled on reset, this bit assumes the external strapping
<12> w(W) configuration value.

For test purposes, this bit can be modified by a write. To do this, the robitwren bit from
the TEST register must be set to ‘ 1’ . All interrupts should be disabled when writing this
bit. Writes to this field are glitch-free.

Refer to Section 3.6.3 to determine the reset value of this bit.

. When above 1 meg is active (1):

0 decodeN<l>  may be used to decode any address bits down to bit 20. It should be
active when la<31 :20> (or just la<23:20>  on an ISA machine) decodes the MGA
range.

0 decodeN<O>  should be tied to ‘0’ in an ISA machine. In other systems, it should be
active when lac3 1:24> = OOh is decoded.
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Configuration (continued) CONFIG

. When above 1 meg is inactive (0):

0 decodeN<l>  and decodeN<O>  should be tied to ‘0’.

In the PC1 configuration, this bit must be set to ‘0’.

Reserved
<15:13>

Reserved: Writing has no effect. These bits return all zeroes when read.

expdev
<16>  R/W

EXPansion  DEVice:  This bit affects EXPSL/.  On power up, software must read the
external strapping value in the destination register, and set this bit properly.

This field is considered semi-static. It should be written to only when necessary. When
written, it may glitch or pass through an intermediate value, even when rewriting the
same value. This field indicates the availability of external expansion devices:

Value Meaning

0 No expansion device is available

1 Expansion device is accessible

Refer to Section 3.6.3 to determine the reset value of this bit.

Reserved
~23: 17>

Reserved: Writing has no effect. These bits return all zeroes when read.

mapsel
<26:24>
ww

Sampled on reset, this field assumes the external strapping configuration value. The
mapsel field determines the base of the MGA address map. For more details, see Chapter
4. Writes to this field are glitch-free.

For test purposes, mapselc2:0>  can be modified by a write. To do this, the robitwren bit
from the TEST register must be set to ‘ 1’.

Refer to Section 3.6.3 to determine the reset value of these bits.

. MAPSELl  should only be used if you boot in VGA mode

. MAPSELO can be used if you boot in VGA mode for system debugging. In this mode,
MGA is not mapped. But you may still boot and configure your system using the VGA
display.

In the PC1 configuration, these bits must be set to ‘010’.

pcic27>
ww

PC1 Bus Identification: Sampled on reset, this bit assumes the external strapping
configuration value. It is used in conjunction with the isa field to determine the current
host interface type.

To write this bit, the robitwren bit in the TEST register must be set to ‘ 1’. Writes to this
field are glitch-free.

Refer to Section 3.6.3 to determine the reset value of this bit.
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CONFIG

isa<28>
ww

Configuration (continued)

ISA Bus Identification: Sampled on reset, this bit assumes the external strapping
configuration value. This bit is used in conjunction with the pci field to determine the
current host interface type.

To write this bit, the robitwren bit in the TEST register must be set to ‘ 1’. Writes to this
field are glitch-free.

isa pci

0 0
0 1

1 0

1 1

Bus Type

Reserved
PC1 Bus

ISA Bus
Reserved

Refer to Section 3.6.3 to determine the reset value of this bit.

Reserved
<31:29>

Reserved: Writing has no effect. These bits return all zeroes when read.

--
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Operating mode

Memory Address lE54 Attributes R/W
Reset value00000000000000000000 HOOO000~00OOb-

OPMODE

4* Note: In order to respect the Tr24 timing, software must wait after accessing this
register. Only byte accesses should be made to this register.

pseudodma PSEUDO DMA: When set to ‘ 1 ‘, the VRAM window becomes a DMA access port. This
<o> R/w will allow movestring access to the Bus FIFO. In order to start a new Pseudo DMA

sequence, this bit and dmaact must be ‘O’, dmamod must be initialized, then, in a separate
access, this bit should be set to ‘ 1’.

dmaact
cl> R/W

Writes to this field are glitch-free.

DMA ACTive:  When set to ‘l’, indicates the beginning of a DMA transfer. This bit is
reset to ‘0’ automatically, when the DMA terminal count (TC) is sampled active.

Once set to ‘ 1 ‘, only a DMA terminal count, a hard reset, or a soft reset will return dmaact
to ‘0’. Writing a ‘0’ to this bit will have no effect. In order to start a new DMA sequence,
this bit and pseudodma must be ‘O’, dmamod must be initialized, then, in a separate
access, this bit should be set to ‘ 1’.

Writes to this field are glitch-free.

dmamod DMA MODe: There are four DMA or Pseudo DMA transfer modes on the ATHENA,
<3:2> R/W selected through the DmaMod  bits. These bits must be programmed before starting DMA

or Pseudo DMA transfer. The dmaact and pseudodma bits must be ‘0’ before modifying
these bits.

dmMod&o>  1 DMA 1 PSEUDO DMA 1 DMA transfer mode description

00 Yes Yes DMA General Purpose Write
01 Yes Yes DMA BLIT Write

10 Yes Yes DMA Vector Write
11 Yes DMA BLIT Read (IDUMP)

Writes to this field are glitch-free.

nowait NO WAIT: This bit is used to select between: always adding waits (0); and only adding
<4> ww waits when necessary (1).

When ‘0’ (the reset value), ATHENA will automatically generate wait states on all
accesses to the board. Normally, this bit should be set to ‘ 1’ by software so as not to
unnecessarily deteriorate the performance.

This feature may be used to help prevent problems in AT clones and compatibles that
have bus speeds above 8.33 Mhz. Software should provide a configuration mechanism so
that the bit may remain inactive in problem systems. Writes to this field are glitch-free.

I Reserved (reads all O’s)
I

fbm rfhcnt
I  I I - - -1 III  I

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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OPMODE Operating mode (continued)

Reserved
<7:5>

mouseen
<8> R/w

Reserved: Writing has no effect. These bits return all zeroes when read.

MOUSE ENable: When set to ‘I’, this bit enables mouse decode for the DUBIC chip.
The mousemap  field should be programmed at the same time as this field, so the
appropriate map will be selected when the decode is enabled.

This field should be written to only when necessary. When written, it may glitch or
pass through an intermediate value, even when rewriting the same value.

mousemap MOUSE MAP: When mouseen  is active (‘ 1’) and mousemap=O,  the mouse port is
<9> R/w decoded in I/O space at 23Ch-23Fh.

Automatic wait mechanism

Some devices decoded by ATHENA do not require any additional wait states. An
automatic wait mechanism has been implemented in ATHENA for the case of devices that
may not follow the speed of some rapid systems.

When the automatic wait is required (nowait  = ‘O’), the bus will be put into wait for an
equivalent time of 100 ns to 125 ns when an access to some devices is decoded.

These devices are:

n Drawing registers (read and write to offset range 1COOh  - 1DFFh)

. Host registers (read and write to offset range lEOOh  - 1EFFh)

. Pseudo-DMA window (read and write to offset range OOOOh - lBFFh,  with vgaen = 0
and pseudodma = 1)

w VRAM direct write (write to offset range OOOOh - lBFFh,  with vgaen = 0 and
pseudodma = 0)

Note: Some devices do not use automatic wait because they’re already using wait states
in normal operation. These devices are:

n BIOS ROM

n VRAM direct read

n VGA frame buffer read and write

. External devices read and write, I/O or memory

n VGA register in the Power Graphic mode memory space (read and write to offset range
1FOOh  - lFFFh,  with vgaen = 0)

When mouseen  is active and mousemap=l, the mouse port is decoded in I/O space at
238h-23Bh.

This field should be written to only when necessary. When written, it may glitch or
pass through an intermediate value, even when rewriting the same value.

Reserved
clO>

Reserved: Writing has no effect. These bits return all zeroes when read.
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Operating mode (continued) OPMODE

vgabank0 VGA BANK 0: Sampled on hard reset, this bit assumes the external strapping
<ll> Rfw configuration value. During hard reset, the control signal derived from this register bit is

forced to guarantee the reset path to the VGA straps which come from the vd bus.

This field should be written to only when necessary. When written, it may glitch or
pass through an intermediate value, even when rewriting the same value. When
fbm = 3, vbank0  should be set to 0 (Bank 2).

Reserved
<15:12>

rfhcnt
<19:16>

fbm
<23:20>

hYPerPg
<25:24>

Refer to Section 3.6.3 to determine the reset value of this bit.

Reserved: Writing has no effect. These bits return all zeroes when read.

ReFresH  CouNTer:  This field defines the rate of VRAM/DRAM  refresh requests.

Program (round the fraction to the nearest integer):

rfhcnt = RAM refresh period US x clock-frequency Mhz / 64.

For a typical 40Mhz system, a value of 9 is programmed in rfhcnt.

rfhcnt = 15.625 US x 40 Mhz / 64.

During the reset period, the refresh request is continuously forced to its inactive state so
that no VRAM activities will occur. By maintaining the reset low for 200 US, a proper
VRAM initialisation will occur (valid for power up or after a VRAM error).

Writes to this field are glitch-free.

Frame Buffer Mode: This field specifies the mode used to draw in the frame buffer. The
modes are used to generate all xRAM control strobes and addresses. For more
information about frame buffer mode, refer to Section 3.2.1.

Writes to this field are glitch-free.

HYPER PaGe: On power up, software must read the external strapping value in the
destination register (DSTl),  and set this bit accordingly.

hyperpgcl:O>

dmaMod<l:O> Mnemonic Operation

00 NOHYPER NO HYPER-PAGE (default)

01 SELHYPER HYPER-PAGE on 256Kx8 SECTIONS (Bank = 2,3,4)

10 ALLHYPER ALL HYPER-PAGE

11 - Reserved

This field should be written to only when necessary. When written, it may glitch or
pass through an intermediate value, even when rewriting the same value. Writing this
field may cause spurious errors. It should only be written during the product
configuration process.
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OPMODE Operating mode (continued)

These bits are read from VD<52:5  I> during reset. Software must read these bits from
DSTlc20: 19> and load them here.

tram <26> Type of VRAM: The tram field is used by the CRTC for data transfer request generation.
Specifies the type of 256Kx? VRAM used for Banks 2,3, and 4 (note that all banks
should have the same type of VRAM). On power up, software must read the external
strapping value in the destination registers (DSTO, DSTl),  and set this bit accordingly.

This field should be written to only when necessary. When written, it may glitch or
pass through an intermediate value, even when rewriting the same value. Whiting this
field may cause spurious errors. It should only be written during the product
configuration process.

Value Meaning

0 256K x 16 (SAM = 256)

1 256Kx4or256Kx8CMM=512~

Read from VD<54>  during reset. Software must read this bit from DST1<22>,  invert it,
then load it here.

block8/<27> This field indicates VRAM support for &bit  block transfers. The value is read from
VD<19>  at reset. Software must read this bit, invert it, then store it in OPMODE<27>.
The strapping values are as follows:

-

Value Meaning

0 4-bit block mode is supported
1 &bit  block mode is supported

Reserved
<31:28>

Reserved: Writing has no effect. These bits return all zeroes when read.

-
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CRTC Control CRTC-CTRL

Memory Address lE5C (MEM) Attributes R/W - STATIC

Reset Value 0000 0000 0000 0000 0000 0000 0000 OOOOb- -

crtcbpp
<l:O>

alw <2>

interlace
<4:3>

videodelay
c 10,9,5>

Reserved (reads all O’s) videodelay
71

31 30 29 28 27 26 25 24 23 22 21 20 19 18 1716 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CRTC Bits Per Pixel: Specifies the number of bits per pixel for the video. Writes to this
field are glitch-free.

crtcbpp Number of bits

00 8

01 16

10 32

11 Reserved

Automatic Line Wrap: Specifies that the video is in automatic line wrap. If set to 0, the
video is in non-automatic line wrap. If set to 1, the video is in automatic line wrap. Writes
to this field are glitch-free.

INTERLACE: Indicates interlace mode and pitch. Writes to this field are glitch-free.

interluced:O> Mode

00 Non interlaced

01 Interlace : pitch = 768 (768 and 640)

10 Interlace : pitch = 1024(800and  1024)

11 Interlace : pitch = 1280 (1280)

VIDEO DELAY Specifies the delay in the dtrequest module between the CRTC signals
and the delayed signals sent to the VCTL. The delay must respect three constraints which
are described at the end of Section 3.2.5.5. Writes to this field are glitch-free.

videodelay4:0>  Delay

000 5 vidclk

001 11 vidclk

010 24 vidclk

011 28 vidclk

100 3 vidclk

101 4 vidclk

11x Reserved
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CRTC CTRL- CRTC Control (continued)

hrsten
<6>

HoRizontal  video ReSeT  ENable:  When set to 1, the horizontal counter of the CRTC can
be reset by the VIDRST pin.

This field should be written to only when necessary. When written, it may glitch or
pass through an intermediate value, even when rewriting the same value.

vrsten <7> Vertical video ReSeT  ENable: When set to 1, the vertical counter of the CRTC can be
reset by the VIDRST pin.

This j?eld should be written to only when necessary. When written, it may glitch or
pass through an intermediate value, even when rewriting the same value.

vesafeat <8> Activates the extra memory page select bit. Used in VGA mode by the VESA driver to
reduce the first memory access window from 64K to 32K.

This field should be written to only when necessary. When written, it may glitch or
pass through an intermediate value, even when rewriting the same value.

vscale
47: 16>

Video clock pre-SCALing:

These bits are used to specify a pre-scaling factor to the clock that is sent to the CRTC.
Writes to this field are glitch-free.

syncdel
49: 18>

SYNC DELay: These bits specify the delay that is to be added to the horizontal and
vertical sync. The syncdel field has no effect when a DUBIC chip is present, since
HSYNC/  and VSYNC/  are not generated by ATHENA. Writes to this field are glitch-free.

Reserved
<31: 20,
15:11>

vgaen syncdel Delay added to HSYNC. and VSYNC/

0 X 1 (bypass)

1 0 1 (bypaW
2

4

8

1 1 (bypass)

Reserved: Writing has no effect. These bits return all zeroes when read.
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5.3 VGA Mode Register Descriptions

CRTC Address (CRT Controller Register)

Memory Address Mono lFB4 Color lFD4 I/O Address Mono 3B4 Color 3D4

CRTC register index address 7:0

D7-DO

7 6 5 4 3 2 1 0

CRTC Register Index Address
These bits select which CRTC register is to be accessed.

Horizontal Total

Memory Address Mono lFB5 Color lFD5

(CRT Controller Registers)

I/O Address Mono 3B5  Color 3D5 Index 00

Horizontal total 7:0

7 6 5 4 3 2 10

D7-DO Horizontal Total
These bits define the total number of characters, minus five, in the horizontal scan
interval including retrace time. The horizontal period is TH = (R0+5)  x Tc; where RO is
the contents of this register, and Tc is the period of the input character clock.

Horizontal Display Enable End (CRT Controller Registers)

Memory Address Mono lFB5 Color lFD5 I/O Address Mono 3B5 Color 3D5 Index 01

Horizontal displayed characters 7:0

7 6 5 4 3 2 10

D7-DO Horizontal Displayed Characters
These bits define the length of the horizontal display period. This period is equal to
(Rl+l)  x Tc;  where Rl is the contents of this register, Tc is the period of the input
character clock, and providing RI is less than RO.
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(CRT Controller Registers) Horizontal Blanking Start

Memory Address Mono lFB5 Color lFD5 I/O Address Mono 3B5  Color 3D5

Horizontal blank start pos. 7:0

Index 0 2

D7-DO Horizontal Blank Start Position
The value of this register determines when the horizontal component of the blanking
signal becomes active. This component goes high at time (R2+1) x Tc after the start of a
horizontal cycle; where R2 is the contents of this register, Tc is the period of the input
character clock, and providing R2 is less than RO.

7 6 5 4 3 2 10

(CRT Controller Registers) Horizontal Blanking End

Memory Address Mono 1FB5 Color 1FD5 I/O Address Mono 3B5 Color 3D5 Index 0 3

D6-D5

D4-DO

z 32 E
% .8 3rr” 52

I ++I
Horizontal blank end pos. 40

7 6 5 4 3 2 10

Horizontal Skew Bits 1 And 0
These bits determine the skew of the display enable signal as follows:

1 06 1 D5 1 Disable Enable Skew

0 0 Display enable is not delayed

0 1 Display enable delayed by one character clock

1 0 Display enable delayed by two character clocks

1 1 Display enable delayed by three character clocks

Horizontal Blank End Position Bits 4 To 0
These five bits are the least significant bits of a six-bit total which determines the length
of the active horizontal blanking signal. The sixth bit is located at D7 of the horizontal
retrace end (Index 05h) register. Horizontal blank end occurs at (using 8-bit math)
R2+{ [(Horizontal blank end value AND 3Fh) - (R2 AND 3Fh)]  AND 7Fh).
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Horizontal Retrace Start (CRT Controller Registers)

Memory Address Mono lFB5 Color lFD5 I/O Address Mono 3B5 Color 3D5 Index 04

D7-DO

Horizontal retrace start pos.

7 6 5 4 3 2 1 0

Horizontal Retrace Start Position Bits
The value of these bits determines when the horizontal retrace will start.

Horizontal Retrace End

Memory Address Mono lFB5 Color lFD5

(CRT Controller Registers)

I/O Address Mono 3B5 Color 3D5 Index 05

D7

D6-D5

D4-DO

I f-

Horizontal
17

retrace end pos. .4 0.

7 6 5 4 3 2 I 0

Horizontal Blank End Position Bit 5
This is the horizontal blank end position MSB. The first five bits are in the horizontal
blanking end register (Index 03h).

Horizontal Retrace Skew Bits 1 And 0
These bits determine the skew of the horizontal retrace signal as follows:

Horizontal Retrace Skew

Horizontal retrace is not delayed

Horizontal retrace delayed by one character clockIHorizontal retrace delayed by two character clocks

Horizontal retrace dela ed b three character clocks

Horizontal Retrace End Position Bits 4 To 0
These bits determine the length of the active horizontal retrace signal. The horizontal
retrace end position occurs at (using &bit  math) R4+ { [(R5 AND 1Fh)  - (R4 AND lFh)]
AND 3Fh)
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(CRT Controller Registers) Vertical Total

Memory Address Mono lFB5 Color lFD5 I/O Address Mono 3B5 Color 3D5 Index 06 _-

Vertical total 7:0

7 6 5 4 3 2 1 0

D7-DO Vertical Total Bits 7 To 0
These are the low-order eight-bits of the ten-bit vertical total. Bits eight and nine are
located in the overflow register (Index 07h). Vertical total = Vertical total value+2.

(CRT Controller Registers) Overflow

Memory Address Mono lFB5 Color lFD5 I/O Address Mono 3B5 Color 3D5 Index 0 7

D7

D6

D5

D4

D3

D2

Dl

DO

Vertical Retrace Start Bit 9: This is bit nine, the MSB of the vertical retrace start register
(Index 1Oh).  This bit is reserved in EGA mode.

Vertical Display End Bit 9: This is bit nine, the MSB of the vertical display enable end
register (Index 12h). This bit is reserved in EGA mode.

Vertical Total Bit 9: This is bit nine, the MSB of the vertical total register (Index 06h).
This bit is reserved in EGA mode.

Line Compare Bit 8: This is bit eight of the line compare register (Index 18h).

Vertical Blanking Start Bit 8: This is bit eight of the vertical blanking start register (Index
15h).

Vertical Retrace Start Bit 8: This is bit eight of the vertical retrace start register (Index
IOh).

Vertical Display End Bit 8: This is bit eight of the vertical display enable end register
(Index 12h).

Vertical Total Bit 8: This is bit eight of the vertical total register (Index 06h).
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Preset Row Scan (CRT Controller Registers)

Memory Address Mono lFB5 Color lFD5 I/O Address Mono 3B5 Color 3D5 Index 0 8

D6-D5 Byte Pan Bits 1 And 0

D4-DO

These bits control the byte panning in modes programmed as multiple shift modes.

Preset Row Scan Bits 4 To 0
The value of these bits is the first row value at the start of a vertical period.

I r
Preset row scan 4:0

I 1

7 6 5 4 3 2 I 0

Maximum Scan Line (CRT Controller Registers)

Memory Address Mono lFB5 Color lFD5 I/O Address Mono 3B5 Color 3D5 Index 09

D7

7 6 5 4 3 2 1 0

Line Doubling Enable: This bit is reserved in EGA mode.

w 0: Disables double scan.

. 1: Enables double scan.

D6 Line Compare Bit 9
This is bit nine, the MSB of the line compare register (Index 18h). This bit is reserved in

EGA mode.

D5 Vertical Blanking Start Bit 9
This is bit nine, the MSB of the vertical blanking start register (Index 15h). This bit is
reserved in EGA mode.

D4-DO Maximum Scan Line Bits 4 To 0
These bits specify the number of scan lines in a character row.

-/
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(CRT Controller Registers) Cursor Start

Memory Address Mono lFB5 Color lFD5 l/O Address Mono 3B5  Color 3D5 Index O A

7 6 5 4 3 2 1 0
i

D7 CRTC Test Enable

n 0: Disables the CRT test circuitry.

D5

n 1: Enables the CRT test circuitry if bit D7 of the extended function register, 3DFh
Index 01, is also 1.

Cursor Disable. This bit is reserved in EGA mode.

n 0: Turns the cursor on.

n 1: Turns the cursor off.

D4-DO Cursor Start Row Scan Bits 4 To 0
These bits specify the row scan of a character line where the cursor is to begin.

(CRT Controller Registers) Cur& End -

Memory Address Mono lFB5 Color lFD5 I/O Address Mono 3B5  Color 3D5 Index O B

z
2
2s
2
I r

Cursor end row scan 4:0
11

7 6 5 4 3 2 1 0

D6-D5

D4-DO

Cursor Skew Bits 1 And 0
These bits determine the skew of the cursor signal as follows:

06 D5 C u r s o r  S k e w

0 0 Cursor signal is not delayed

0 1 Cursor signal delayed by one character clock

1 0 Cursor signal delayed by two character clocks

1 1 Cursor signal delayed by three character clocks

Cursor End Row Scan Bits 4 To 0
These bits specify the row scan of a character line where the cursor is to end. -
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Start Address High (CRT Controller Registers)

Memory Address Mono lFB5 Color lFD5 l/O Address Mono 3B5 Color 3D5 Index Oc

Start address 15:8

D7-DO

7 6 5 4 3 2 1 0

Start Address Bits 15 To 8
These are the eight MSB’s of the 16-bit start address of the screen buffer.

Start Address Low

Memory Address Mono lFB5 Color lFD5

(CRT Controller Registers)

I/O Address Mono 3B5 Color 3D5 Index O D

Start address 7:0

7 6 5 4 3 2 10

D7-DO Start Address Low Bits 7 To 0
These are the eight LSB’s of the 16-bit start address of the screen buffer.

Cursor Position High (CRT Controller Registers)

Memory Address Mono lFB5 Color lFD5 I/O Address Mono 3B5  Color 3D5 Index O E

Cursor address 158

7 6 5 4 3 2 10

D7-DO Cursor Address Bits 15 To 8
These are the eight MSB’s of the 16-bit address of the cursor location in memory.
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(CRT Controller Registers) Cursor Position Low

Memory Address Mono lFB5 Color lFD5 I/O Address Mono 3B5 Color 3D5 Index O F

D7-DO Cursor Address Low Bits 7 To 0
These are the eight LSB’s of the 16-bit address of the cursor location in memory.

Cursor address 7:0

7 6 5 4 3 2 10

(CRT Controller Registers) Vertical Retrace Start

Memory Address Mono lFB5 Color lFD5 l/O Address Mono 3B5 Color 3D5 Index IO

D7-DO

Vertical retrace start pos. 7:0

7 6 5 4 3 2 10

Vertical Retrace Start Position Bits 7 To 0
These are the eight LSB’s of the vertical retrace start position, and is programmed in
horizontal scan lines. Bits eight and nine are in the overflow register (Index 07h).

-
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Vertical Retrace End (CRT Controller Registers)

Memory Address Mono lFB5 Color lFD5 I/O Address Mono 3B5 Color 3D5 Index 11

D7

D6

D5

7 6 5 4 3 2 1 0

Register 7-O Protect. This bit is reserved in EGA mode.

. 0: Enables the writing of data to CRTC registers 7 To 0.

. 1: Disables the writing of data to CRTC registers 7 To 0.

Select 5 Refresh Cycles. This bit is reserved in EGA mode.

9 0: Allows three dynamic RAM refresh cycles per horizontal line.

9 1: Allows five dynamic RAM refresh cycles to be generated in every horizontal line.

Enable Vertical Interrupt
D5=0 enables the vertical retrace interrupt.

D4 Clear Vertical Interrupt
D4=0 clears the vertical retrace interrupt. After being cleared this bit must be set to 1 so
that interrupts are not held inactive.

i3
d

Verb retrace
end pos. 3:0

I I-I

D3-DO Vertical Retrace End Position Bits 3 To 0
These bits determine the length of the vertical retrace signal. Since this value is only four
bits in length, The maximum length of the vertical retrace signal is 15 clock periods.

Vertical Display Enable End (CRT Controller Registers)

Memory Address Mono lFB5 Color lFD5 I/O Address Mono 3B5 Color 3D5 Index 12

Vertical displayed lines 7:0
1

7 6 5 4 3 2 IO

D7-DO Vertical Displayed Lines Bits 7 To 0
These are the least significant eight bits of the ten-bit value which defines the vertical
display enable end position. The value of these ten bits is the total number of lines to be
displayed minus one.
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(CRT Controller Registers)

Memory Address Mono lFB5 Color ED5 I/O Address Mono 3B5 Color 3D5

Line address offset 7:0

Offset

Index 13

7 6 5 4 3 2 10

D7-DO Line Address Offset Double Words
These bits are the value used to offset the memory address counter to the begining of the
next displayed character line. This value is the number of double words (or single words)
in one character line.

(CRT Controller Registers) Underline Location

Memory Address Mono lFB5 Color lFD5 I/O Address Mono 3B5  Color 3D5 Index 14

D6

D5

D4-DO

w

2
-E
s
o Underline row scan 4:0
I /

7 6 5 4 3 2 1 0

Double Word Select. This bit is reserved in EGA mode.

. 0: Causes the memory addresses to be single word addresses.

w 1: Causes the memory addresses to be double word addresses.

Count By four. This bit is reserved in EGA mode.

. 0: Causes the memory address counter to be clocked with the character clock.

. 1: Causes the memory address counter to be clocked with the character clock divided
by four. If the count by two bit (Index 17h bit D3) is set to 1, then this bit has no effect.

Underline Row Scan Bits 4 To 0
These bits specify the horizontal row scan of a character row on which an underline
occurs.

-
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Vertical Blanking Start (CRT Controller Registers)

Memory Address Mono lFB5 Color lFD5 I/O Address Mono 3B5  Color 3D5 Index 15

Vertical blank start pos. 7:0

7 6 5 4 3 2 10

D7-DO Vertical Blanking Start Position Bits 7 To 0
These are the least significant eight bits of the ten-bit start vertical blanking value. Bits
eight and nine are found in the overflow register (Index 07h) and the maximum scan line
register (Index 09h). The value of these ten bits is one less than the horizontal scan line
count at which the vertical blanking signal becomes active.

Vertical Blanking End

Memory Address Mono lFB5 Color lFD5

(CRT Controller Registers)

I/O Address Mono 3B5 Color 3D5 Index 1 6

Vertical blanking end position 7:0

-

I I

7 6 5 4 3 2 1 0

1

Reserved (EGA)

D7-DO Vertical Blanking End Position Bits 7 To 0
The value of these bits specify the horizontal scan count when the vertical blanking signal
becomes inactive. This value is in horizontal scan lines.
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(CRT Controller Registers) Mode Control

Memory Address Mono lFB5 Color lFD5 I/O Address Mono 3B5 Color 3D5 Index 17

D7

D6

D5

D3

D2

7 6 5 4 3 2 10

CRTC Reset

n 0: Clears both the horizontal and vertical retrace.

. 1: Enables both the horizontal and vertical retrace.

Byte/Word Mode Select

. 0: Selects word mode. The memory address counter bits are shifted left before being
applied to the video memory. Address bit 0 is replaced with either bit 15 or bit 13 of the
memory address counter, as selected by the MA 15/MA  13 select bit

. 1: Selects the byte mode. The memory address counter bits are applied directly to the
video memory.

MA 15lMA 13 Select

. 0: Selects memory address counter bit 13 to be used as memory address bit 0 in word
mode. In byte mode, memory address counter bit 0 is used for memory address bit 0.

. 1: Selects memory address counter bit 15 to be used as memory address bit 0 in word
mode. In byte mode, memory address counter bit 0 is used for memory address bit 0.

Count By Two

. 0: Causes the memory address counter to be clocked by the character clock.

n 1: Causes the memory address counter to be clocked by every second character clock.

Horizontal Retrace Divide Select

n 0: Causes the vertical timing counter to be clocked on every horizontal retrace. The
maximum number of horizontal scan lines is 1024.

. 1: Causes the vertical timing counter to be clocked by every second horizontal retrace.
The maximum number of horizontal scan lines is 2048.
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Mode Control (continued) (CRT Controller Registers)

Dl MA 14/Raw Scan Select
This bit is used to select the internal signal used for memory address 14.

n 0: Causes the row scan counter bit 1 to be used as memory address bit 14 during CRTC
reads from display memory.

DO

n 1: Causes memory address bit 14 to be used as memory address bit 14 during CRTC
reads from display memory.

Compatability Mode Select
This bit is used for compatibility with IBM CGA.

w 0: Causes the row scan address bit 0 to be used as memory address bit 13 during CRTC
reads from display memory.

. 1: Causes memory address counter bit 13 to be used as memory address bit 13 during
CRTC reads from display memory.

Line Compare

Memory Address Mono lFB5 Color lFD5

(CRT Controller Registers)

I/O Address Mono 3B5 Color 3D5 Index 18

Line Compare 7:0

7 6 5 4 3 2 10

D7-DO Line Compare Bits 7 To 0
These are the eight least significant bits of the ten-bit line compare value. When the
number of displayed lines reaches this value, the display memory address is reset
following two horizontal lines. Bit eight and bit nine are in the overflow register (Index
07h) and the maximum scan line register (Index 09h).
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(CRT Controller Registers) CPU Latch Read

Memory Address Mono lFJ35  Color lFD5 I/O Address Mono 3B5 Color 3D5 Index 22

CPU Data bits 7:0

7 6 5 4 3 2 lo

D7-DO CPU Data Bits 7 To 0
This register reads one of four 8-bit  registers of the graphics controller CPU data latch.
These latches are loaded when the CPU reads from display memory. Bits 1 and 0 of
graphics controller register Index 04h (read plane select) determine which of the four
latches (planes O-3) is read. This register contains color compare data in mode 1.

(CRT Controller Register) Attributes Address/Data Select

Memory Address Mono lFB5 Color l~D5 I/O Address Mono 3B5 Color 3D5 Index 2 4

D7

Attributes address/data select

Reserved

7 6 5 4 3 2 10

Attributes Address/Data Select:

. 0: Indicates the attributes controller is prepared to accept an address value.

n 1: Indicates the attributes controller is prepared to accept a data value.

A read from port lFBA/lFDAh resets D7. Each data write to the attributes controller will
toggle this bit.

-
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Attributes Address (CRT Controller Register)

Memory Address Mono lFB5 Color lFD5 I/O Address Mono 3B5 Color 3D5 Index 2 6

D5

D4-DO

Q)a3=-ss
Reserved g % Attributes address 4:0
- I I

7 6 5 4 3 2 1 0

Palette Enable

Attributes Address Bits 4 To 0:
These bits return the value of the attributes controller address register.

Graphics Controller CPU Data Latch, Map 0 (CRT Controller Registers)

Memory Address Mono lFB5 Color lFD5 I/O Address Mono 3B5  Color 3D5 Index EO

CPU data 7:0

D7-DO

7 6 5 4 3 2 10

CPU Data Bits 7 To 0
This register contains the data which is to be written to, or has been read from the &bit
register for plane 0 of the graphics controller CPU data latch.

After this register is accessed, the index will automatically increment to El.

Graphics Controller CPU Data Latch, Map 1 (CRT Controller Registers)

Memory Address Mono lFB5 Color lFD5 I/O Address Mono 3B5 Color 3D5 Index E l

D7-DO CPU Data Bits 7 To 0
This register contains the data which is to be written to, or has been read from the &bit
register for plane 1 of the graphics controller CPU data latch.

After this register is accessed, the index will automatically increment to E2.

CPU data 7:0

7 6 5 4 3 2 10
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(CRT Controller Registers) Graphics Controller CPU Data Latch, Map 2

Memory Address Mono lFB5 Color lFD5 I/O Address Mono 3B5 Color 3D5 Index E 2

CPU data  7 :0

D7-DO

r ~~

7 6 5 4 3 2 1 0

CPU Data Bits 7 To 0

This register contains the data which is to be written to, or has been read from the &bit
register for plane 2 of the graphics controller CPU data latch.

After this register is accessed, the index will automatically increment to E3.

(CRT Controller Registers)

Memory Address Mono lFB5 Color lFD5

Graphics Controller CPU Data Latch, Map 3

I/O Address Mono 3B5 Color 3D5 Index E 3

D7-DO CPU Data Bits 7 To 0

CPU data 7:0

7 6 5 4 3 2 10

This register contains the data which is to be written to, or has been read from the &bit
register for plane 3 of the graphics controller CPU data latch.

After this register is accessed, the index will automatically increment to EO.

-
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Mode Control

Memory Address lFB8 I/O Address 3B8

(Hercules Registers)

D7 Display Page 1

D5

D3

Dl

7 6 5 4 3 2 10

n 0: Causes memory page 0 (BOOOO-B7FFFh)  to be displayed.

. 1: Causes memory page 1 (B8000-BFFFFh)  to be displayed. Bit Dl of the
configuration register (3BFh) must be high before this bit can be set.

Text Blink Enable

. 0: Causes attribute bit 7 to be used for background intensity in text mode.

n 1: Causes all characters with attribute bit 7 high to blink and all characters to have low
background intensity.

Display Enable

. 0: Blanks the display.

w 1: Enables the display. Bit D5 of auxiliary register 2 (emulation control) must be 1
before the display can be blanked.

Graphics Mode Select

. 0: Selects text mode.

9 1: Selects graphics mode. This bit can be set only if DO of the configuration register
(3BFh) is 1.
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(Hercules Registers) Light Pen Set

Memory Address 1~~9 I/O Address 3B9

Reserved

7 6 5 4 3 2 1 0

When this port is read from or written to the light pen latch is set.

(Hercules Registers) Light Pen Clear

Memory Address 1FBB I/O Address 3BB

Reserved

7 6 5 4 3 2 10

When this port is read from or written to the light pen latch is cleared.

4
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Configuration

Memorv Address 1FBF I/O Address 3BF

(Hercules Registers)

Dl Enable Page 1

DO

Enable graphics mode
Enable page 1

Reserved

7 6 5 4 3 2 10

. 0: Prevents D7 of the mode control register (3B8h)  from being set.

n 1: Allows D7 of 3B8h  to be set. The logical AND of this bit and data bus D7 is applied
to the bit 7 latch of the mode control port.

Dl=O causes the display memory to appear in the BOOOO-B7FFFh  CPU address range. In
text mode, the memory is actually only 4K in size and is repeated (B 1000-B lFFFh,
B2000-B2FFFh,  etc. are the same memory as BOOOO-BOFFFh).  Dl=l allows 64K of
unique memory to be accessed in the BOOOO-BFFFFh  range.

When in graphics mode, 64K of unique memory is always available. The CPU can access
the upper 32K (B8000-BFFFFh)  only when D l= 1.

Enable Graphics Mode

n 0: Prevents Dl of 3BSh  from being set.

. 1: Allows D 1 of the mode control register (3BSh) to be set.

The logical AND of this bit and data bus Dl is applied to the bit 1 latch of the mode
control port.
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(Attributes Controller Registers) Address

Memory Address lFC0 I/O Address 3c0

aa,
=132Ki Attrib.  controller

Reserved C? % reg. index 4:0
I I  I

7 6 5 4 3 2 1 0

D5 Palette Enable

D4-DO

A read from port 3BA/3DAh  resets this port to the attributes address register. The first
read or write to this register after a 3BA/3DAh  reset accesses the attributes index, the
next read or write accesses the palette. Subsequent reads or writes to this register toggle
between index and palette.

. 0: Enables the loading of the palette registers. The display is forced to the overscan
color.

n 1: Enables the application of video pixel data to the color palette address inputs.

Attributes Controller Register Index Address Bits 4 To 0
Bits D4-DO of this register select which attributes register is to be accessed at 03Clh.

(Attributes Controller Registers) Palette

Memory Address Read lFC1 Write lFC0 I/O Address Read 3Cl Write 3C0 Index
00-OF

Reserved

7 6 5 4 3 2 10

There are 16 palette registers. Each of these registers corresponds to one possible
combination of the four video plane inputs to the attributes controller system.

Bits D5-DO allow a dynamic mapping of text attribute or graphic color input value for the
displayed color. The value of these six bits determine the color to be displayed.
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Mode Control (Attributes Controller Registers)

Memory Address Read 1FCl Write lFC0 I/O Address Read 3Cl Write 3C0 Index 1 0

D7

D6

D5

D3

D2

7 6 5 4 3 2 10

I
Reserved (EGA)

PD5/4  Select

. 0: Enables PD5 and PD4 to become the outputs of the palette registers.

. 1: Causes PD5 and PD4 to be used as bits 0 and 1 of the color select register.

PEL Width

. 1: Causes the video pipeline to be sampled such that eight bits are available for color
selection in the 256-color mode.

n 0: This bit should be 0 in all other modes.

PEL Panning Compatibility

H 0: Has no effect on the output of the PEL panning register.

. 1: Causes a successful line compare in the CRT controller to force the output of the of
the horizontal panning register to 0 until “+VSYNC” becomes active. The output then
returns to its programmed value. This bit allows the panning of only the top portion of
the display.

Blink/Intensity Select

. 0: Selects the use of bit D7 of the character attribute to be used for the background
intensity.

. 1: Selects the use of bit D7 of the character attribute to be used for blink. This bit is also
1 to enable blinking in graphics modes.

Line Graphics Enable

. 0: Causes the ninth horizontal bit position of a displayed character cell to be the same
color as the background.

9 1: Causes the ninth horizontal bit position of a displayed character cell to be the same
as the eighth bit position if the character code being displayed is between OCOh and
ODFh.
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(Attributes Controller Registers) Mode Control (continued)

Dl

DO

Monochrome/Color Select

. 0: Selects color display attributes.

n 1: Selects monochrome display attributes.

Graphics Mode Select

w 0: Selects the alphanumeric mode.

9 1: Selects the graphics mode.

(Attributes Controller Registers)

Memory Address Read lFC1 Write lFC0

Overscan Color

I/O Address Read 3Cl Write 3C0 Index 11

D7-DO

Overscan  PD7:O

7 6 5 4 3 2 10

Reserved (EGA)

Overscan  PD7 To PDO: These eight bits determine the border color of the CRT display.
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Color Plane Enable (Attributes Controller Registers)

Memory Address Read lFC1 Write lFC0 I/O Address Read 3C 1 Write 3C0 Index 12

Diagnostic
Reserved select I:0 Enable plane 3:0
Illll

7 6 5 4 3 2 10

D5D4 Diagnostic Select Bits 1 And 0
These bits select two of eight color outputs for the status port (see ports 3BAh, 3DAh bits
D4 and DS) as follows:

Diagnostic Select

D5 04

0 0

0 1

1 0

1 1

status Port

D5 04

PD2 PDO

PD5 PD4

PD3 PDl

PD7 PD6

D3-DO Enable Planes 3 To 0

n 0: Disables the corresponding memory plane.

. 1: Enables the corresponding memory plane.

Horizontal Panning (Attributes Controller Registers)

Memory Address Read 1FCl Write lFC0 I/O Address Read 3Cl Write 3C0 Index 13

Reserved Horiz. pan count 3:0
II

7 6 5 4 3 2 10

D3-DO Horizontal Pan Count Bits 3 To 0
These bits are used for horizontal panning. In &PELs-per-character  modes, this register is
normally programmed with the value 0. The displayed image is shifted left by the number
of pixels specified using this register. The maximum allowed is seven. In
9-PELs-per-character  modes this register is normally programmed with the value of eight.
Programming the values zero to seven will shift the display increasingly to the left.
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(Attributes Controller Registers) Color Select

Memory Address Read lFC1 Write lFC0 I/O Address Read 3Cl Write 3C0 Index 14

D3-D2

Dl-DO Color Select Bits 5 And 4

Reserved Color select 7:4
IL

7 6 5 4 3 2 1 0

Reserved (EGA)

Color Select Bits 7 And 6
These bits are the two most significant bits of the eight-bit color value in all modes except
256-color  graphics.

These bits can be used in place of the PD5 and PD4 outputs from the palette registers to
form the eight-bit color value.

-
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Miscellaneous Output (Misc. Register)

Memory Address Read 1FCC Write lFC2
Write EGA lFC3

I/O Address Read 3CC Write 3C2
Write EGA 3C3

D7 Vertical Retrace Polarity Select

n 0: Selects positive vertical retrace.

D6

. 1: Selects negative vertical retrace.

Horizontal Retrace Polarity Select

. 0: Selects positive horizontal retrace.

D5

D4

Clock
I I I I I I  I

7 6 5 4 3 2 1 0

. 1: Selects negative horizontal retrace.

Odd/Even Page Select
This bit selects between two 64K pages of memory when in the Odd/Even mode.

. 0: Selects the low page of RAM.

. 1: Selects the high page of RAM.

Video Disable (EGA mode only)

. 0: Activates internal video drivers.

. 1: Deactivates the internal video drivers.

D3-D2

Dl

Clock Select Bits 1 And 0
Bits D3 and D2 select the clock source as dictated by Auxiliary register 01, D6. See
Auxiliary register 01, D6 for further details.

Video RAM Enable

n 0: Disables the video RAM.

DO

. 1: Enables the video RAM at the address set by the Graphics Controller Miscellaneous
register, Index 6, bits D2 and D3.

I/O Address 3DX/3BXh  Select

n 0: Sets the CRT controller address to 3BXh and the input status register 1 address to
3BAh for monochrome adapter emulation. The second video RAM window, when
enabled, is accessable from BOOOOh  to B7FFFh.

n 1: Sets the CRT controller address to 3DXh and the input status register 1 address to
3DAh for CGA emulation. The second video RAM window, when enabled, is
accessable from B8OOOh  to BFFFFh.
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(VGA/EGA/Mist  Registers) Input Status Register 0

Memory Address lFC2
EGA lFC3

I/O Address 3C2
EGA 3C3

D7 CRTC Interrupt
D7=1 signifies that a CRTC interrupt is pending. The interrupt is cleared when this bit is
set to 0.

D6-D5

D4

7 6 5 4 3 2 1 0

Feature Input 1 And 0
These bits are always read as ‘ 11’.

Monitor Sense 0 (Switch Sense in EGA mode)
In VGA mode, D4 is always read as 1. In EGA mode, the value read depends on bits
D3:D2 of the Misc. Output register.

D3:D2 1 04 I
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Address (Sequencer Registers)

Memory Address lFC4 I/O Address 3C4

Sequencer Register
Reserved Index Address
‘II

7 6 5 4 3 2 10

D4-DO

Reset

Sequencer Register Index Address Bits 4 to 0
The index specified by these address bits indicate the location of the register to which
data is being written to or read from.

(Sequencer Registers)

Memory Address lFC5 I/O Address 3~3 Index 00

Dl Synchronous Reset

DO

Reserved a

7 6 5 4 3 2 1 0

. 0: Clears and stops the sequencer at the end of a memory cycle, and the memory buses
are placed in the high impedance state. This bit must be set to 0 before changing any of
the following:

- DO and D3 of lFC5h Index 01

- D2 and D3 lFC2h

- DO, D 1 and D5 of 1FDFh Index 01

- D3 and D6 of 1FDFh Index 2

Asynchronous Reset

n 0: Clears and stops the sequencer at the end of a memory cycle and the DIP switch latch
becomes transparent. Resetting the sequencer with this bit can cause the loss of data.
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(Sequencer Registers) Clocking Mode

Memory Address lFC5 I/O Address 3C5 Index 0 1

7 6 5 4 3 2 1 o

D5

D4

D3

D2

Dl Band Width (EGA mode only)

DO

Screen Off

. 0: Normal video operation.

. 1: Turns off the video and maximum memory bandwidth is assigned to the system. The
display is blanked and all sync pulses are maintained

Shift 4

9 0: Causes the graphics controller shift registers to be reloaded every character clock.

. 1: Causes the graphics controller shift registers to be reloaded on every fourth character
clock. This is used for 32-bit fetches.

Dot Clock Rate

. 0: Causes the dot clock rate to be the same as the sequencer clock rate.

. 1: Causes the dot clock rate to be slowed to one-half of the sequencer clock rate. The
character clock and shift/load signals are also slowed to half their normal speed.

Shift/Load Rate

. 0: Causes the graphics controller shift registers to be reloaded every character clock.

. 1: Causes the graphics controller shift registers to be reloaded every other character
clock. This is used for word fetches.

n 0: Causes CRT memory cycles to occur in four of every five sequencer memory cycles.

. 1: Causes CRT memory cycles to occur in two of every five sequencer memory cycles.

9/8 Dot Mode

. 0: Causes the sequencer to generate a 9 dot character clock.

n 1: Causes the sequencer to generate an 8 dot character clock.

-
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Plane Mask

Memory Address lFC5 I/O Address 3C5

(Sequencer Registers)

Index 02

Reserved Plane write enable

7 6 5 4 3 2 1 0

D3-DO Plane 3,2, 1 And 0 Write Enable
A 1 in any bit location will enable system writes to the corresponding video memory
plane. Simultaneous writes occur when more than one bit is 1.

Character Map Select (Sequencer Registers)

Memory Address 1FC5 I/O Address 3~ Index 0 3

Reserved

D5, D3-D2 Map A Select Bits 2, 1 And 0: These bits are used for alpha character generation, when
character attribute bit D3 is 1, according to the following table:

DS 03 02 Map Selected

0 0 0 0
0 0 1 1

0 1 0 2

0 1 1 3
1 0 0 4
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Map Location

lSf 8KB of Plane 2
3rd 8KB of Plane 2
5’h 8KB of Plane 2
7’h 8KB of Plane 2
2nd  8KB of Plane 2
4th  8KB of Plane 2
6’h 8KB of Plane 2

sth  8KB of Plane 2



(Sequencer Registers) Character Map Select (continued)

D4, D&DO Map B Select Bits 2, 1 And 0
These bits are used for alpha character generation, when character attribute bit D3 is 0,
according to the following table:

04

0
0
0
0
1

1

1

1

Dl DO Map Selected Map Location

1” 8KB of Plane 2

3rd  8KB of Plane 2

5’h 8KB of Plane 2

7’h 8KB of Plane 2

2nd 8KB of Plane 2

4’h 8K.B of Plane 2

6th 8KB of Plane 2

8’h 8KB of Plane 2

(Sequencer Registers) Memory Mode

Memory Address lFC5 I/O Address 3~5 Index 04

Reserved

7 6 5 4 3 2 10

I I I
Reserved in EGA’ Reserved in VGA

D3 Chain 4

. 0: Causes the system to access the data sequentially within a memory plane.

. 1: Causes the two low-order bits A0 and A 1 to select the memory plane to be accessed
by the system as follows:

Al A0 Map Selected

0 0 0
0 1 1

1 0 2

1 1 3

-
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Dl

DO

Memory Mode (continued) . (Sequencer Registers)

D2 Odd/Even Mode

n 0: Enables the system to write to planes 0 and 2 only at even addresses and planes 1 and
3 at odd addresses.

9 1: Enables the system to write to any plane which is enabled by the plane mask register.

256K  Memory Size (EGA mode only)

. 0 when 256K of memory is not installed. Address bits 14 and 15 are forced to 0.

. 1 when 256K of memory is installed. Dl should always be 1 for this multi-function
video controller.

Alpha Mode Select (EGA mode only)

. 0: Causes the graphics mode to be active. Address bits 13, 14 and 15 of the B video
memory planes will be the same as those of the A video memory planes.

DAC Status

. 1: Causes the alphanumeric mode to be active. This causes address bits 13, 14 an 15 of
the B video memory planes to be selected from the character map select register.

(VGA/Miscellaneous)

/ Memory Address lFC7 l/O Address 3C7

Reserved
DAC Status

1-O
1

7 6 5 4 3 2 1 0

D&DO DAC Status. This port returns the last access cycle to the palette.

D l DO Most Recent Cycle

0 0 Write palette cycle
1 1 Read Dalette  cvcle

Reads from the DAC Write (3C8) or DAC Status registers do not interfere with read or
write cycles, and may take place at any time.
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(Graphics Controller Registers) Address

Memory Address 1FCE I/O Address 3CE

D3-DO

Graphics controller
Reserved register index 3:0
VI

7 6 5 4 3 2 10

Graphics Controller Register Index Address Bits 3 to 0
These bits select which register is to be accessed at port 3CFh.

(Graphics Controller Registers) Set/Reset

Memory Address ~FCF I/O Address 3CF Index 00

D3-DO

Reserved Set/reset planes 3:0
II

7 6 5 4 3 2 1 0

Set/Reset plane 3 to 0
These bits allow the set or reset of byte values in the four video planes:

-

w 1: Sets the byte

n 0: Resets the byte.

This register is active when the graphics controller is in write mode 0 and enable set/reset
is activated.

-
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Enable Set/Reset (Graphics Controller Registers)

Memory Address 1FCF l/O Address 3CF Index 0 1

Enable set/reset
Reserved planes 3:0
II

7 6 5 4 3 2 10

D3-DO Enable Set/Reset Plane 3 to 0
These bits control the activation of the set/reset register. Setting any bit to 1 enables the
corresponding bit in the set/reset register. Writing a 0 will disable the corresponding
set/reset bit.

Color Compare (Graphics Controller Registers)

Memory Address 1FCF l/O Address 3CF Index 0 2

Reserved Reference color 3:0
2 2

7 6 5 4 3 2 1 0_--

D3-DO Reference Color
These bits represent a 4-bit color value for reference by read mode (bit D3, Index 05h,
mode control register). In this mode, when the system reads from display memory, the
data byte returned will have a 1 in each bit position where the data in the four memory
planes matches the value in the color compare register. Only the planes enabled by the
color don’t care register will be tested.

/-
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(Graphics Controller Registers)

Memory Address 1FCF I/O Address 3CF

Function Data rotate
Reserved select I:0 count 2:0
III

Data Rotate

Index 03

7 6 5 4 3 2 1 0
I

D4-D3 Function Select Bits 1 and 0
These two bits are used to select hardware logic functions to be performed between the
video memory data latches and any data. Selected by the mode control register bits DO
and Dl.

D2-DO

04 03 F u n c t i o n

0 0 Data unmodified

0 1 Logical AND with latched data

1 0 Logical OR with latched data

,l 1 Logical XOR with latched data

Data Rotate Count Bits 2 to 0
These bits produce a 3-bit binary value which specifies the number of bit positions to
rotate the system data on writes to video memory in write mode 0.

(Graphics Controller Registers)

Memory Address 1FCF I/O Address 3CF

Read Plane Select

Index 04

Reserved
Read plane
select I:0

7 6 5 4 3 2 10

Dl-DO Read Plane Select
This register is used to select the video memory plane to be read by the system. This
register will select planes 3 to 0, as programmed in binary, for read operation.
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Mode Control (Graphics Controller Registers)

Memory Address 1FCF I/O Address 3CF Index 0 5

D6 256-Color  Mode (VGA mode only)

. 0: Allows the loading of the shift registers to be controlled by bit D5.

. 1: Causes the shift registers to be loaded in a manner which supports the 256-color
mode

D5

r --

D4

D3 Read Mode Select

D2

Dl-DO

z 2sV) Write mode
2 2 select

7 6 5 4 3 2 1 0

Shift Register Interleave Mode

9 1: Causes the shift registers in the Graphics Controller to format the serial data with
odd numbered bits from both planes in the odd numbered planes and the even
numbered bits from both planes in the even numbered planes.

Odd/Even Mode Select

. 0: Makes the read plane select register control which plane the system reads data from.

. 1: Causes system address bit A0 to replace bit 0 of the read plane select register, thus
allowing A0 to determine odd or even plane selection.

n 0: Causes the system to read data from the active video memory plane.

. 1: Enables the color compare register.

Reserved.

Write Mode Select
These two bits select the write mode as follows:

Dl D O

0 0
0 1

1 0

1 1

Write Mode

Data rotate. logical functions and set/reset are enabled in this mode.

The active video memory plane(s) are written with the contents of the
32-bit system data latches.

In this mode the bit position corresponding to the video plane address
is used as the value of an &bit write to that video plane.

Each plane receives 8 bits of the value contained in the set/reset
register for that plane. Rotated system data is ANDed with the bit
mask register to give an &bit value which performs the same function
as the bit mask register does in modes 0 and 2. In EGA this mode is
the same as mode 1.
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(Graphics Controller Registers) Miscellaneous

Memory Address 1FCF I/O Address 3CF Index 06

Odd/even chain enable -$ -
M e m o r y  m a p  2%

Reserved select I:0 c3 2
‘I I

7 6 5 4 3 2 1 0

D3-D2 Memory Map Select Bits 1 and 0
These bits select where the video memory is mapped as follows:

03 02 Address

0 0 AOOOO-BFFFFh

0 1 A0000 - AFFFFh(‘)

1 0 BOO00 - B7FFFh

1 1 B8000  - BFFFFh

Dl

DO Graphics Mode Select

(‘) Second video RAM window, when enabled, will occupy either BOOOOh  to B7FFFh  or
B8000h  to BFFFFh. See auxiliary register OCh.

Odd/Even Chain Enable
-

. 0: Causes A0 of the memory address bus to be used during system memory addressing.

. 1: Allows A0 to be replaced by either Al 6 of the system address (if bits D3 and D2 are
0), or the odd/even page select bit from the miscellaneous output register.

. 0: Enables alpha mode and the character generator addressing system is activated.

. 1: Enables graphics mode and the character addressing system is not used.
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Color Don’t Care (Graphics Controller Registers)

Memory Address ~FCF I/O Address 3CF Index 07

Reserved Enable plane test 3:0
II

7 6 5 4 3 2 10

D3-DO Enable Plane 3 to 0 Test
When any of these bits are set to 1 the associated plane is included in the color compare
read cycle.

Bit Mask (Graphics Controller Registers)

Memory Address IFCF I/O Address 3CF Index 0 8

D7-DO Data Write Mask Bits 7 to 0

Data write mask

7 6 5 4 3 2 10

If any bit in this register is set to 1 the corresponding bit in all planes may be altered by
the selected write mode and system data.

If any bit is set to 0 the corresponding bit in each plane will not change.
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(CGA Registers) Mode Control Port

Memory Address 1FD8 l/O Address 3D8

D5 Text Blink Enable

D4 High Resolution Graphics: When in graphics mode (Dl=l), D4=0 selects 320 x 200
mode and D4=1 selects 640 x 200 mode. This bit only has an effect when in graphics
modes.

D3 Display Enable

. 0: Blanks the display.

D2

Dl

DO

Reserved

7 6 5 4 3 2 1 0

. 0: Causes attribute bit 7 to be used for background intensity control.

. 1: Characters with attribute bit 7 high will blink and all characters will have low
background intensity.

-

. 1: Enables the display. Bit D5 of auxiliary port 2 must be high before the display can be
blanked.

Monochrome Select: This bit alters the foreground color palette in the 320 x 200 graphics
mode. It has no effect in other modes. For foreground pixels, D2=0 (color) causes the
blue output to have the same state as port 3D9h D5. When D2=1 (monochrome), the blue
output is the same as pixel data bit CO. This bit only has an effect in the 320 x 200
graphics mode. If the CGA hardware palette is disabled (auxiliary port 3 D4=1) this bit
has no effect on hardware.

Graphics Select

n 0: Selects text mode

. 1: Select graphics mode.

High Resolution Text: This bit has no effect in hardware, but must be interpreted by
emulation software to set up the sequencer and CRTC. When in text mode (D l=O), DO=0
selects 40 x 25 characters and DO=1  selects 80 x 25 characters. This bit has no effect in
graphics modes.

-
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Color Select (CGA Registers)

Memory Address lFD9 I/O Address 3D9

D5

Reserved
.z

Q
Cd
a

II I I I I I

7 6 5 4 3 2 I 0

Alternate Palette: In the 320 x 200 graphics mode, D5 selects one of two foreground
color palettes. D5 has an effect only in color mode (port 3D8h D2=0).  When D5=0, the
blue video output is low for all foreground pixels. When D5=1, the blue video output is
high for all foreground pixels. D5 does not change the background (CO=Cl=O) color. If
the CGA hardware palette is disabled (auxiliary port 2 D4=1) then this bit has no effect.

This bit has an effect only in the 320 x 200 graphics mode.

D4 Intensified Palette: In 320 x 200 graphics mode, D4=0 causes the foreground pixels to be
intensified and D4=1 causes them to be low intensity. If the CGA hardware palette is
disabled (auxiliary port 2 D4=1) then this bit has no effect.

This bit has an effect only in the 320 x 200 graphics mode.

D3-DO Intensity, Red, Green, and Blue Select: In the text modes, these bits determine the
overscan  (border) color. In the 320 x 200 graphics mode, these bits determine the
background pixel (CO=C  1=0) and overscan  colors. In 640 x 200 graphics mode, these bits
determine the foreground pixel color.

These bits have no effect if the CGA hardware palette is disabled (auxiliary port 2 D4=1).
The overscan  color is always determined by the contents of the attributes controller
overscan  register if the CGA overscan  is disabled (auxiliary register 2 D3=1).

,-//
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(Mist Registers) Input Status Register 1

Memory Address Mono 1FBA Color 1FDA I/O Address Mono 3BA Color 3DA

D7

D5D4

D3

D2

Diag. to

7 6 5 4 3 2 1 0

lReserved  in CGA and Hercules
Reserved in CGA, EGA, and VGA

Vertical Retrace Status (Hercules mode)

n 0: Indicates that the CRTC is in a vertical retrace period.

. 1: Vertical Retrace is inactive.

Diagnostic 1 And 0
D4 and D5 are selectively connected to two of the eight color outputs of the attribute
controller. Bits D4 and D5 of the color plane enable register determine which color
outputs are used.

Color Plane Input Status
Register Register 1

DS 04 DS 04

0 0 PD2 PDO

0 1 PD5 PD4

1 0 PD3 PDl

1 1 PD7 PD6

This bit has no effect in Power Graphic mode.

Vertical Retrace: (VGA, EGA, or CGA mode)

. 0: Indicates that video information is being displayed.

n 1: Indiates that a vertical retrace interval is occurring.

Video Output Status: (Hercules mode) This bit monitors the direct drive video output.

. 0: Indicates that the driver output is high.

n 1: Indicates that the driver output is low.

Light Pen Switch

. 0: Indicates that the light pen switch is closed.

. 1: Indicates that the light pen switch is open.
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Input Status Register 1 (continued) (Mist Registers)

Dl

DO

Light Pen Latch

w 0: Indicates that the light pen latch is reset.

n 1: Indicates that the light pen latch is set.

This bit has no effect in Power Graphic mode.

Display Enable

n 0: Indicates an active display interval.

n 1: Indicates a horizontal or vertical retrace interval.

Feature Control (VGA/EGA/Mist Registers)

Memory Address Mono W 1FBA Color W 1FDA I/O Address Mono W 3BA Color W 3DA
Read 1FCA Read 3CA

Reserved Feature ctrl. I:0

7 6 5 4 3 2 1 0

Feature Control Bits 1 And 0
These bits can be used as internal general purpose bits.

/ -
I D&DO

Light Pen Clear (Mist Registers)

Memory Address 1FDB I/O Address 3DB

Reserved

7 6 5 4 3 2 1 0

When this port is read from or written to, the light pen latch is cleared.
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(Mist Registers) Light Pen Set

Memory Address IFDC I/O Address 3DC

Reserved

7 6 5 4 3 2 10

When this port is read from or written to, the light pen latch is set.

(Auxiliary Registers) Auxiliary Index

Memory Address 1FDE I/O Address 3DE

D7

D6

B
E
0
&
0

s
F
0

E?G=
3b
5:. -
> Aux. register index 3:0

7 6 5 4 3 2 1 0

A read from the auxiliary index register clears the trap flip-flop and returns the TRAP
output to its inactive state. The CRTC FIFO overflow flag is also reset and the FIFO is
prepared for reads. Software must wait for 3 BUSCLK cycles (210 nS at 14.3 18 MHz)
before reading the FIFO.

(R): Trap Flip-Flop: If the ATHENA caused a trap interrupt then D7=1. This bit will only
be 1 for the first read after a trap interrupt. Reading the auxiliary Index register clears this
flag and returns the TRAP output to its inactive state.

(R): CRTC FIFO Not Empty: If a CRTC emulation trap condition occurred and the CRTC
FIFO is not empty then reading D6 returns 1. This flag is cleared by reading all data from
the CRTC FIFO.

(W): FIFO Reset: Writing a 1 to D6 will reset the CRTC FIFO register and overflow flag.
A 0 must be written to D6 before the FIFO can be used again.
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Auxiliary Index (continued) (Auxiliary Registers)

D5 (R). CRTC FIFO Overflow: If more than 4 writes occurred to CRTC registers since the
last trap interrupt service (the CRTC emulation FIFO has overflowed) then D5=1. This bit
will only be 1 for the first read after a trap interrupt. Reading the auxiliary Index register
clears this flag.

D4 (R). Miscellaneous Trap Flag: If D4=1, a trap was generated which was not a CRTC
emulation trap. This indicates that one of the bits in the trap flag register is set.

D3-DO (R/W). Auxiliary Register Index: Bits D3-DO of this register select which auxiliary
register is to be accessed at port 3DFh.

Mode Control (Auxiliary Registers)

Memory Address 1FDF Read 3DF Index 00

D7

D6

D5

D4

D3

Mode control
to

I

7 6 5 4 3 2 10

Analog Monitor Disable: When D7=0, the analog monitor synchronous drivers are
enabled. If D7=1 then the analog monitor drivers are disabled. The drivers are also
disabled if port 3C2h,  D4=1.

TTL  Monitor Disable: When D6=0, the TTL monitor drivers are enabled. If D6=1 then
the TTL monitor drivers are disabled.

Sequencer Speed: D5=0 selects sequencer cycles with high CPU interleave. High CPU
interleave is usually selected with sequencer clocks of less than 30 MHz. Higher
sequencer clock frequencies require D5=1 to select low interleave cycles which meet the
DRAM timing specifications. Halt the sequencer by a synchronous or asynchronous reset
before changing this bit.

CRTC 14-Bit Address Select: If D4=0 then the CRTC start address, cursor address, and
light pen registers and address counter are 16-bit. If D4=1 then the most significant 2 bits
of the registers and counter are forced to 0. This is used for 6845 CRTC emulation.

CRTC Light Pen Read Select: D3=0 causes the vertical retrace start and end registers to
be read at CRTC register addresses 10h and 11 h. D3=1 causes the light pen registers to be
read at those addresses.
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(Auxiliary Registers) Mode Control (continued)

D2 CRTC Select: The VGA CRTC is used when D2=0 and the EGA CRTC is used when
D2=1.

D&DO Mode Control 1 and 0: These bits select which display adapter the ATHENA is to
emulate. They determine which registers may be accessed and which hardware emulation
functions are enabled. Halt the sequencer by a synchronous or asynchronous reset before
changing these bits.

DO

0

1
0
1 MDA/Hercules

(Auxiliary Registers) Extended Function

Memory Address 1FDF 110 Address 3DF Index 01

D7

D6

7 6 5 4 3 2 1 0

Test Enable: For normal operation, D7=0. To enable test functions, D7=1. When test
functions are enabled, auxiliary register 4 (general storage) can be used to control ATHENA’s
hardware test functions.

BUSCLK Clock Select: Port 3C2h  is used to select the clock source. Halt the sequencer
by a synchronous or asynchronous reset before changing this bit. The state of D6 affects
the clock input selection as follows:

3C2h D6=0 D6=1

D3,D2

00 CLKINO CLKINl+Z

01 CLKINl CLKIN3
10 CLKIN2 CLKIN2
11 B U S C L K  CLKINl _

D5 Display Panel Enable: The ENABLE output (pin 70) is controlled by this bit, and is used
to enable the display panel. The state of the ENABLE pin is the same as D5.
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Extended Function (continued) . (Auxiliary Registers)

D2

D l

DO

,-/

D4 FlexFont  Enable: Normal text mode font selection is in effect when D4=0.  When D4=1,
attribute bits D6-D4 are used to select from one of eight simultaneously displayable fonts.
The background color bits are disabled (forced low), attribute bit D7 (intensity/blink) still has
effect, and D3 is not used for font selection.

D3 HR256 Select: When this bit is high, the required hardware functions are enabled to
permit a high resolution, 256 color, display mode. This function is enabled only when in
VGA mode on a CRT display. Halt the sequencer by a synchronous or asynchronous reset
before changing this bit.

CPU Al6 Select: When high, CPU page select bit 0 (DO) is replaced by address bit A16.
This allows the use of a 128K  memory map (AOOOO-BFFFFh)  so that the CPU can access
2 pages in VGA 256 color mode without page switching.

Simultaneous Write Enable: When the 512 KB memory option is selected internal DRAM
address bit 16 selects one of /CASO or /CAS 1 to go active during a memory cycle. During
a CPU write cycle both /CASO and /CAS 1 will go active if the simultaneous write enable
bit is high. This is required in alphanumeric modes where multiple pages are desired. The
character font must be loaded into both banks of plane 2 DRAM so that characters are
displayed properly when ASCII and atribute  data are taken from the upper DRAM bank.

Extended Page Enable: When this bit is 0 display memory in 13h is limited to l/4 of the
installed DRAM. This gives full compatibility with the IBM VGA. Multiple display
pages are available when this bit is 1. If D3 of this register (high resolution select) is 1
then the extended page enable should also be 1.

The extended page enable bit only affects CPU cycle addressing if D3 of sequencer
register 4 (Chain 4) is 1. If DO is 0 then A0 and Al of the DRAM address are forced low.
If DO is 1 then page page select bits 1 and 0 of the auxiliary register 9 are used for the low
DRAM address bits.

If D3 (high resolution select) of auxiliary register 1 is 0, then DO affects CRT cycle
addressing. If bit D6 (double word mode) of CRTC register 14h is 1, and DO is 0, then
both Al and A0 are 0 and the display wraps in the same way as the IBM VGA. If DO is 1,
then the high CRTC counter bits replace A0 and Al so that more memory may be
accessed for high resolution displays.
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(Auxiliary Registers) Emulation Control

Memory Address 1FDF l/O Address 3DF Index 0 2 -

D7

D6

D5

D4

D3

0
I I I I I I I I

7 6 5 4 3 2 1 0

This register determines the degree of hardware emulation desired and also provides
functions required for software emulation.

VGA/EGA CRTC Register Mask

w 0: Allows access to all VGA/EGA CRTC registers.

. 1: Prevents access to CRTC registers for which traps are enabled by D4 and D5 of the
trap control register.

CRTC Offset Register LSB: This bit is used to achieve odd CRTC offset register values
so that full software-aided emulation of the 6845 CRTC is possible. It should be enabled,
D6= 1, at all times.

CGA/Hercules Blanking Enable

9 0: Forces the display to be enabled in CGA and Hercules modes. This overrides the
display enable bits in registers 3B8h  and 3D8h so that the display will not flicker
during scrolling.

. 1: Allows registers 3B8h (Hercules mode) and 3D8h (CGA mode) to control the
display if hardware emulation is enabled.

CGA Hardware Palette Disable

. 0: Causes the CGA hardware palette to be used in CGA mode if D2=0.

. 1: Allows the use of the attributes controller palette and enables extra trap conditions to
aid in emulation of CGA register 3D9h.  This allows flexibility in the way CGA colors
are displayed so that various monitors can be used.

CGA Overscan Disable

. 0: Causes the overscan  (border) color to be taken from CGA register 3D9h as required
in CGA mode if D2=0.

9 1: Forces the overscan  color to be taken from the attributes controller overscan  register.
This allows software control of the overscan. The overscan  must be forced to black on
monitors which are not blanked during retrace.
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Emulation Control (continued) (Auxiliary Registers)

D2 CGA Hardware Emulation Disable

n 0: Enables hardware emulation for CGA ports 3D8h and 3D9h.

Dl

DO

. 1: Hardware emulation is disabled so that the contents of 3D8h and 3D9h have no
effect on hardware. Extra trap conditions are enabled to permit software emulation. The
CGA overscan  and hardware palettes are also disabled.

Hercules Page 1 Access Enable

. 0: Allows Hercules port 3BFh to control CPU access to Hercules memory page 1
(B8000-BFFFFh)  if DO=O.

. 1: Enables CPU access to memory page 1 when in Hercules mode. This allows
software to control emulation of Hercules port 3BFh.

Hercules Hardware Emulation Disable

. 0: Enables hardware emulation for Hercules ports 3B8h and 3BFh.

n 1: Hardware emulation is disabled so that the contents of 3B8h  and 3BFh have no
effect on hardware. Extra trap conditions are enabled to permit software emulation.

Trap Control (Auxiliary Registers)

Memory Address 1FDF I/O Address 3DF Index 0 3

D7 VGA Register Mask

7 6 5 4 3 2 1 0

This register determines which conditions cause a trap interrupt (NMI) and also controls
access to the VGA CRTC registers and CRTC emulation FIFO.

. 0: Allows access to VGA registers in the 3CO-3CFh.  This bit is used by emulation
software when it must alter the VGA registers. Power-up default is D7=0.

n 1: Causes the VGA registers in the 3CO-3CFh  range to be masked from CPU access.

Cursor Trap Enable

. 0: Trap disabled (power-up default)

9 1: Enables traps on writes to cursor locations.
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(Auxiliary Registers) Trap Control (continued)

D5 CRTC Extended Trap Enable

n 1: Enables traps and FIFO writes for CRTC registers OC-OFh.

CRTC Emulation Trap EnableD4

. 1: Enables trap interrupts on writes to CRTC registers OOh-OBh and lOh-18h.  Writes to
the CRTC emulation FIFO are also enabled. This is used for software-aided emulation
of the 6845, VGA, or EGA CRTC’s.  See the trap conditions described elsewhere.

D3 CRTC Mode Switch Trap Enable

n 1: Enables trap interrupts to CRTC ports which might indicate that an automatic mode
switch is required. The CRTC Index register can be accessed at port addresses in the
3BXh and 3DXh ranges. See the trap conditions described elsewhere.

D2 Hercules Trap Enable

n 1: Enables trap interrupts on writes to Hercules ports. CPU access to Hercules ports
3B8h  and 3BFh is also enabled. See the trap conditions described elsewhere.

Dl CGA Trap Enable

n 1: Enables trap interrupts on writes to CGA ports. CPU access to CGA ports 3D8h and
3D9h  is also enabled. See the trap conditions described elsewhere.

DO . 1: Enables trap interrupts on writes to ports in the 3COh-3CFh addresss range. Refer to
the trap conditions described elsewhere.
Enabling the traps does not enable CPU access to the registers. The VGA registers must
be unmasked (see D7) before the CPU can access the registers.

__ _
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General Storage

Memory Address 1FDF I/O Address 3DF

(Auxiliary Registers)

Index 04

D7-DO

7 6 5 4 3 2 1 0

General Storage and Test Control

This register is normally used for flag storage by the BIOS software. When D7 of the
extended function register (test enable) is high, these bits control ATHENA’s test
functions. Some of the input and output pins can be selected to drive or monitor internal
signals of the ATHENA for testing.

Test inputs are enabled when D2 is high and D7 of auxiliary register 1 is high. Bits DO
and Dl are used to select which internal signals are to be driven:

Input Pin

MONSO

MONS 1

FEAT0

FEAT1

PANEL

LPENSW

UP

.  D O W N

Dl,DO=OO

TMSYNC

TMREFSH

ITMDREN

TMVDE

Dl,DO=Ol

TMAMUX

TMBMUX

/TMDREN

TMCRT

TMCAL

TMCCLK

Dl.DO=lO

TMAMUX

TMBMUX

/TMDREN

/TMCPUL

mCRTL

TMHRHLT
f/TMDREN=l)

Dl,DO=ll

TMDE

TMBLANK

TMCURSR

TMUNLIN

TMPVRTC

TMLCV
!

/TMTOP TMLCVBT

TMDEBT

Test outputs are enabled when D5 is high and D7 of auxiliary register 1 is high. Bits D3
and D4 are used to select which internal signals are available at the outputs:

Output Pin D4,03=00

FCO ISQATLD

FCl ISQCCLK

VDRIVE SQAMUX

ADRIVE SQBMUX

ENABLE SQCRT

IRQ SQCAL

TRAP SQCRA2

D4,03=01

SQCRTLO

SQCRTLl

SQCRTL2

ISQQRST

/SQCPUL

ISQGSL

ISQDREN

D4,03=10 D4,03=11

CRlSYNC CRlSYNC

CR8RFSH CR8RFSH

CR’ICRSR CR7BCRSR

CR7UNLN CR7BUNLN

CRlHDE CRlHDE

CR4DE CR4DE

CRSLCV CRSBLCV
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(Auxiliary Registers) Trap Flag

Memory Address 1FDF I/O Address 3DF Index 0 5 -

D6

D5

D4

D3

D2

Dl

DO

7 6 5 4 3 2 1 0

The conditions which cause a trap interrupt (NMI) are described in detail in the section on
Trap Interrupts.

Hercules Port 3BFh Write: When Hercules trap conditions 2 or 5 are met then D6 is set.
The trap conditions are described in another section.

Hercules Port 3B8h Write: When Hercules trap conditions 1, 3, or 4 are met then D5 is
set. The trap conditions are described in another section.

CGA Port 3D9h  Write: When CGA trap conditions 2 or 5 are met then D4 is set. The trap
conditions are described in another section.

CGA Port 3D8h  Write: When CGA trap conditions 1, 3,4, or 6 are met then D3 is set.
The trap conditions are described in another section.

VGA/EGA Port Write: This bit is set if VGA/EGA trap condition 1 occurred. The trap
conditions are described in another section.

CRTC 3DXh Port Write: This bit is set if a CRTC mode switch or CRTC emulation trap
condition occurred at port addresses 3DOh to 3D7h.

CRTC 3BXh Port Write: This bit is set if a CRTC mode switch or CRTC emulation trap
condition occurred at CRTC port addresses 3BOh to 3B7h.

-

-
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CRTC FIFO Read (Auxiliary Registers)

Memory Address 1FDF I/O Address 3DF Index 0 6

CRT FIFO 7-O
I I

7 6 5 4 3 2 1 0

This register is used to read the CRTC emulation FIFO. When D6 of the auxiliary Index
register is 1 then data is available in the FIFO. The FIFO is eight bytes in length.

The first read after a trap interrupt will return the data which was written to the CRTC and
the second read returns the index in D4-DO (D7-D5 are 0). Successive reads will
alternately return data and then index. Up to four data/index pairs are available from the
FIFO. When the FIFO is empty then the data returned will be random. Bit D6 of the
auxiliary index register will become 0 when the FIFO is empty.

Auxiliary Input Register 1 (Auxiliary Registers)

Memory Address 1FDF I/O Address 3DF Index 07

zz
Monitor %
sense I:0 2

171615

a, Aux. DIP switch 49

D7-D6

D4

D3-DO

Monitor Sense Input 1-O: These bits are always read as 00.

Panel/CRT Input: This bit is always read as 0.

Auxiliary Dip Switch l-4: These bits are always read as 0000.
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(Auxiliary Registers) Auxiliary Input Register 2

Memory Address 1FDF I/O Address 3DF

Memory
Rev. code 2:0 conf. I:0 DTYPE input 2:0
//I

Index 0 8

7 6 5 4 3 2 10

D7-D5

D4-D3

D2-DO

Revision Code 2-O: These bits are the chip revision code.

Memory Configuration: These bits are always read as 00.

Display Type Inputs 2-O: These bits are always read as 111.

(Auxiliary Registers) CPU Page Select

Memory Address 1FDF I/O Address 3DF Index 09

D3-DO

Reserved CPU page select 3:0
II I

7 6 5 4 3 2 10
-

CPU Page Select 3-O: Up to 16 pages of memory are available in the 320 x 200 pixel, 256
color, graphics mode of the VGA. When in this mode these four bits select which 64K
page the CPU can access. These bits take effect when one of either D3 of the extended
function register 1, or D6 of graphics controller register 5 is high.
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CRTC Extended Address (Auxiliary Registers)

Memory Address 1FDF I/O Address 3DF Index O A

D7

D6

D5

D4

7 6 5 4 3 2 1 0

IRQ Disable: When D7=1 the IRQ output is prevented from going to the active state. This
gives compatibility with the ISA bus version of the IBM VGA.

DIP Switch Latch Enable: When D6 is high the DIP switch inputs (located in auxiliary
register 07) are latched on the rising edge of the sequencer reset bit.

When D6 is low the DIP switch input values are not disturbed by subsequent sequencer
resets.

(R). Auxiliary Clock Status: This bit is always read as 1.

CRTC Extended Address Enable: When D4 is low, the DRAM address bits 17 and 16 are
low and only 256 KB of memory can be accessed. This is used to achieve full EGA and
VGA compatibility when extended memory configurations are selected.

When D4 is high H-bit addressing is enabled. Bits D2 and D3 of auxiliary register 9 form
the high address bits on CPU accesses to DRAM. The CRTC address counter is extended
to 18 bits to allow the display of any area of memory.

D3-D2

Dl-DO

CRTC Cursor Address Bits 17,16: These are the most significant bits of the cursor
address register when N-bit CRTC addressing is used for expanded memory access.

CRTC Start Address Bits 17,16: These are the most significant bits of the start address
register when 1 &bit CRTC addressing is used for expanded memory access.
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(Auxiliary Registers) 32K Video RAM Page Select

Memory Address 1FDF 110 Address 3DF

Auxiliary window disable
Reserved 32K page select 4:0

Index Oc

7 6 5 4 3 2 10

D7 Auxiliary Window Disable

n 0: Enables the second video RAM window.

. 1: Disables the second video RAM window.

D4-DO 32K Page Select Bits 4-O: Up to 16 pages of memory are available in the 320 x 200 pixel,
256 color, graphics mode of the VGA for the second video RAM window. When in this
mode these four bits select which 64K page the CPU can access. These bits take effect
when D7 of this register is low and one of either D3 of the extended function register 1,
or D6 of graphics controller register 05 is high.

(Auxiliary Registers) Interlace Support

Memory Address 1FDF l/O Address 3DF Index OD -

D7

CRTC address 9:6/
Interlace Inversion

r

7 6 5 4 3 2 10

HR16 Color: When this bit is high, and the HR256 mode is enabled, the sequencer runs in
HR16 (high resolution, 16 color) mode while the attributes controller and the graphics
controller run at twice the clock speed of the sequencer. Note that all horizontal values in
the CRT controller are divided by two and that byte pan pans by 16 pixels instead of 8 in
all VGA 16 color planer modes.

n When D7 is low this mode is disabled.

-

5-l 16 Chapter 5: Register Descriptions MGA ATHENA Specification Matrox Confidential



Interlace Support (continued) (Auxiliary Registers)

D6 Interlace Enable

n 0: The interlace mode is disabled.

D5 3C2 Extended Port Select

D4

. 1: This bit enables the interlace mode. In this mode CRTC counter address bits (6 to 9)
are inverted every other vertical frame and the VRTC signal is delayed for one half of a
horizontal line every other vertical frame. The VRTC signal is delayed on the opposite
frame to the address being inverted. To use this mode select the CRTC address bits to
be inverted and set the Interlace Enable bit. CRTC register 06, DO, inverts every other
frame to give an odd total of lines for every two frames. The value in this register must
be even in interlace mode and the logical horizontal line size must be double the
display size.

. 0: /EXPWR  responds to I/O writes at address 3CBh as well as 3CDh.

n 1: Allows the LEXPWR  signal to respond to I/O writes at address 3C2h

Sequential Video RAM Access

9 0: Video data is stored one byte every four sequencer cycles.

n 1: This bit enables the HR256 sequencer cycles to store video data sequentially  in
video RAM. This supports a 16 color planer memory map.

D3-DO CRTC Address Bits 9 to 6/interlace  Inversion
These four bits are CRTC high address bits 9 through 6 and are only valid in interlace
mode. Normally only one bit is selected. The following table shows the relationship
between the bit selected, and the address and mode selected.

MODE

16Color 1 HR16 1 HR256
I

A6 512 1024 512

A7 1024 2048 1024

A8 2048 2048

A9 4096 4096
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(Auxiliary Registers) Vertical Sync Adjust

Memory Address 1FDF I/O Address 3DF

Counter Value 7-O

Index O E

7 6 5 4 3 2 1 0

D7-DO Counter Value Bits 7 to 0: This register provides a vertical sync timing adjustment for
interlaced displays (interlace vertical retrace only). The value of these bits are compared
to the horizontal count every other frame to provide a corrected vertical sync position. A
value of zero in this register causes the horizontal total to be divided in half.

(Configuration) Video Subsystem Access/Setup Enable

Memory Address I/O Address 46E8

D3

D4

I------
Video Subsystem Setup

1 Video Subsystem Enable

Reserved Reserved

7 6 5 4 3 2 1 o

This register is only activated when ATHENA is reset with VGA enabled (refer to the
vgaen strap description in Section 3.6.3 for more details).

Video Subsystem Enable.

. 0: Disables the video subsystem

. 1: Enables the video subsystem

Video Subsystem Setup.

. 0: Disables access to I/O address 102

. 1: Enables access to I/O address 102

-
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Video Subsvstem Enable (Configuration)

Memory Address I/O Address 102

Reserved
Video Subsystem Enable

I

7 6 5 4 3 2 10

DO

This register is only activated when ATHENA is reset with VGA enabled (refer to the
VGAEN strap description in Section 3.6.3 for more details).

Video Subsystem Enable.

9 0: Disables the video subsystem

n 1: Enables the video subsystem
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Chapter 6: Hardware Interface

This chapter explains the hardware interface of the ATHENA chip. It
describes both the input from the host PCI and ISA interfaces and the
output, which can be channeled directly to the RAMDAC and VRAM, or
through a multiplexer or DUBIC chip (if either are present).



6.1 Introduction

The ATHENA chip has been designed in such a way as to minimize the amount of external logic required
to implement a board. It includes:

. A direct interface to the ISA bus. In this case, the bus can be driven exclusively by means of buffers.

n A direct interface to the PC1 bus, including a dedicated bus for external devices (this avoids the
requirement for a buffer on the data bus).

9 The PC1 interface can be used to interface to any 32-bit bus, with glue logic.

n All necessary support for external devices, such as ROM, the Matrox DUBIC chip, RAMDACs, as
well as an expansion decode strobe. These devices can be interfaced without the need for glue logic.

. A ‘No DUBIC’ operation mode which eliminates the need for a DUBIC chip to drive the video data.

. A ‘No MUX’ operation mode which eliminates the need for an external multiplexer in ‘No DUBIC’
mode.

. A direct connection to the VRAM.

6.2 Host Interface

6.2.1 PCI Interface

The PC1 Interface block diagram (Figure 6-l) shows how to connect ATHENA to the PC1 bus, as well  as
to the local resources.

-

6.2.1 .I PCI Bus Operation

Command Decoding

The following cycles on the PC1 bus will perform the operations specified below on the ATHENA chip
(when decoding recognizes the access):

1C/BEc3:0~

0000
0001

0010

0011

0100

0101

0110

0111

1000

1001

1010

1011

1100

1101

1110

1111

Command Type

Interrupt acknowledge

Special cycle

I/O read

I/O write

Reserved

Reserved

Memory read

Memory write

Reserved

Reserved

Configuration read

Configuration write

Memory read multiple

Dual address cycle

Memory read line

Memory write and invalidate

Operation

None

None

I/O read

I/O write

None

None

Memory read

Memory write

None

None

Configuration register read

Configuration register write

Memory read

None

Memory read

Memory write

-
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Figure 6-1: PC1 Interface
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DEVSEL

Because ATHENA is a medium-speed device, it will respond to DEVSEL in the second clock after
FRAME/ is asserted.

Disconnect and Retry

Disconnect and retry are used in order to minimize the latency time on the bus. Refer to Section 6.2.1.2
for more information about when the disconnect and retry are used.

Burst Mode

Since ATHENA supports burst mode, address generation must be a counter. Because a 5-bit counter is
employed, a disconnect will be generated every 32 dwords.

AI A0 Burst Order

0 0 Linear incrementing (disconnect at every 32 dword boundary)

0 1 Disconnect after each transfer

1 X Disconnect after each transfer

Configuration Access

During a configuration access, Acl :O> have a different function than normal - they indicate if the access
is Type 0 or 1. ATHENA responds only to Type 0 accesses, since it is a device on the PC1 bus.

Al A0 Access Type

0 0 ATHENA access when idsel is asserted

0 1 Configuration access to another PC1  bus (bridge)

1 X Reserved

Snooping

ATHENA can perform snooping under the following two conditions:

1. When the VGA RAMDAC snooping bit is active.

2. When the 46E8 enabling feature is activated.

This cycle operates in two different ways:

n If there is no room in the input buffer then ATHENA takes control of the bus and a retry cycle is
performed.

m If there is room in the input buffer then the data will be loaded when the data transfer occurs on the
PC1 bus.

Under normal conditions, only a subtractive agent will respond to the access. In this case, the snoop
mechanism will function correctly. For other than normal conditions:

g If there is another device on the PC1 bus that responds to this mapping, or if another device is
performing the snoop mechanism with retry capabilities, then this will result in contention on the
PC1 bus.

m Burst mode is not supported in the snooping area. This is not supposed to append since bridges are
not allowed to ‘burst’ consecutive I/O accesses, and CPUs do not perform burst on I/O accesses.

n If another device on the PC1 bus performed the shortest cycle, then ATHENA will not be able to get
the data, but the state machine will be able to recover.
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6.2.1.2 PCI Cycles

The following resources are accessible to the PC1 interface:

. Configuration register writing

n Input buffer writing to:

0 I./o

0 VGA frame buffer

0 Power Graphic mode memory space

. Configuration register reading

. Output buffer reading:

0 Power Grapic mode memory space (and pseudo DMA range when enabled)

. Direct reading from:

0 I/o

0 VGA frame buffer

0 Power Grapic mode memory space (except pseudo DMA range when enabled)

Q EPROM

Configuration Register Writing

These cycles will be of fixed length as far as ATHENA is concerned (no wait states are added by the
master). To avoid burst, a disconnect cycle is performed when TRDYN is asserted.

Input Buffer Writing

This cycle operates under the following parameters:

. If there is room in the input buffer, the cycle is of fixed length.

n If there is no room in the input buffer, a retry cycle is performed.

n A retry cycle is performed when a 32 dword boundary is passed.

n A disconnect cycle is performed when TRDYN is asserted, to avoid burst during I/O access.

Configuration Register Reading

These cycles will be of fixed length as far as ATHENA is concerned (no wait states are added by the
master). A disconnect cycle is performed when TRDY/  is asserted, to avoid burst.

Output Buffer Reading

This cycle operates under the following parameters:

n If there is data in the input buffer, then a retry cycle of fixed length is performed.

. If there is data in the output buffer, then the cycle is of fixed length.

9 If there is no data in the output buffer, then a retry cycle of fixed length is performed.
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Direct Read

This cycle operates under the following parameters:

9 If there is data in the input buffer, then a retry cycle of fixed length is performed.

. If there is no data in the input buffer, then wait states are generated until ATHENA acknowledges
the access. A disconnect cycle is performed when TRDYI is asserted, to avoid burst.

6.2.1.3 Bus Sizing

The PC1 bus does not support bus sizing. However, internal circuitry performs the bus sizing for the
following devices: EPROM, I/O accesses, VGA register space in 16K windows (offset 1FOOh  - lFFFh),
and the VGA frame buffer.

When bus sizing is performed in the PC1 interface, the access is performed in LSB/MSB  order.

6.2.1.4 External Devices

The standard external devices can be connected to the ATHENA as shown in Figure 6-l.

When only the EPROM and RAMDAC are present, the decoder (138) is not required. If the DUBIC or
another external device is required, then the decoder must be added to the design.

When accessing the ‘external devices’ memory space (offset 3COOh-3FFCh),  all devices within this
memory space are 8-bit, connected to byte 0 in the double-word address boundary. Byte, word and
double-word accesses are allowed, but only byte0 is valid. Byte3,2,  and 1 are masked by ATHENA.

You can add other devices by using the EXPSL/  signal and external circuitry. Refer to Table 4-4
(‘ATHENA Power Graphic Mode Memory Mapping’) and the expdev bit of the CONFIG register
description (which starts on page 5-52) for details about EXPSW.

+ Note: In the PC1 configuration, the EXPSL/ signal is never activated with I/O commands.

The RAMDAC can be accessed by ATHENA in two distinct ways: in VGA mode by an I/O access, or in
Power Graphic mode by a memory access. For I/O access to the RAMDAC, the ATHENA chip
guarantees the recovery time between accesses to the palette that are required by some RAMDACs.  This
is guaranteed for pixel clocks that are greater than 10 MHz. For memory access to the RAMDAC,
ATHENA does not guarantee the recovery time. In this case, the recovery time must be guaranteed by
software.
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6.2.2 ISA Interface

The ISA interface block diagram (Figure 6-2) shows how to connect ATHENA to the ISA bus, as well as
to the local resources.

6.2.2.1 Bus Sizing

Since bus sizing is supported in ISA systems, there are only two limitations:

1. The first limitation occurs when accessing the ‘vgareg’ portion of the ATHENA memory space
(offset 1FOOh - lFFFh),  with the ATHENA configured as a 16-bit device. Note that the ‘vgareg’
memory space can be accessed only in Power Graphic mode (vgaen = ‘0’).

Only byte accesses are allowed in this mapping. ATHENA will perform byte swapping from, or to,
the byte0 of the internal data bus, since all ‘vgareg’ devices are connected to byte0. If an access is
performed at an even address, the odd byte will be ignored, and if an access is performed at an odd
address, the even byte will be ignored.

2. The second limitation occurs when accessing the ‘external devices’ memory space (offset 3COOh  -
3FFCh),  in 8 or 16-bit mode. All devices in this memory space are &bit  devices connected on
ADc7:0>,  and mapped into a double word address boundary. Byte, word and double word accesses
are allowed, but only byte0 is valid. Byte3, byte2, and byte1 must be masked.
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Figure 6-2: ISA Interface
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6.2.2.2 External Devices

The standard external devices can be connected to the ATHENA as shown in Figure 6-2. Some timing
restrictions for the external address and data buffers are assumed in order for the ATHENA chip to
function properly. In addition to satisfying all ATHENA and system timings, the following constraints
must also be respected.

1. The address buffers (244 type) must have a propagation delay of 10 ns or less, and an enable time of
11 ns or less.

2. The data transceivers must be able to drive the elevated capacitive load of the system data bus, and
still guarantee a propagation delay of 10 ns or less and an enable time of 12 ns or less.

ATHENA provides the necessary control signals (HADREN/, HWRDIR, and HDATAEN<3:0>/)  for the
address and data buffers. When they are used as indicated, there is no contention on the multiplexed
address and data bus. If these signals are modified or not used at all, extreme caution must be exercised,
because the behavior of the multiplexed bus is not always obvious. During external device accesses in
particular, the address is driven by ATHENA and not by the address buffer. Refer to Section A.2.3 for
more information.

All external devices such as the RAMDAC, DUBIC, and ROM must be connected to byte 0 of the data
bus. These devices are memory mapped to be double-word aligned. Only byte 0 accesses are allowed;
accesses to other bytes will cause errors. Word and double-word accesses will cause unpredictable results.

I

You can add other devices by using the EXPSL/  signal and external circuitry. Refer to Table 4-4
(‘ATHENA Power Graphic Mode Memory Mapping’), Table 4-6 (‘I/O Mapping’), and the expdev bit of
the CONFIG register description (which starts on page 5-52) for details about EXPSL/.  Since the
EXPSW signal can be active in various memory and I./O ranges, you must take care to qualify the strobe
to limit accesses to the desired range. Specifically, EXPSW may be active in the VGA I/O space, where
only the 16 least significant address bits are decoded. Depending on how the strobe is used, it may be
necessary to qualify EXPSW with the memory or I/O command strobe to eliminate any undesired effects.

The ATHENA chip doesn’t provide any mechanism to guarantee the recovery time between accesses to
the palette that some RAMDACs  require. This constraint is often a function of the pixel clock, and can
often become significant in length.

The RAMDAC can be accessed by ATHENA in two distinct ways: in VGA mode by an I/O access, or in
Power Graphic mode by a memory access. In an ISA implementation, the I/O accesses are rarely a
problem since the ISA specification for I/O accesses is usually sufficient to guarantee the RAMDAC
constraint. In any other implementation, this parameter must be guaranteed by the hardware (through
additional circuitry, if necessary) in order to guarantee VGA software compatibility. For memory
accesses, since there is no software compatibility issue, the solution can be implemented in the software
if it isn’t guaranteed by the hardware.
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6.3 VRAM Interface
-

ATHENA connects directly to the VRAM. All addresses and control signals of the random port are
generated from ATHENA. Serial data and control lines are interfaced directly to the RAMDAC or to the
DUBIC chip.

Different memory banks can be populated in order to achieve different resolutions. In every case, the fbm
field of the OPMODE register selects a specific memory mapping. There are three major groups:

1. fbm = 000X. In this case no interleave is performed on the memory. In No DUBIC mode, the video
data is generated either using external multiplexers, or by controlling the VRAM output enable. In
DUBIC mode, only one DUBIC is required to generate the video data. These modes can support 8,
16, or 32 bits/pixel formats. This group only supports 1MB VRAM.

2. fbm = 00 1X or fbm = 1010. In these cases no interleave is performed on the memory. In No DUBIC
mode, the video data is generated either using external multiplexers, or by controlling the VRAM
output enable. In DUBIC mode, only one DUBIC is required to generate the video data. These
modes can support 8, 16, or 32 bits/pixel formats. This group supports 2MB VRAMs.

3. fbm = 0 1 XX. In these cases, interleave is performed on the memory, and two DUBICs  are required
to generate the video data. These mapping groups only support 24 or 32 bits/pixel. Refer to Section
3.2.1 for additional information on memory configuration.

l Z* Tables 6-l and 6-2 show the possible configurations in No DUBIC mode and DUBIC mode,
respectively. If a configuration is not listed, it is not supported, and can’t be used. The columns
under the resolutions represent the supported pixel depths.

Mapping Group 1 Resolution

Memory Bank 768 x 576

0 1 2 3 4 5 6 7 8 j&m 640x 480 800 x 600 1024x 768 1152 x 882 1280 x 1024 1600 x 1200

X 0000 16 16 8 8

x x 0000 32 32 16 16 8 8

000 1 162 162

Mapping Group 2 Resolution

Memory Bank 768 x 576

0 1 2 3 4 5 6 7 8 fbm 640x 480 800 x 600 1024x 768 1152 x 882 1280 x 1024 1600 x 1200

X 0010 32 32 16 16 8 8

1010 162 162

x x 0010 322 322 32/l 62 32/l 62 16 16

Table 6-1: Frame Buffer Config.  (No DUBIC Mode)

Legend:
X Bank is fully populated
0 Bank is optionally populated
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Mapping Group 1 Resolution

Memory Bank 768 x 576

0 I 2 3 4 5 6 7 8 j&m 640x 480 800x 600 1024x 768 1152 x 882 1280x 1024 1600 x 1200

,x 0 0000 16 16 8 8

x x0 0000 162 162 82 82
x x 00 0000 32 32 16 16 8 8

0001 162 162
x x x0 0000 322 322 162 162 8 8

Mapping Group 2 Resolution

Memory Bank 768 x 576

0 1 2 3 4 5 6 7 8 fbm 640x 480 800x  600 1024x 768 1152 x 882 1280x 1024 1600 x 1200

X 0 0010 32 32 16 16 8 8

1010 162 162
X x 0 0011 322 162 162

0010 32 16 8 8

xx 00 0010 322 322 32/l 62 32/l  62 16 16

xx x0 0010 322 322 32/l 62 32/l 62 16

0011 162

/ --

Mapping Group 4 Resolution

Memory Bank 768 x 576

0 1 2 3 4 5 6 7 8 j&m 640 x 480 800 x 600 1024 x 768 1152 x 882 1280 x 1024 1600 x 1200

PP x0 0 0110 242 242 242 242

xx x0 0 0110 322 322 322 322
P P P X O 0 0111 242 242 242 242 24

x x x x o 0 0111 322 322 322 322 32

P P P X O x 0111 242 242 242 242 242
x x x x o x 0111 322 322 322 322 322

Table 6-2: Frame Buffer Config. (DUBIC Mode)

Legend:

Matrox Confidential

X Bank is fulIy populated
P Bank is partially populated: VDc55:32>  and VDc23:0>
0 Bank is optionally populated
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Bank 0:

Bank 1:

Bank 2:

Bank 3:

Bank 4:

Bank 5:

Bank 6:

Bank 7:

Bank 8:

The nine memory banks are explained below:

8 x 128K x 8 VRAM. This memory is used as the frame buffer and is connected to
VD<63:0>.

8 x 128K x 8 VRAM. This memory is used as the frame buffer and is connected to
VD<63:0>.  This bank can also be used as a Z depth buffer when fbm = 1.

8 or 6 x 256K x 8 VRAM. This memory is used as the frame buffer. In the fbm = 2,3
configurations, eight chips are used, connected to VD<63:0>.  In the fbm = 4,5,6,  and 7
configurations, six or eight chips are used. The six-chip configuration is for 24 bits/pixel,
and the chips are connected to VD<55:32>  and VD<23:0>.

8 or 6 x 256K x 8 VRAM. This memory is used as the frame buffer. In the fbm = 2,3
configurations, eight chips are used, connected to VDc63:0>.  In the fbm = 4,5,6,  and 7
configurations, six or eight chips are used. The six-chip configuration is for 24 bits/pixel,
and the chips are connected to VD<55:32>  and VD<23:0>.  This bank can also be used as
a Z depth buffer when fbm = 2 and fbm = 3.

8 or 6 x 256K x 8 VRAM. This memory is used as the frame buffer. The eight chip
configuration is used for 32 bits/pixel, and the chips are connected to VD<63:0>.  The six
chip configuration is used for 24 bits/pixel, and the chips are connected to VD<55:32>
and VD<23:0>.

4 x 256K x 16 DRAM. This bank is used as off-screen memory or as a depth buffer. Bank
5 is connected to VD<63:0>.

1 x 256K x 4 VRAM. This memory is used as the ZTAG. It is connected to ZTAG<3:0>.

1 x 64K x 16 DRAM. This memory is used to fill up the VRAM Data bus to 64 bits for
configurations where only 24 bits are supported. This allows some offscreen areas to be
used for font storage. This bank is connected to VD<63:56>  and VD<3 1:24>.

4 x 256(64)K  x 16 DRAM. This memory is used as off-screen memory or as a depth
buffer. Bank 8 is connected to VDc63:0>.

6.3.1 Memory Interleave

In order to have enough bandwidth for 1280 x 1024 x 24 bits, some modes use interleave schemes to
address the frame buffer. The memory interleave is selected when fbm = 01xX. Interleave is performed
only in the VRAM (Banks 2, 3, and 4). The interleave is done on a four-slice basis, which means that
four consecutive slices are put in one bank, then the next four slices are put in the other bank and so on.
This four-slice scheme was chosen to make block mode operations easier.

For example, at the beginning of the frame buffer in 32 bits/pixel, the pixels are arranged as follows
between the two banks:
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For fbm = 4 and 6, Banks A and B are assigned as follows:

For fbm = 5 and 7, Banks A and B are assigned as follows:

Address Bank

(Bytes) A B

OOOOOh-  1 FFFFFh 2 4

2OOOOh-3FFFFFh 2 3

4OOOOh-5FFFFFh 4 3

6.3.2 Patch RAM

The patch RAM is an optional device. Since for fbm = 01xX only 24(32) bits/pixel are supported, there’s
no need to populate the complete 64 bit data bus. However, offscreen memory can be used for font
caching, patterns, and so on. Since the offscreen area accesses must be 64 bits, and the unused display
bits are not contiguous, the patch RAM ‘patches up the gaps’ to support 64-bit data in the offscreen
memory while the display area is only populated for 24 bits/pixel.

Since the patch RAM isn’t used for video, normal DRAM can be used. Refer to Section 3.2.1 ‘Memory
Configurations’ for more information about where the patch RAM is mapped.

If Banks 2,3 and 4 are fully populated, the patch RAM can’t be used. Also, if DRAM is added to the
system, the patch RAM may not be required, since some offscreen space will be available.

6.3.3 ZTAG RAM

ZTAG RAM is another optional device. The purpose of the ZTAG is to accelerate clearing of the depth
buffer during animation. Since the depth buffer can be implemented in DRAM, and the ZTAG is in
VRAM, the ZTAG can be cleared four times faster than the DRAM (using block mode).

Here are the principles of ZTAG use:

. A bit is assigned in ZTAG for each pixel in the Z buffer

9 The ZTAG bit indicates whether or not the value in the Z buffer is valid

n The ZTAG is cleared (rather than the depth buffer)

. Each time a pixel is updated, the ZTAG is set

. When the Z buffer is invalid, depth comparision  is done by means of an internal background depth
value.

Since the ZTAG uses a separate pin on the ATHENA chip, it can be updated in parallel with the frame
buffer when 16 bits/pixel is selected. The ZTAG is optional, since it can be disabled in ATHENA.

6.3.4 MCTLWTST Register Timings

/--
The MCTLWTST (Memory Control Wait State) register is described in detail in Chapter 5. The
following figures show the various cycles that are generated by the drawing engine. At the top of each
timing diagram, the field of MCTLWTST that specifies the length of this state is shown.
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MCTL-WR ~DFLT

GCLK

RASN

CASN

WN

VA

DSFN

OEN

DQ-WR

DQ-RD

RC-HD
-

/m-J \ / \ / L--m- f-

\ /

'-K READ H, WRITE L/ &D H, WR L/

X

x WAIT XR SU XR HD xc su XC HD XR PR X D F L T

\ /

BD L, WR w

( X

Figure 6-4: MCTLWTST for Direct Access Cycle

l :a During a direct read access, a state is added between RC-HD and R-PR, using the MCTLWTST
wait field. This state has the same effect as the R-PR field on VRAM signals.

MCTL-WR  1 DFLT x WAIT x R SU x R HD x C SU x C HD x R PR x DFLT

CASN

WN

V A  I \

DSFN /

OEN

DQ-WR

/

SPLIT H, NORMAL L \

/

DQ-RD

Figure 6-5:  MCTLWTST for Data Transfer Cycle

-
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_--- -
MCTL-WR r DFLTX R SUXR HDX c SUX C HDX C SUXC HDXR PRXDFLTX R SUXR HDXC  SU-xc HDX-WI

RC-HD RC-HD RC-HD R:

GCLK

RASN

CASN

WNU RfJ H, W@ L R4 H, W$ L

VA w

DSFN / WRITE BLOCK H, OTHERS L \ WRITE/BLOCK H,~~_o_T-~ER:~.--

OEN Rb L, Wb H Rb L, WJ% H \RD L,JwR

DQ-WR

DQ-RD I

Figure 6-6:MCTLWTST for Page Write and Page Read Cycle

MCTL-WR '-
___ ___-. --~ -.

DFLT x C SU )( C HD x R HD x -C SU x C HD x R PR x DFLT 1

GCLK / \ / \ / \ / \ / \ / \ / \ / \ /

RASN

CASN

WN

VA

DSFN

OEN

/ RESET REFRESH L~ -- ----L---. O T H E R S  H \- . .~- .___--.-- .~ ~ - - ~~ ~~- -

DQ-WR

DQ-RD

Figure 6-7: MCTLWTST for Refresh Cycle
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MCTL-WR

GCLK

RASN

CASN

WN

VA

DSFN

OEN

DQ-WR

DQ-RD

MCTL-WR

:DFir&? SU& HD XC SUXRC HIb$WT Ek SUXC HD XC SU&C H$,SWT &2 SUk HD XR PRXDFLTX --
L-P L-P

Figure 6-8: Page Read-Modify-Write/Anti-aliasing Cycle

DFL%R StiZR m S%IR xjrr SbRC &~~A@wT>$c  $JC H$k s@z H)$C sgc H)$R P#DFL~

- 7 - r

GCLKr\

FWSN-Z

CASN-Z

RASN-I

CASN-I

WN

VA

DSFN

OEN

DQ-WR

DQ-RD

\ /

Figure 6-9: MCTLWTST for Page 21 Cycles

-
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6.3.5 VRAM Interconnect

Two operation modes are supported (No DUBIC mode, and DUBIC mode).

In DUBIC mode, the ATHENA chip works in conjunction with the MGA DUBIC chip to control the
VRAM and RAMDAC. All memory configurations are supported. This mode offers more flexibility, but
is slightly less economical due to the requirement of the DUBIC chip.

In No DUBIC mode, the ATHENA chip directly controls the VRAM and RAMDAC, so there is no need
for a DUBIC chip. Note that only Banks 0 to 3 can be populated. While this mode permits a smaller
number of configurations, the possibility of memory conflict is reduced.

In both cases, the random port of the VRAM is interconnected the same way. The only difference is that
since No DUBIC supports a smaller number of configurations, less control signals are available. In No
DUBIC mode, only RAScl :O>/, CA%1 :O>/, and OE<l  :O>/ are generated by ATHENA.

VAA<l3:0> The address connection between the ATHENA and the VRAM depends on the Bank, the
VAB<6:0> fbm, and the location of the VGA. The following tables show the different possibilities.

Whenever possible, it would be preferable to attempt to distribute the load evenly
between every address (if 16 memory chips require Bit 6 of the VAA and VAB buses,
attach eight bits to VAA<6> and eight bits to VAB<6> to equalize the load).

,

Legend: * 1 When ‘Y ‘, the VGA frame buffer is implemented in this bank. When ‘N’, the VGA
frame buffer is not implemented in this bank.

*2 For all addresses, ‘A’ indicates a signal on the VAA bus, ‘B’ indicates a signal on
the VAB bus, and no letter indicates a signal on either bus.

*3 For Banks 0 to 4, address ordering is very important and should be respected. For Banks
5,7, and 8, address ordering can be changed, except for the addresses which are not used
at column time. For Bank 6, address ordering can be changed, except for Addresses 0 and 1.

Example: The following table indicates, for example, that to access Bank 2 with fbm = 0010 and no
VGA frame buffer, memory address 7 can connect to ATHENA address 7 (VAA bus), or 12 (VAA bus), or
8 (VAA bus). Memory address 6 can only connect to ATHENA address 6 (VAA or VAB bus).
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Bank

0

fbm
000x

000x

0010

0011

1010

XIXX

x010

0011

OIXX

Address *2 *3

VGA *I Condition 9 8 7 6 5 4 3 2 1 0

Y VD<31:0> 9A 8A 6A 5A 4A 3A 2A IA OA

10A 7 A

VD<63:  32> 13A 12A 6B 5B 4B 3B 2B 1B OB

N 9A 8A 6 5 4 3 2 1 0

13A 12A

10A 7 A

N 9A 8A 6 5 4 3 2 1 0

13A 12A

Y VD<15:0>
I

10A 7A 6A 5A 4A 3A 2A 1A OA

VD<47:  32> 13A 12A 6B 5B 4B 3B 2B 1B OB

VD<63:48,3 1: 16> 10A 7A 6 5 4 3 2 1 0

13A 12A

11A 8A

N 10A 7A 6 5 4 3 2 1 0

13A 1 2 A

11A 8A

Y VD<l5:0> 10A 7A 6A 5A 4A 3A 2A 1A OA
VD<47:  32> 13A 12A 6B 5B 4B 3B 2B 1B OB

VD<63:48,31:16> 10A 7A 6 5 4 3 2 1 0

13A 12A

N VD<63:48,31:16> 10A 7A 6A 5A 4A 3A 2A IA OA -

13A 12A

11A

Y VD<l5:0> 10A 7A 6A 5A 4A 3A 2A 1A OA

VD<47:  32> 13A 12A 6B 5B 4B 3B 2B IB OB

VD<63:48,31: 16> 10A 7A 6 5 4 3 2 1 0

1 3 A  12A

VD<63:48,31:16> 10A 7A 6 5 4 3 2 1 0

13A 1 2 A

Y VDc15:0> 10A 7A 6A 5A 4A 3A 2A 1A OA

VDc47:  32> 13A 12A 6B 5B 4B 3B 2B IB OB

VD<63:48,31:16> 10A 7A 6 5 4 3 2 1 0

N 10A 7A 6 5 4 3 2 1 0

13A 12A

N IOA 7A 6 5 4 3 2 1 0

13A 12A

N 11A 8A 6 5 4 3 2 1 0

10A

13A -
N 1OA 7A 6 5 4 3 2 1 0

(continued on the next page)

6-18 Chapter 6: Hardware Interface MGA ATHENA Specification Matrox Confidential



Bank

4

5

6

8

Jbm
OlXX

000x

0011

x010

OlXX

000x

x010

0011

OIXX

VGA “1 Condition

N

I

N 9RAS 9CAS

10 RAS 8 CAS

I

N 9RAS 9CAS

10 RAS 8 CAS

N 9 RAS 9CAS

1ORAS  8CAS

N 9RAS 9CAS

1ORAS  8CAS

N

N I

N I

N

N

N 256K x 16

9 RAS 9CAS

256K x 16

10 RAS 8 CAS

128Kx8

64Kx 16

r Address *2 *3

9 8 7 6 5 4 3 2 1 0

9A 7A 6 5 4 3 2 1 0
12A

11A 7A 6 5 4 3 2 1 0

12A

8A

9A 11A 7A 6 5 4 3 2 1 0
12A

8A

11A 7A 6 5 4 3 2 1 0

1OA 1 2 A

13A

9A 11A 7A 6 5 4 3 2 1 0

12A

11A 7A 6 5 4 3 2 1 0

10A 1 2 A

1 3 A  8A

9A 11A 7A 6 5 4 3 2 1 0

10A 1 2 A

1 3 A  8A

7A 11A 6 5 4 3 2 1 0

12A

8A 7A 11A 6 5 4 3 2 1 0

12A

11A 7A 6 5 4 3’ 2 1 0

12A

8A

11A 7A 6 5 4 3 2 1 0

10A 12A

1 3 A  8A

11A 7A 6 5 4 3 2 1 0

IOA 1 2 A

13A

11A 7A 6 5 4 3 2 1 0

12A

8A 11A 5 4 3 2 1 0

7A 11A 6 5 4 3 2 1 0

12A

8A 7A 11A 6 5 4 3 2 1 0

12A

6 8A 11A 5 4 3 2 1 0

8A 11A 5 4 3 2 1 0

010x

011x

Table 6-3: ATHENANRAM  Address Connection
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RAS<4:0>/ RAW  strobe. Used for bank selection. Five different RAS/  strobes (two strobes in No
DUBIC mode) are generated by ATHENA. The following table shows how ATHENA’s
RAW  strobes are mapped to VRAM chips for each memory configuration.

RAS

jbm 8 7 6 5 4 3 2 1 0

0000 4 2 1 0

0001 4 2 1 0

0010 4 2 0 1

0100 4 4 2 0 1

0101 4 4 2 3 0 1

0110 4 4 2 0 1

0111 4 4 2 3 0 1

1010 4 2 0 1

Table 6-4: RAS Assignment

For example: to access Bank 4 with fbm = 0101, you must use RASc3>/.

CAS<4:0>/ CAY strobe. Used for final bank selection during write cycles. There are five different
CAY strobes (two strobes in No DUBIC mode) generated by ATHENA. The table below
shows how ATHENA’s CAS/ signals are mapped to VRAM chips for each memory
configuration.

OE<4:0>/ DT/OE strobe. Used for final bank selection during read cycles. There are five different -_
DT/  strobes (two strobes in No DUBIC mode) generated by the ATHENA. The table
below shows how the DT/ signals generated by ATHENA are mapped to VRAM chips for
each memory configuration.

CAS/ or OE/

Jbm 8 7 6 5 4 3 2 1 0

0000 2 2 1 0

0001 2 2 1 0

0010 2 2 0 1

0100 4 2 2 0 1

0101 4 2 2 3 0 1

0110 4 2 2 0 1

0111 4 2 2 3 0 1

1010 2 2 0 1

Table 6-5: CAS and OE Assignment
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WT<7:0>/ Write strobe. The Write strobes are used for pixel selection. Because the minimum pixel
size is 8 bits/pixel, there is one strobe per byte.

DSF<l :O> Special function pin of the VRAM. This pin permits different types of data transfer
(split - normal) simultaneously in different banks.

DSF

Jbm 8 7 6 5 4 3 2 1 0

0000 X x x
0001 X x x

0010 X x x

0100 X x x

0101 X 0 1 0

0110 X x x

0111 X 0 1 0

1010 X x x

X = ‘don’t care’

Table 6-6: DSF Assignment

6.3.6 Coprocessor Requests

Two pins permit sharing of the VRAM bus: BACK/ (generated by ATHENA) and BRQ/  (generated by
the coprocessor). This handshaking can be synchronous or asynchronous on GCLK.

When it releases the bus to the coprocessor, the ATHENA chip brings all VRAM control signals high
before putting them in tri-state. The coprocessor should do the same thing when releasing the bus. This
procedure guarantees that no false access will be performed on the memory.

Figure 6-10 shows the normal sequence when the coprocessor requests and releases the bus.

bgclk

bbrqN

bbackN

Control

Data

Coprocessor 1 : 1’ : $GG

Figure 640: Normal Request and Release of the Bus

In order to allow the ATHENA chip to perform refresh cycles, the coprocessor must release the bus every
10 @, for a minimum of one clock cycle. When the coprocessor releases the bus for only one clock
cycle, ATHENA processes only the high priority refresh cycle. This is shown in Figure 6- 11. Since the
co-processor must generate a pulse of 1 GCLK on BRQ/,  this cycle can only be used with a co-processor
that generates a synchronous handshake. If this is not the case, the co-processor must release the bus
every 10 l..~ for refresh, or else perform refresh on the VRAM.

Ma trox Confidential MGA ATHENA Specification VRA M Interface 6-21



b g c l k  d

bbrqN : n : :

bbackN  : : : : :

Control Coproceisor  rk( Coprocessor : 1 1 ATLAS

Data  : ; : :)f-(

Figure 6-11: 1 gclk Release for Refresh

Finally, the ATHENA chip will notify the coprocessor that it requires the bus for a data transfer by
removing the BACK/ signal. In this case, the coprocessor has a maximum of 20 clock cycles within
which it must return the bus to the ATHENA. This is shown in Figure 6-l 2.

b g c l k  d

bbrqN :

bbackN  y

Cont ro l  :

Data 1

Figure 6-12: ATHENA Request for Data Transfer

6.4 VIDEO Interface

The video interface is different for Power Graphic mode and VGA mode. As well, Power Graphic mode
supports the following two configurations: No DUBIC mode and DUBIC mode.

6.4.1 Power Graphic Mode (No DUBIC Mode)

In ‘No DUBIC’ mode, ATHENA itself is responsible for generating all the control signals for the VRAM
serial port and RAMDACs.  There are three possible configurations.

n No mux: This configuration uses the output enable pins of the VRAM to multiplex the video data to
a 32-bit bus. This is shown in Figure 6-13.

n 32-bit RAMDAC: This configuration is compatible with MGA ATLAS chip, and requires
multiplexers to generate the video data to the RAMDAC. This is illustrated in Figure 6-14.

n 64-bit RAMDAC: This configuration is compatible with the MGA ATLAS chip, and uses a 64-bit
RAMDAC (such as the TI VIEWPOINT). In this case, no external multiplexers are required, since
the RAMDAC’s  pixel port size matches that of the external memory interface. This is shown in
Figure 6- 15.
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BANK
Oor2  SD SD<63:32>

.sc
SOEI 4

BANK
Oor2

dsc
SD.

SOEI +----

SD<3 1 :0>

b PX(D:A)<7:0>

SC1 SC0 SOEO/  SOE 1 / BT485

-EVEN b -EVEN

ATHENA
CDE W CDE

-BLANK b B L A N K

VIDCLK d SCLK
EXTA<5,4,1,0> b Ac3:0>

EXTD<7:0>  l . D<7:0>
VGAD<7:0> b vc7:0>

LDCLK + LCLK
-DACRD  - b -DACRD
-DACWR b -DACWR

-RESET b -RESET
From Clock Generator b PCLK

Figure 6-13: ATHENA/Memory Connection 32 Bit No MUX
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I I I I

SC1 SC0 SOEO/  SOEl/ I 1 BT485

I SMUXL
-EVEN (Id -EVEN

ATHENA CDE b CDE
-BLANK b -BLANK

VIDCLK 4 S C L K
EXTA<5.4.1  .O> b A<3:0>

EXTD<7:0> 4 b D<7:0>
VGAD<7:0> b v<7:0>

LDCLK b LCLK
-DACRD C -DACRD
-DACWR b -DACWR

-RESET
From Clock Generator

b -RESET
b PCLK

Figure 6-14: ATHENA/Memory Connection to 32 Bit RAMDAC
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SCLKl  ,, ,

II ii
SCLKO y

SD -
SC SOE/

SD<630>

BANK
1 or3 qSD PU

SOEI  +
sc 0 or 2

l/O2  V C L K SCLK

TVP3020
- P<63:0>

I -HSYNC

ATHENA -VSYNC
CDE

-BLANK
VIDCLK

I EXTA<5,4,1,0>
EXTD<7:b

VGAD<7:O>
L D C L K

-DACRD
-DACWR

- R E S E T  -

From Clock Generator

l VGA<7:0>
+ C L K O
b -DACRD
l -DACWR
l -RESET

- CLKl
l/O1  8 6 RCLK LCLK

Figure 6-15: ATHENA/Memory Connection to 64 BitPkAMDAC

6.4.2 Power Graphic Mode (DUBIC Mode)

In Power Graphic mode when a DUBIC chip is present (‘DUBIC mode’), controls are generated that
cause the DUBIC chip to generate serial clocks to the VRAM as well as blank and sync signals for the
video output.

In this mode, only the VIDINF pins are used for video generation.

VIDINF4:0>

0000
0001

0010

0011

0100

0101

0110

0111

1000

1001

1110

Code Description

Horizontal and vertical sync and blank

Horizontal sync and blank

Vertical sync and blank

Blank

Display border color

Active video

Bank switching

Vertical sync and blank (field 1)

Data transfer in the current bank

Bank switching and data transfer in the next bank

Backward bank switch

Table 6-7: Power Graphic Mode Video Generation

Refer to the DUBZC  Specification for more information on interconnecting the VRAM serial port,
RAMDAC, DUBIC, and ATHENA.
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6.4.3 VGA Mode

In VGA mode, ATHENA outputs different video signals, according to whether or not the system is
operating in No DUBIC mode or in DUBIC mode. Refer to Table 6-8 for the signal assignment.

1 Signal Description 1 No DUBIC Mode ) DUBIC Mode 1

VGA data

VGA data cl>

VGA data co>

VGAD<l> Z’I’AG<l>

VGAD<O> ZTAG<O>

Table 6-8: VGA Signal Assignment

6.4.4 Slaving ATHENA

/ -

The VIDRSTN input pin of the chip is used to synchronize the MGA video with other external video
sources.

Inside the CRTC circuitry, there are two ‘total compare’ signals (one for the horizontal counter, and one
for the vertical counter). These signals reset the corresponding horizontal or vertical counter, based on the
total values programmed in the registers.

Like the total compare signals, the VIDRSTN signal resets the horizontal and vertical counters. In other
words, the VIDRSTN signal is responsible for initially synchronizing the video circuitry when it is
necessary to get in phase with another video source. Two bits in the CRTC-CRTL  register are used to
enable the reset of either or both of the counters.

The VIDRSTN signal is periodic and must have exactly the same period as that obtained by the
programmed video parameters. The period of VIDRSTN is either the same as the period of one line, or
the same as the period of one frame (depending on the kind of synchronization that is necessary).

The first application of the signal will create a momentary instability in the video signals (blank, syncs,
etc.). After this, the CRTC counters will be in phase with the VIDRSTN signal, and video signal
generation will become stable.

When the vertical reset is used, the VIDRSTN signal is maintained internally until the next vertical clock
(which is the horizontal retrace - this is also when the vertical counter is reset). It is necessary to send a
VIDRSTN pulse of only one clock in length, once per frame (even in vertical reset).

In VGA mode, the VIDRST signal must be maintained active for a minimum of 8 VIDCLKs.  In Power
Graphic mode, VIDCLK is always divided by 8, so VIDRST can be maintained for only one VIDCLK.

The following figures illustrate the video signal waveforms and counters in relation to the video reset
input signal once the CRTC is in phase with the video reset signal (VIDRSTN). The counter numbers are
provided as sample values for a resolution of 1024 x 768.

Ma trox Conficien tial MGA ATHENA Specification VIDEO Interface 6-25



_ __ _- _ __ - _I_ _ __ _ -_
-

_ _ _4_ _ __ _ __ _ _
I_ __ __ _ _

Figure 6-16: Horizontal Video Reset (eg. 1024x768)
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Figure 6-17: Vertical Video Reset (eg. 1024x768)
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Appendix A: Technical Data

This appendix contains the electronic and mechanical technical
information for the Matrox MGA ATHENA chip, including the pin list and
timing information.



A.1 Pin List

When groups of pins are listed together, they’re presented in order from MSB to LSB.

A.1 .I Host Interface (ISA Configuration)

Name No. of pins Type Description

A<231 16> 8

A<7:0> 8

AD<15:8> 8

Dc7:0> 8

HADREN/ 1

HDATAEN<l  :O>/ 2

HWRDIR 1

AEN 1

MCS16l 1

CHRDY 1

CHRDYEN/ 1

REFRESH/ 1

MRDC/ 1

MWTCI 1

I./O

I/O

I./O

I/O

0

0

0

I

0

0

0

I

I

I

Partial Address bus. Not multiplexed.
Pins: 10 17 29 48 97 143 144 175

Partial Address bus. Not multiplexed.
Pins: 162 153 127 126 125 124 123 113

Address and Data multiplexed bus.
Pins: 152 134 133 112 111 103 102 98

Partial Data bus. Not multiplexed.
Pins: 74 58 57 49 38 30 19 18

Host ADdRess  ENable.  External address buffer enable.
Pin: 96

Host DATA byte ENable  bus. External data buffer enable signals.
Pins: 142 70

Host WRite  DIRection.  External data buffer direction control
signal.
Pin: 158

Address ENable signal. Prevents IO decodes during DMA cycles.
Pin: 55

Memory Chip Select 16 signal.
Pin: 90

ReaDY signal.
Pin: 116

This pin can be used to enable an external CHRDY buffer so
that the bus ready signal is driven high before being disabled.
Pin: 105

REFRESH cycle signal. Prevents memory decodes during bus
refresh cycles.
Pin 86

Memory ReaD Control strobe.
Pin: 82

Memory WriTe  Control strobe.
Pin: 84

-
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Name No. of pins Type Description

IORC/

IOWCI

BALE

SBI-IW

IRQ

NMl./

/-

DECODE< 1 :O>/

ISA

DRQ

DAK/

TC

PU

- NC

I

I

I

I

0

0

I

0

0

I

I

I

0

I/O Read Control strobe.
Pin: 91

I/O Write Control strobe.
Pin: 106

Bus Address Latch Enable signal.
Pin: 69

System Bus High Enable signal.
Pin: 99

Interrupt ReQuest  signal.
- The same interrupt is used for ATHENA and VGA.
- A shared interrupt protocol is used in Power Graphic mode,

but not in VGA mode.
- There is a rising edge trigger (ISA type) interrupt in VGA mode.
- There is a negative level interrupt option in Power Graphic

mode.
- Open collector output.
Pin: 171

Generate an NM1 to the host CPU for CGA-Hercules CRTC
register emulation. This pin is connected to the IOCHW pin on
ISA. It is useful only if the ATHENA VGA is used.
Pin: 83

Optional high level DECODE pins which should be pulled down
when not used. Refer to the map table in the CONFIG register
description in Chapter 5 (page 5-52) for more information.
Pins: 73 72

Indicates that the ATHENA is operating in the ISA configuration
and not in the PC1 configuration.
Pin: 56

DMA ReQuest  signal. Refer to Section 3.2.4 for more
information.
Pin: 104

DMA AcKnowledge  signal. Refer to Section 3.2.4 for more
information.
Pin: 157

Terminal Count signal. Refer to Section 3.2.4 for more
information.
Pin: 118

Connected to a pull-up.
Pins: 107 115

No Connect signals.
Pins: 114 156
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A.l.2 Host Interface (PC1 Configuration)

Name No of pins Type Description

PCLK 1 I

PCBE<3:0>/ 4 I

PAD<3 1 :0>

PPAR

PFRAME/

PTRDY/

PIRDYI

PDEVSEL/

PSTOP/

32 I/O

1 0

1 I

1 0

1 I

1 0

1 0

This CLOCK provides timing for all transactions on PCI.
Pin: 86

PC1 Bus Command and Bytes Enables are multiplexed on the
same PC1 pins. During the address phase of a transaction,
PCICBE<3:0>  defines the bus command. During the data phase,
the PCICBE<3:0> signals are used as byte enables.
Pins: 156 114 142 70

Address and Data multiplexed bus. During the first clock of
a transaction PCIAD<3  1 :O> contains a physical address; during
subsequent clocks PCIADc3 1 :O> contains data.
Pins: 10 17 29 48 97 143 144 175

162 153 127 126 125 124 123 113
152 134 133 112 111 103 102 98
74 58 57 49 38 30 19 18

PARity  is even across PCIADc3  1 :O> and PCICBE<3:0>.  Parity
is generated during read data phases.
Pin: 83

Cycle FRAME indicates the beginning and duration of an access.
Pin: 96

Target ReaDY indicates the ATHENA chip’s ability to complete
the current data phase of the transaction. It is used in conjunction
with IRDY/. Wait cycles are inserted until both IRDY/ and
TRDY/  are asserted together.
Pin: 82

Initiator ReaDY indicates the initiating agent’s ability to complete
the current data phase of the transaction. It is used in
conjunction with TRDY/.  Wait cycles are inserted until both
IRDY/ and TRDY/  are asserted together.
Pin: 116

DEVice  SELect,  when actively driven, indicates that the ATHENA
chip has decoded its address as the target of the current access.
Pin: 84

STOP indicates that ATHENA is requesting that the master device
halt the current transaction.
Pin: 91

-
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PINTA 1 0 INTerrupt  ReQuest  signal.
- The same interrupt is used for ATHENA and VGA.
- A shared interrupt protocol is used in Power Graphic mode,

but not in VGA mode.

PIDSEL 1 I

- There is a rising edge trigger (ISA type) interrupt in VGA mode.
- There is a negative level interrupt option in Power Graphic

mode.
- Open collector output.
Pin: 171

Initialization Device SELect  is used as a chip select in lieu of the
upper 24 address lines during configuration read and write
transactions.
Pin: 105

A.l.3 External Device Interface (ISA Configuration)

Name No. of pins Type Description

DACRD/

DACWRI

ROMENI

DEVWRI

DUBICSW

VIWICSLI

EXPSW

CLKGEN< 1 :O>

Ma trox Confidential MGA ATHENA Specification Pin List A-5

1. 0

1 0

1 0

1 0

1 0

1 0

1 0

2 0

ramDAC ReaD control strobe.
Pin: 138

ramDAC WRite  control strobe.
Pin: 137

BIOS ROM ENable  strobe.
Pin: 117

external DEVice WRite.  This pin indicates if the current external
device cycle is a read (1) or a write (0).
Pin: 109

DUBIC SeLect strobe. This pin works in conjunction with the
DEVWR/ signal.
Pin: 154

VIWIC SeLect strobe. This pin works in conjunction with the
DEVWR/ signal.
Pin: 155

Expansion SeLect control strobe. This pin can be used as the
VGA expansion write signal or for other expansion devices when
EXPDEV/ is active. In this case, external decoding circuitry is
required.
Pin: 141

Clock generator control bits. These bits come from the VGA
Miscellaneous Output Register 3C2<3:2>.
Pins: 129 128



A.l.4 External Device Interface (PC1 Configuration)

Name No of pins Type Description -

EXTA<6:0>

EXTD<7:0>

ROMEN/

EIRQ/

DACRD/

DACWR/

CLKGEN< 1 :0>

EXTALEN

DEVRSTI

0

I/O

0

I

0

0

0

0

0

EXTemal  device Addresses. If external devices are enabled,
the EXTAc3:2>  bits are used as second and first decoder
addresses, and EXTA<6> is used as a R/W signal.
Pins: 158 157 118 69 154 155 141

EXTemal Device data bus. This bus is also used as EXTA< 14:7>
for EPROM accesses.
Pins: 115 56 104 107 99 55 73 72

BIOS ROM output ENable  signal. This pin is also used as the
chip select by the external decoder for other external devices.
Pin: 117

External device Interrupt ReQuest.
Pin: 90

RAMDAC ReaD control signal. If external devices are enabled,
this bit is used as the decoder enable strobe.
Pin: 138

RAMDAC WRite  control signal. If external devices are enabled,
this bit is used as the third decoder address.
Pin: 137

CLOCK GENerator  control bits which emanate from the VGA
Miscellaneous Output register (3C2<3:2>).
Pins: 129 128

EXTernal Address Latch. This pin is used to latch the MSB
addresses in an external latch when an EPROM access is
performed. This pin is also used as a chip select on the EPROM,
and as a positive chip select by the external decoder for other
external devices.
Pin: 106

DEVice  ReSeT.  Reset output generated for local devices.
Pin: 109

-

-
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A.13 Drawing Engine (No DUBIC Mode)

Name No of pins Type Description

VD<63:0> 64 I/O

VAA<13:0> 14

VAB<6:0> 7

RAS<  1 :O>/ 2

CASc 1 :O>/ 2

OE< 1 :O>/ 2

WT<7:0>/ 8

DSF< 1 :O> 2

BRQ/ 1

BACK/ 1

Ma trox Confidential

0

0

0

0

0

0

0

I

0

Video Data bus. These pins are connected to VRAM and DRAM.
Pins: 131 136 147 148 149 165 166 167

168 176 177 178 182 183 184 185
195 196 197 203 204 205 206 212
213 214 215 216 224 225 226 232
233 234 235 236 237 8 9 14

15 16 25 26 27 28 34 35
36 37 42 43 44 53 54 62
63 64 65 75 76 77 87 93

VRAM and DRAM multiplexed addresses. This bus includes
all of the different addresses that must be generated for all banks
of VRAM and DRAM. Refer to Table 6-3 for more information.
Pins: 146 164 186 187 188 198 189

199 217 218 3 23 33 94

VRAM and DRAM multiplexed addresses. This bus includes
all the addresses that are the same for Power Graphic mode
(duplicated for load distribution) but different in VGA mode
(for character modes). Refer to Table 6-3 for more information.
Pins: 207 208 227 231 22 32 78

RAS/ strobe, used for bank selection. Five different RAS/
strobes are generated by ATHENA. Refer to Table 6-4 for more
information.
Pins: 238 239

CAS/  strobe, used for final bank selection during write cycles.
Five different CAY strobes are generated by ATHENA. Refer to
Table 6-5 for more information.
Pins: 12 39

DT/OE  strobe, used for final bank selection during read cycles.
Five different DT/  strobes are generated by ATHENA. Refer to
Table 6-5 for more information.
Pins: 163 173

WriTe  strobes, used for pixel selection. Because the minimum
pixel depth is 8 bits/pixel, there is one strobe per byte. The
ninth strobe is unused.
Pins: 174 209 219 13 45 46 51 52

Special Function pin of the VRAM. This pin permits different
types of data transfer (split/normal) simultaneously in different
banks. Refer to Table 6-6 for more information.
Pins: 68 135

Co-processor VRAM Bus ReQuest.
Pin: 6

ACKnowledge  from ATHENA of the VRAM bus request.
Pin: 7
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A.l.6 Drawing Engine (DUBIC Mode)

Name No. ofpins Type Description -

VDc63:0> 64 I/O

ZTAG<3:0>

VAA<l3:0>

VAB<G:O> 7

RAS<4:0>/

CAS<4:0>/

OE<4:0>/

WT<7:0>/

DSF< 1 :O>

4

14

I/O

0

0

0

0

0

0

0
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Video Data bus. These pins are connected to VRAM and DRAM.
Pins: 131 136 147 148 149 165 166 167

168 176 177 178 182 183 184 185
195 196 197 203 204 205 206 212
213 214 215 216 224 225 226 232
233 234 235 236 237 8 9 14

15 16 25 26 27 28 34 35
36 37 42 43 44 53 54 62
63 64 65 75 76 77 87 93

Video data bus. These pins are connected to the ZTAG RAM
(Bank 6).
Pins: 24 66 79 95

VRAM and DRAM multiplexed Addresses. This bus includes
all the addresses that must be generated for all banks of VRAM
and DRAM. Refer to Table 6-3 for more information.
Pins: 146 164 186 187 188 198 189

199 217 218 3 23 33 94

VRAM and DRAM multiplexed Addresses. This bus includes
all the addresses that are the same for Power Graphic mode
(duplicated for load distribution) but are different in VGA mode
(for character mode). Refer to Table 6-3 for more information.
Pins: 207 208 227 231 22 32 78

RAY strobe. Used for bank selection. There are five different
RAS/ strobes generated by ATHENA. Refer to Table 6-4 for
more details.
Pins: 47 222 223 238 239

CAY strobe. Used for final bank selection during write cycles.
There are five different CASI strobes generated by ATHENA.
Refer to Table 6-5 for more information.
Pins: 88 202 4 12 39

DT/OE  strobe. Used for final bank selection during read cycles.
There are five different DT/ strobes generated by ATHENA.
Refer to Table 6-5 for more information.
Pins: 89 145 194 163 173

WriTe  strobe. Write strobes are used for pixel selection. Because
the minimum pixel size is 8 bits/pixel, there is one strobe per
byte. The ninth strobe is unused.
Pins: 174 209 219 13 45 46 51 52

Special Function pin of the VRAM. This pin permits different
types of data transfer (split - normal) simultaneously in different
banks. Refer to Table 6-6 for more information.
Pins: 68 135

-
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BRQ/ 1

BACK/ 1

NC 1

I Co-processor VRAM Bus ReQuest.
Pin: 6

0 ACKnowledge  from the ATHENA of the VRAM bus request.
Pin: 7

I/O Not Connected.
Pin: 67

A.l.7 Video Interface (No DUBIC Mode)

Name No of pins Type Description

VIDCLK

VIDRST/

HSYNC/

VSYNC/

BLANK/

CDE

LDCLK

VGAD<6:0>

SC-4 :o>

SOE<l  :O>/

EVEN/

.-
SMUXSL

Ma trox Confidential

1

1

1

1

1

1

1

7

2

2

1

1

I

I

0

0

0

0

0

0

0

0

0

0

Input CLOCK for the CRTC and the DT request module in
Power Graphic mode.
Pin: 229

VIDeo ReSeT  input.
Pin: 159

Horizontal SYNC. In VGA mode, sync polarity is selected from
the VGA control register. In Power Graphic mode, the sync is
always active low.
Pin: 211

Vertical SYNC. In VGA mode, sync polarity is selected from the
VGA control register. In Power Graphic mode, the sync is
always active low.
Pin: 169

Video BLANK signal.
Pin: 193

Video CDE signal.
Pin: 223

Video CLOCK.
Pin: 191

VGA Data output. VGAD<7>  is multiplexed with VAAcl  l>.
Pins: 194 89 145 24 66 79 95

Serial Clock. Each half-bank is connected to one of these serial
clock pins.
Pins: 88 202

Serial Output Enable control for each bank.
Pins: 47 222

EVEN line signal (used for interlace operation only). The even
field is defined as the field that starts with line two, while the
odd field starts with line one.
Pin: 67

Serial MUX Low input select. This pin connects directly to the
select pin of the muxes.
Pin: 4
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A.l.8 Video Interface (DUBIC Mode)

Name No. sf pins Type Description -

VIDCLK 1 I Input CLOCK for the CRTC and the DT request module in Power
Graphic mode.
Pin: 229

VIDRST/ 1 I VIDeo ReSeT  input.
Pin: 159

VIDINF<3:0> 4 0 VIDeo  INFormation  (to DUBIC). Refer to Table 6-7 for more
information. Not available in No DUBIC mode.
Pins: 191 193 211 169

A.l.9 Miscellaneous

A.l.9.1 Fixed

Name No of pins Type Description

GCLK

RESET/

Graphic (and host interface) CLOCK.
Pin: 151

This is an active low hard RESET pin.
Pin: 119

-
A.l.9.2 Test

Name No of pins Type Description

HIZ 1 I This pin is used to put all bi-directional buffers in tri-state. This
pin should be tied to a pull-down resistor on all products.
Pin: 108

PD 1 I Connected to a pull-down.
Pin: 5

<NANDTREE>  1 0 Output of the NAND TREE. This is a shared pin.
Pin: 109

<RINGOSC> 1 0 Output of the RING OSCillator  (the ring oscillator is enabled
when the chip is in reset). This is a shared pin.
Pin: 158
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A . l . 9 . 3  VCWGND

Name No qf pins Type Description

PWR 16 Attached to +5 Volts.
Pins: 21 40 61 81 100 120 132 140

160 172 181 190 201 220 228 240

GND 29 Attached to GrouND.
Pins: 1 2 11 20 31 41 50 59

60 71 80 85 92 101 110 121
122 130 139 150 161 170 179 180
192 200 210 221 230
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A.2 Electrical Specification

A.2.1 Maximum Ratings

n Storage Temperature: -40’ C. to + 125’ C.

n DC Supply Voltage: -0.5 V to +7.0  V

. I/O pin voltage with respect to VSS: -0.5 V to VDD + 0.5 V

A.2.2 DC Specifications

. For VDD = 5.0 +- 5%) Ta = 0 to 55’C.

Symbol

VIL

V I H

VOL

VOH

VT

IIH

IOH

-

Input high current -

Output low current

Output high current

Table A-l: DC Specification

-
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A<23 : 16>

AD<15:12>

AD<1 1:8>

D<7:0>

HADREN/

HDATAEN< 1 :O>/

HWRDIR

AEN
MCS16/

CHRDY

CHRDYEN/

RESET/
REFRESH/

MRDC/

MWTU

8

8

8

8

8

8

8

12

12

8

-
-

PU

PU

PU

PU

PU

PU

PU

PU

PU

PU

PU

PU

50

70

70

70

60

40

70

45

45

30

-

Signal Name Drive Strength &A) Comment Maximum Load CpF)

IORU -
IOWU - PU -
BALE PU --

SBHE/ PU --

IRQ 12 Open Drain 120

NMI/ 8 PU 240
DECODE<1 :O>/ 8 PU 70
ISA 8 PU 70
DRQ 8 PU 120
DAK/ PU -

Table A-2: Host Interface (ISA) Signal Buffers

Signal Name Drive Strength (mA) Comment Maximum Load (pF)

PCLK -

PCBE<3:0> -

PAD<3 1 :O> 8

PPAR 8

PFRAME/ -

PTRDY/ PC1

PIRDY/ -

PDEVSEL/ PC1

PSTOP/ PC1

PINTA 12

PIDSEL -

PU

PU

PU

PU

PU

Open Drain

PU

-

-

50

50
-

50

50

50

50
-

Table A-3: Host Interface (PCI) Signal Buffers
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Signal Name Drive Strength (mA) Comment Maximum Load @F)

DACRD/ 4
DACWRI 4
ROMEN/ 4
DEVWRI 4
DUBICSL/ 4
VIWICSL/ 4
EXPSL/ 8
CLKGENc 1 :0> 4

PU 40

PU 40
PU 40

70

PU 40
PU 60

PU 60
-PU 25

Thble  A-4: External Device Signal Buffers (ISA)

Signal Name Drive Strength (mA) Comment Maximum Load dpF)

EXTA<2:  l> 4 PU 60
EXTA<6:3,0> 8 PU 60
EXTD<7:0> 8 PU 70
ROMEN/ 4 PU 40
EIRQ/ - PU -

DACRD/ 4 PU 40
DACWRI 4 PU 40
CLKGEN< 1 :O> 4 PU 25
EXTALEN 8 PU 50
DEVRST/ 4 PU 70

Table A-5: External Device Signal Buffers (PCI)

Signal Name Drive Strength (mA) Comment Maximum Load CpF)

VD<63:0> 4 58
VAA<13,12,8> 8 PU 108
VAA<I  1,10,7> 8 PU 94
VAA<9,6:  O> 8 PU 130
VABc6:0> 8 PU 122
RAS<l:O>/ 12 PU 93
CAS< 1 :O>/ 12 PU 93
OEcl:O>/ 12 PU 93
WT<7:0>/ 8 PU 58
DSF<l:O> 12 PU 100
BRQ/ - PU -

BACK/ 12 30

Table A-6: Drawing Engine Signal Buffers (No DUBIC)

-
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I I

Signal Name Drive Strength (mA) Comment Maximum bad CpF)
GCLK

VD<63:0>

VAA<13,12,8>

VAA<11,10,7>

VAA<9,6:0>

VABc6:  O>

RASc4:Od

CASc4:bl

OE<4: 3>/

OE<2>/

OE<1:0>/

wT<7:0>/

DSF<l :0>

BRQ/
BACK/

-

4

8

8

8

8

12

12

12

12

12

8

12

12

PU

PU

PU

PU

PU

PU

PU

PU

PU

PU

PU

PU

-

58

108

94

130

122

93

93

44

79

93

58

100

30

Table A-7: Drawing Engine Signal Buffers (DUBIC)

Signal Name Drive Strength (mA) Comment Maximum Load (pF)
VIDCLK/ - -

VIDRST/ - PU -

HSYNC/ 12 PU 40

VSYNCI 12 PU 40_

BLANK/ 12 PU 40

CDE 12 PU 40

LDCLK 8 PU 40

VGAD<6:0> 12 PU 51

SC< 1 :o> 12 PU 93

SOE<  1 :O>/ 12 PU 93

EVEN/ 8 PU 40

SMUXSL 12 PU 93

Table A-8: Video Interface Signal Buffers (No DUBIC)

Signal Name Drive Strength (mA) Comment Maximum Load (pF)

VIDCLK - -

VIDRST/ - PU -

VIDINF<2:0> 12 PU 40

VIDINF<3> 8 PU 40

Table A-9: Video Interface Signal Buffers (DUBIC)
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Signal Name Drive Strength (mA) Comment Maximum Load @F)

GCLK

RESET/

HIZ

<NANDTREE>

<RINGOSC>

Power pins

PU

PD

PU

-

70

70

Table A-10: Miscellaneous Signal Buffers

A.2.3 AC Specifications

A.2.3.1 GCLK

-t,l A

k--t,2 -t63 -----+I

GCLK I

-

A.2.3.2 Host Interface Timing

The host interface waveforms and parameter lists are found on the pages which follow.

-
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Figure A-l: ISA Host Interface Waveform
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Ref.

Tsu 1

Th2

Tsu3

Th4

Tsu5

Th6

Tsu7

Th7

Tsu8

Th9

Tsul4

Th14

Tsul5

Th15

Tsu16

Th17

Tsul8

Th18

Tsul9

Th20

Ta21

Tde122

Ta24

Tr24

Tsu25

Th25

Tde126

Min (ns) Max (ns) Comments

20 aen + iorcl iowcl LOW

15 aen (HOLD) + iorcl iowc/ HIGH

40 refreshN + mrdc/ LOW

5 refreshN (HOLD) + mrdc/ HIGH

15 decode< 1 :o>/ -+ mwtc/ mrdc/ iorc/ iowc/ LOW

5 decode<1  :o>/ (HOLD) -+ mwtc/ mrdc/ iorc/ iowc/  HIGH

10 decode<l:@/  + bale LOW

3 decode<1  :o>/ (HOLD) + bale LOW

14 sbhe/ + mwtc/ mrdc/ iorc/  iowc/  LOW

10 sbhe/ (HOLD) + mwtc/ mrdc/ iorc/ iowc/  HIGH

19 adc15:0>  (ADDR) + mwtc/ rnrdc/  iorc/ iowc/  LOW

10 ad<1  5:0>  (ADDR) (HOLD) + mwtc/ rnrdc/  iorc/  iowc/  LOW

6 ad<15:0> (ADDR) + bale LOW

5 ad<1  5:0>  (ADDR) (HOLD) + bale LOW

19 ad<23:  16> (ADDR) + mwtc/ mrdc/ iorc/ iowc/  LOW

10 ad<23:  16> (ADDR) (HOLD) + mwtc/ mrdc/ iorc/ iowc/  HIGH

6 ad<23:16> (ADDR) + bale LOW

5 ad<23:16>  (ADDR) (HOLD) -+ bale LOW

20 bale HIGH + mwtc/ mrdc/ iorc/ iowc/  LOW

15 bale LOW (HOLD) + mwtc/ mrdc/ iorc/ iowc/ HIGH

10 bale HIGH

55 mwtc/ mrdc/ iorc/ iowc/ HIGH -+ bale LOW

85 mwtcl mrdc/ iorc/  iowcl ACTIVE

3*gclk+l3

130 iowcl ACTIVE

215 iorc/ ACTIVE

65 mwtc/ mrdc/ iorc/ iowc/ RECOVERY

2*gclk+l5

3*gclk+250 mwtc/ mrdc/ iorc/ iowc/ RECOVERY

20 ad<1  5:0>  (DATA) + mwtc/ iowc/ HIGH

10 ad<1  5:0>  (DATA) + iowc/ HIGH

5 ad<15:0> (DATA) (HOLD) + mwtc/ iowc/ HIGH

5 ad<1  5:0> (DATA) (HOLD) + iowc/ HIGH

51 mwtc/ LOW + ad<7:0> (DATA)

Notes

(1) (4)

(1)

(1)

(1)

(1)

(1)

(1)

(1)

(1) (4)

(1)

(1)

(15)

(18)

(2)

(5)

(18)

(9)

(2)

(2)

(8)

-.

-

Tpd27

Tpa27

Tpz28

Tpi28

Tde129

Tpd30

Th3 1

Tpd32

Tpd34

60

120

60

120

20

0

60

29

21

25

18

mrdc/ iorc/ LOW + ad< 15:0>  (OUTPUT DATA)

iorc/ LOW + ad<7:0> (OUTPUT DATA)

mrdc/ iorc/ LOW + ad-cl 5% (DATA) ACTIVE

iorcl mrdc/ LOW + adc7:0>  ( DATA) ACTIVE

mrdc/ iorc/ HIGH + ad< 15:0>  (DATA) TRISTATE

mrdc/ iorcl HIGH + ad<1  5:0> (DATA) invalid

chrdy --+ ad<15:0>  (OUTPUT DATA)

chrdy + ad<7:0> (OUTPUT DATA)

mwtc/ mrdc/ iorc/ iowcl LOW + chrdy LOW

mwtc/ mrdc/ iorc/ iowcl LOW + chrdy LOW

mwtc/ mrdc/ iorc/ iowcl LOW (HOLD) + chrdy HIGH

mwtc/ mrdc/ iorc/ iowc/ LOW + chrdyen LOW

ad< 16:0> (ADDR) + mcs 16/

(continued on the next page)

(5)

(16)
(16) (5) (7)

(16)

(7)

(5) (6) (7) (8)

(1)

(1) (10)

-
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RejI

Tpd35

Tpd36

Tpd38

Tpd39

Tsu45

Th46

Tpd47

Tpd48

Tpd49

Tpd50

Tdel5 1

Tde152

Tde153

Tde154

Th55

Th57

Tsu58

Th58

Tsu59

Th60

Tpd6 1

Tpd62

Tde163

Tde164

Tpd65

Ta66

Min (ns) Max (ns) Comments

18 ad<23:  17>  (ADDR) +- mcs 161

18 decode< 1 :O>/ + mcs 16/

70 mwtc/ mrdc/ HIGH + mcs 161 valid

4 mwtc/ mrdc/ LOW + mcsl6/  HIGH

0 hwrdir + hdataencl :O>/  LOW

0 hwrdir (HOLD) + hdataen< 1 :O>/  HIGH

2*gclk+40 mwtc/ iowc/ LOW + hdataenc 1 :O>/  LOW

30 mwtc/ LOW + hdataencO>/ LOW

118 mrdc/ iorc/  LOW + hdataen<l:b/  LOW

50 mwtc/ mrdc/ iorc/ iowc/  LOW + hdataencl :O>/  LOW

17 mwtc/ mrdc/ iorc/ iowc/  HIGH+ hdataencl :O>/ HIGH

0 35 mwtcl mrdc/ iorc/  iowc/  LOW -+ hadren/ HIGH

34 mwtc/ mrdc/ iorc/ iowc/  HIGH + hadren/ LOW

3 hadren/ HIGH + hdataen<l>/ LOW

1 hdataen<l>/ HIGH + hadren/  LOW

0 ad<1  5:8> (OUTPUT DATA) TRISTATE + hadren/ LOW

3 hadren/ HIGH + ad<1  5:8>  (OUTPUT DATA) ACTIVE

0 ad< 15:0> valid (DATA) (HOLD) + hdataerxl  :O>/ HIGH

0 ad<1  5:8>  valid (ADDR) (HOLD) + hadren/ HIGH

2*gclk+70 tc -+ iowc/ HIGH

-41 tc (HOLD) + iowc/ HIGH

100 dak/ + iowc/ LOW

45 dak/ (HOLD) + iowc/ HIGH

2 50 iowc/ LOW + drq LOW

33 tc + drq LOW

10 drq LOW + drq TRISTATE

14”gclk irq LOW + irq HIGH

3*gck+35 mwtc/ HIGH + isa

l&B reset ACTIVE

Table A-11: Host Interface Parameter List

Notes

(1)

(13

(1%

(15)  (13)  (2)

(15)  (8)

(15)  (5) (7)

(15)  (17)  (14)

(15)

(15)

(15)

(15)

(15)

(15)

(15)

(15)

(15)  (1)
(2)
(2)
(2)

(2)
(2)

(2)
(2)

(3) (11) (19)

(3) (19)

, CW2) (1%  _

Notes:
(1) ISA timing

(2) DMA timing

(3) The timing appears only as a note, and isn’t shown in the diagram.

(4 Necessary only for cycles in which there is no BALE.

(5) VGA I/O read.

(6) VGA I/O write.

(7) VGA frame buffer read.

(8) VGA frame buffer write.
(9) After a CONFIG  or OPMODE register write.
(10) Narrow decode only.

(11) Edge-triggered interrupt mode.

(12) The timing is also a function of the pull-up or pull-down, and the load.
(13) Write cycle.
(14) Read cycle.
(13 Must be considered only when hadren/  and hdataen/  are used.
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(16) Can be ignored if hadren/  and hdataen/  are used, since an equivalent timing is guaranteed
(as long as external buffers respect the constraints mentioned in Section 6.2.1.4).

(17) Write cycles without wait states.
(18) Use the upper expression if gclk < 25. For other gclk values use the lower expression.
(19) These timings are not shown in the corresponding waveform.

Timing Conditions

CLK

V th-_-___-----__----------. -

------------------- v tl-
T-su

) T-h

- V  t h ----_-_---__-_----------
INPUT .

4
V-max

- v  tl 37--_-----__-----_-_-----  _
-

Figure A-2: Host PC1 Input Waveform

OUTPUT
DELAY

Tri-State
OUTPUT

Figure A-3: Host PC1 Output Waveform

Figures A-2 and A-3 define the conditions under which timing measurements are made. The
component test guarantees that all timings are met with minimum clock slew rate (slowest edge) and
voltage swing. The design guarantees that minimum timings are also met with maximum clock slew
rate (fastest edge) and voltage swing. The design also guarantees proper input operation for input
voltage swings and slew rates that exceed the specified timing conditions.

Symbol 5 V Signalling Units

Vth 2.4 V

Vtl 0.4 V

vtest 1.5 V

A2 . 0V

Input signal edge rate 1 Vfns
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Vmax specifies the maximum peak-to-peak waveform allowed for testing input timing.

Symbol Parameter M i n  M a x Units Notes

t”a] CLK to Signal valid delay (bussed signals) 2 11 ns (3) (2) _

ton Float to Active delay 2 ns (3) _

bff Active to Float delay 28 ns (3)

tsu Input Setup time to CLK (bussed signals) 7 ns (1)

th Input Hold time from CLK 0 ns (1)

Table A-12: Host PC1 5 V Timing Parameters

(1) Refer to Figure A-2.
(2) Minimum times measured with 0 pF equivalent load. Maximum times measured with 50 pF

equivalent load. Actual test capacitance may vary. Correlate results to these specifications.
(3) Refer to Figure A-3.

j------Tpd206 +
A[15:0](ISA)  m

4 Tpa205
. Tpd205 c

D[7:0] -4-K
* Tpz205 b

ROMEN/ Ye-- -__- __-___-~__~ -~-.-~~-___--- m ~----- ---

HDATAEN[O]/
-------7r~ .__ -~ ----~-__- - -

HWRDIR /

Figure A-4: ROM Host Interface Waveform

b-----------JTh202B-4

A[lS:OI(ISA)

1Tsu203** kTh203
D[7:O]WriteData

D[7:O]ReadData
*/+Tpa204

-I
1 -jTpz204

Km

/-+Tsu201 -jTh201
DEVWR/

EXPSL/ DUBICSL/ VIWICSL/ DACWR/ DACRDI

HDATAEN[O]/

HWRDIR

Figure A-5: External Device Interface Waveform (ISA)
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dTsu215 ;+
EXTALEN

1
+jTs.~216  L

EXTA[3:2  1 BELECT-~%TPUT STROBE

-Th215
/

-/Th216

pTsu201
EXTA[6] \ 1

,Tsu202
t-+Th202B+

EXTA[5:4,1:0]  (READ) -bD. READ

-+Th201
/

;+rpd204A * Tpz204A
y-----Tpd204B =1 l Tpz204B

EXTD[7:0] (READ) ~ATA

+jTsu202

\

4 c(Th202A
EXTA[5:4,1:0] (WRITE) SD. WITE

F

su203A-
wTh203A

su203B-
*Th203B

EXTD[7:0] (WRITE) ZATA

DACRDN \
I

/ \

DACWRN \
I

/

-am2OOA l +--Trm200
-am2OOB mwrm2OOA

ROMENN / 7

Figure A-6: External Device Interface Waveform (PCI)

4 +Tsu209
*Tdelm210*
+Th209 *

rt"ra208-• Tpd214 . +Tdelm211
EXTALEN / /

* cTpam213
. Tpd213 l *Tpz213*

ROMENN -\ /

k Tpd212 .

EXTA[6:0] -0W ADDRESSES
I

EXTD[7:0]>

Figure A-7: BIOS ROM (PC1 Configuration)
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Ref. ikiin (ns) Max (ns) Comments Notes

Ta200 250 expsl/  ACTIVE (ISA)

romenN (for expslN) (ACTIVE pulse) (PCI)

100 dacrd/ dacwr/ viwicsll  dubicsll  ACTIVE (ISA)

dacrdN, dacwrN, romenN (for viwicslN, dubicslN)  (ACTIVE pulse) (PCI)

Tr200 60 expsl/  dacrdl  dacwr/ viwicsY  dubicsY  RECOVERY (ISA)

dacrdN, dacwrN, romenN (RECOVERY pulse) (PCI)

Tsu201 10 devwr/ + expsl/  viwicsl/  dubicsl/  LOW (ISA)

exta-c6>  (devwrN) + romenN (LOW) (PCI)

Th201 8 devwr/ (HOLD) + expsl/  viwicsl/  dubicsl/  HIGH (ISA)

exta<6> (devwrN) (HOLD) + romenN (HIGH) (PCI)

Tsu202 8 ad< 15:0> (ADDR) + expsl/  viwicsl/  dubicsl/  dacrd/ dacwr/  LOW (ISA)

exta<5:4,1  :O> + dacrdN, dacwrN, romenN (LOW) (wr/rd) (PCI)

Th202A 15 ad<15:0> (ADDR) (HOLD) + expsl/  viwicsY  dubicsl/  dacwr/ HIGH (ISA) (1)

ext.a<5:4,1  :O> (HOLD) + dacwrN, romenN (HIGH) (WRITE) (PCI)

Th202B 100 ad<15:0> (ADDR) (HOLD) -+ expsl/  viwicsl/  dubicsV  dacrd/ LOW (ISA) (2)

exta<5:4,1  :O> (HOLD) + dacrdN, romenN (LOW) (read) (PCI)

Tsu203 100 ad<7:0> (OUTPUT DATA) + expsl/  HIGH (ISA)

exdt<7:0> + romenN (for expslN) (HIGH) (write) (PCI)

50 ad<7:0> (OUTPUT DATA) + viwicsl/  dubicsl/  dacwr/ HIGH (ISA)

exdt<7:0> + dacwrN, romenN (for viwicslN, dubicslN) (HIGH) (write) (PCI)

Th203 15 ad<7:0> (OUTPUT DATA) (HOLD) + expsl/  viwicsY  dubicsl/  dacwr/ HIGH (ISA)

extd<7:0> (HOLD) + dacwrN, romenN (HIGH) (write) (PCI)

Tpa204 2 expsl/  viwicsl/ dubicsl/  dacrd/ LOW + ad<7:0> (INPUT DATA) ACTIVE

Tpd204 2 250 expsl/  LOW --+ ad<7:0> (INPUT DATA) (ISA)

romenN (for expslN) (LOW) -+ extd<7:0> (VALID) (read) (PCI)

2 90 viwicsl/  dubicsl/  dacrd/  LOW + ad<7:0> (INPUT DATA) (ISA)

dacrdN, romenN (for viwicslN, dubicslN) (LOW) + extd<7:0> (VALID) (read) (PCI)

Tpz204 2 40 expsl/  HIGH + ad<7:0> (INPUT DATA) TRISTATE (ISA)

romenN (for expslN) (HIGH) + extd<7:0> (TRISTATE) (read) (PCI)

2 25 viwicsl/ dubicsl/  dacrd/ HIGH + ad<7:0> (INPUT DATA) TRISTATE (ISA)

dacrdN,  romenN (for viwicslN, dubislN) (HIGH) + extd(7:0> (TRISTATE) (read) (PCI)

Tpd205 1 O*gclk-50 romen/ LOW -+ ad<7:0> (DATA) (3)

Tpa205 2 romen/ LOW + ad<7:0> (DATA) ACTIVE

Tpz205 2 4*gclk-  10 romen/ HIGH + ad<7:0> (DATA) TRISTATE (3)

Tpd206

Tsu207

Th207

Ta208

1 O*gclk-50 ad<1  5:0>  (OUTPUT ADDR) + ad<7:0> (DATA) (3)

0 150

115 hdataen/ LOW + expsl/  HIGH

65 hdataenl LOW + viwicsll dubicsll  dacwrl  HIGH

15 hdataen/ LOW (HOLD) + viwicsl/ dubicsV  dacwr/  expsl/  HIGH

6 extalen(HIGH) ACTIVE

--
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ReJ Min (ns) Max (ns) Comments Notes

Ts1.1209 2 extd<7:0>  + extalen (LOW)
Th209 3 extd<7:0>  (HOLD) + extalen (LOW)
Tdelm2 10 6.30 extalen (LOW) + romenN (LOW)
Tdelm2 11 4.80 romenN (HIGH) + extalen (HIGH)
Tpd2 12 0 200 exta<6:0>  + extd<7:0>  (DATA)
Tpd2 13 0 75 romenN (LOW) -+ extd<7:0> (DATA)
Tpam2 13 0 romenN (LOW) + extd<7:0> (ACTIVE)
Tpz2  13 0 60 romenN (HIGH) + extdc7:0> (TRISTATE)
Tpd214 0 200 extalen (LOW) + extd<7:0> (DATA)
Tsu215 6.80 extalen (HIGH) -+ romenN (LOW) when NOT BIOSROM
Th215 5.30 extalen (HIGH HOLD) + romenN (HIGH) when NOT BIOSROM
Tsu216 6.80 exta<3:2>  + romenN (LOW) when NOT BIOSROM
Th216 5.30 exta<3:2>  (HOLD) + romenN (HIGH) when NOT BIOSROM

Table A-13: External Device Parameter List

Notes:

(1) Write cycle.
(2) Read cycle.
(3 Choose the lesser of the two values listed.
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A.2.3.3 Power Graphic Mode VRAM Interface Timing

The MGA Power Graphic Mode VRAM interface timing diagrams and parameter lists are found on the
pages which follow. This timing data is based on 80 ns VRAMs,  with the MCTLWTST register
programmed to C400101Oh.

wlk / -L
J-----~HD-BR~  ~U-BRQ , ,

brq/

back/

tBACKp4

Figure A-8: BRQ Back Timing

Matrox Confidential

Name Min. (ns) Max.

tBRQ 5 23

tBACK 5 25

SU BRQ 0

HDBRQ 4

Table A-14: BRQ Back Timing Parameter List
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Figure A-9: Data Transfer Cycle Waveform
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tRWH 40

tTLH 41

tTLS 16

tWSR 19

Write hold after RAS/ low

DT/ hold time after RAS/ low

DT/ setup time before RAS/ low

Write setup to RAS/ low

Table A-15: Data Transfer Cycle Parameter List
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Figure A-10: Hyper Page Read Cycle Waveform
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1 tWSR 21 1 Write setup to RASI low

Table A-16: Hyper Page Read Cycle Parameter List
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Figure A-11: Page Read Cycle waveform
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Table A-17: Page Read Cycle Parameter List
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Figure A-12: Page Write Cycle Waveform
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Table A-18: Page Write Cycle Parameter List
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Figure A-13: Refresh Cycle Waveform

A-34 Appendix A: Technical Data MGA ATHENA Specification

----I+ ’
.

/

Ma trox Confidential

-

-



Table A-19: Refresh Cycle Parameter List
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Figure A-14: Page Read-Modify-Write Cycle Waveform

Name Min ( n s )  M a x Comments

Twlk 16.67 GCLK period

HD DQ 4 DQ hold after GCLK

SU DQ 0 DQ setup time before GCLK

t AR 74 Column address hold time after RAS/ low

tASC 12 Address setup time before CAS/ low
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Table A-20: Page Read-Modify-Write Cycle Parameter List
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Figure A-15: Page ZI Cycle Waveform

-
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Table A-21: Page 21 Cycle Parameter List

-
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A.2.3.4 VGA Mode VRAM Interface Timing

Notes:

(1) In the tables which follow, ts, th and tl are the period of VIDCLK, VIDCLK high pulse
width, and VIDCLK low pulse width, respectively.

(2) A = Standard Modes (CPU Writes),
High-resolution 256-Color  Modes (CPU Writes during Blank) (4)

B = High-Resolution 256-Color  Modes (CPU Writes) (4)
C = Low Frequency Sequence (Display Reads),

High-resolution 256-Color  Mode (CPU Reads during Blank) (4)
D = Low Frequency Sequence (Catch Up Display Reads)
E = Low Frequency Sequence (CPU Reads)
F = High Frequency Sequence (Display Reads)
G = High Frequency Sequence (Catch Up Display Reads)
H = High Frequency Sequence (CPU Reads)
I = High-resolution 256-Color  Mode (CPU Reads during Video) (4)
J = High resolution 256-Color  Mode (Display Reads) (4)

(3) The ‘VRAM’ column represents the timing that the VRAM must respect in order to
support Super VGA modes.

(4) For 1024 x 768 x 16 NI at 65 MHz, the pixel clock is divided by two, so high-resolution
256-color  mode cycles have twice the number of clocks.

(5) The WTN signals are high for at least one full cycle prior to the one indicated.

(6) The WTN signals are high for at least one full cycle after the one indicated.
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VAA 13-O

VAB 6-O

RASN 1-O

CASN 1-O

WTN 7-O

OEN 1-O

VD 63-O L----)

I
4- tv1o-m

~~tvli -w*
4 tv’

Figure A-16: Video Dvnamic RAM Write Cvcles
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tvl

tv2

tv3

tv4

tv5

tv6

tv7

tv8

tv9

tv10

tvll

tv12

tv13

tv14

tv15

tv16

tv17

tv18

tv19

tv20

Row address setup time to RASN low

Row address hold time from RASN low

Column address setup time to CASN low

Column address hold time from CASN low

RASN low duration

RASN high duration

RASN to CASN low delay

CASN low duration

Write data setup time to WTN low

Write data hold time from WTN low

WTN to RASN high lead time

WTN low duration

Column address hold, referenced to RASN

RASN hold time

CASN hold time

Column address to RASN lead time

CASN to RASN precharge

Random read/write cycle time

WTN to CASN lead time

OEN command hold time

Mode (

A

2ts
ts
th
ts

5ts
3s

ts+th
5ts

wts
3ts+th

2ts
4t,

&+th

tt+3ts

6ts+th

4ts

u+ts
8ts

3ts+th

3 ts+th

7(2)
B

ts+th
tl

th

tl

3t.s

tt+2ts

ts

3ts

4ts+h

t1+5 ts

ts

2ts

tl+ts

2ts

4ts

2ts+q-j

tt+ts
t1+5 ts

2ts

t1+3 ts

VRAM (3)

Min Max

0

10

0

15

80

60

20

20

0

20

20

20

45

20

80

40

10

150

20

20

-

-

10000
-

-

10000

-

-

-

-

-

-

-

-

-

-

Table A-22: Video Dynamic RAM Write Cycles
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VAA 13-O
I I

VAB 6-O
- tv16 w

-D t v l  .o- tv2-w. --c, t v 3  4- tv4-w

I tv13 D,

RASN 1-O
4 tv18 D

* tv22 *
T- 7L

\
4 tv21 *
4 tv5 &4

4 tv15 - 4

tv6

tv17
4 tv14 w

CASN 1-O
wtv23 -

7[
-, tv25 *

4 tv7 DO tv8 * l .

tv24--, *

--) t,,27 .* -+ +tv26

OEN 1-O

uv30-,
-tv28 ---w

WTN 7-O

VD 63-O

Figure A-17: Video Dynamic RAM Read Cycles
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E

tvl

tv2

tv3

tv4

tv5

tv6

tv7

tv8

tv13

tv14

tv15

tv16

tv17

tv18

tv2 1

tv22

tv23

tv24

tv25

tv26

tv27

tv28

tv29

tv30

Row address setup time to RASN low

Row address hold time from RASN low

CASN setup time to CASN low

CASN hold time from CASN low

RASN low duration

RASN high duration

RASN to CASN low delay

CASN low duration

Column address hold referenced
to RASN

RASN hold time

CASN hold time

Column address to RASN lead time

CASN to RASN precharge

Random read/write cycle time

Access time from RASN

Access time from column address

DRAM access time from CASN low

OEN to DRAM data output delay

Output buffer turn off time from CASN

Output buffer turn off time from OEN

RASN hold time referenced to OEN

Row command setup

Read command hold time referenced to
RASN

Read command hold time

2t, 2ts 2ts ts 2ts 2ts b+h 0

ts ts ts ts ts ts tl 10

b b th th b th th 0

ts ts ts ts ts ts tl 15

3s 3s 5ts 4ts 4ts 5t, 3ts 80

5ts 3ts 3ts 4ts 3s 3ts t1+2t, 60

ts+th ts+h ts+th ts+th ts+th ts+th ts 20

3s 3ts 5ts 4ts 3s 5ts 3ts 20

&+th &+th &.+th 2ts+th 2ts+th &+&I t1+ts 45

t1+ts

‘tts+th

2ts

3t,+tt

8ts

t1+ts

‘&+th

2ts

ts+t1

6ts

tr+3  ts

&+b

4ts
tl+ts

8ts

tr+2ts

%+th

3ts
tl+2t,

8ts

t1+ts

5 ts+h

3ts

tl+ts

7ts

tr+3  ts

&+b

4s
tl+ts

8t,

2ts

4s

2ts+Ql
tl+ts

t1+5 ts

20

80

40

10

150

80

40

tl tl tt+2ts tl+t, tl+ts tt+2t, ts+th

(5) 2 ts+2q-j (5) (5) 3ts+th (5) (5)

(6) 6ts (6) 6ts 6ts (6) (6)

0 wts 0 tt+4ts tl+4t, 0 0

-

20

0

10

0

Mode (1) VRAM (3)

Min  Max

J

Table A-23: Video Dynamic RAM Read Cycles
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VAA 13-O
OLl

VAB 6-O

b/l+ ctv2* -,tv3*

~co~~~~~~x~

l

4 tv18 l

+,tv4  a-

-tvl3 b

RASN 1-O
1, tv28 * t+

//
\

I +

I I
J J

I t'J5-+tv6+
-till5 w tv32 D I h/14-

f'
CASN 1-O / \

\ /J
I

I I 1 I
0 tv7 ,-tv8--,-tv3W

-tv25

~I"

174

OEN 1-O

VD 63-O

WTN 7-O

I -
tv28

'-tv26

-

tv29

Figure A-18: Video Dynamic RAM Page Read Cycles
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I

I

1

I

1

I

1

I

I

1

I

Yl

N2

Iv3

N4

N5

~6

tv7

tv8

tv13

tv14

tv15

tv16

tv 17

tv18

tv21

tv22

tv23

tv24

tv25

tv26

tv27

tv28

tv29

tv30

tv31

tv32

Row address setup time to RASN low

Row address hold time from RASN low

Column address setup time to CASN low

Column address hold time from CASN low

RASN low duration

RASN high duration

RASN to CASN low delay

CASN low duration

Column address hold referenced to RASN

RASN hold time

CASN hold time

Column address to RASN lead time

CASN to RASN precharge

Random read/write cycle time

Access time from RASN

Access time from column address

DRAM access time from CASN low

OEN to DRAM data output delay

Output buffer turn off time from CASN

Output buffer turn off time from OEN

RASN hold time referenced to OEN

Row command setup

Read command hold time referenced to RASN

Read command hold time

CASN high duration
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Mode (1) (2)

2ts

th

ts

t1+ts

24k

2ts+h

k+th

t1+ts

3ts

t1+ts

3ts

3s

2ts+th

26 ts+th

Ok

3ts

4ts+Ql

4ts+th

ts+th

3k

VRAM (3)

Min Max

0

10

0

15

80

60

20

20

45

20

80

40

10

150

80

40

20

20
-

20

0

10

0

10

-
-

10000

10000

-

-

-

-

-

-

-

-

20

20
-

-

-

I-
-

-50

Table A-24: Video Dynamic RAM Page Read Cycles



A.2.3.5 Video Interface Timing

vidclk 3

cde, blank, even

vsync/,  hsync/

me/ 111 \;u: h i.

Figure A-19: Video Timing (No DUBIC Mode)

vidinf[3:0]

Figure A-20: Power Graphic Video Timing (DUBIC Mode)

-
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vidclkl
+---‘~d3A.
/

k--d++

/ \ /

k-TdlO+

vsync/ hsync/

vgad[61, vaaflll
l Tdl3B

Figure A-21: VGA Mode (Normal) Video Timing

blank/, vsync/,  hsync/
Td4A--

x.

vgad[6:01, vaa[lll

vidrst/

Figure A-22: VGA Mode (Slave) Video Timing

+ Note: In Figures A-21 and A-22, the signal names correspond to the No DUBIC mode signals. See
Table A-25 for the No DUBIC mode signal names.
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Name

Tdl

Td2

,Td3a

Td3b

Tp3c

Td4a

Td4b

Td5

Td6a

Td6b

Td7a

Td7b

Td8

Td9

TdlO

Tdll

Td12

Tdl3a

Tdl3b

Tvpd 1

Tlpd2

Tlpd3

Tlpd4

Tlpd5

Tlpd6

Tvpd7

1

Min. (ns) Max. Comment

6 vidclk HIGH

6 vidclk LOW

15 vidclk cycle (VGA Normal)

66 vidclk cycle (VGA Slave)

40 vidclk cycle (Power Graphic mode)

2 58 vidclk + blank/, vsync/, hsync/ (VGA Slave) (No DUBIC mode)

vidclk + vidinf<2:0> (VGA Slave) (DUBIC mode)

2 30 vidclk + vidinf<3:0>  (Power Graphic mode)

2 58 vidclk + vgad<6:0>, va<l l> (VGA Slave) (No DUBIC mode)

vidclk + vgad<3:0>, oe<4:2>/, va<l l> (VGA Slave) (DUBIC mode)

5 vidrst/  + vidclk (VGA Slave)

5 vidrst/  + vidclk (Power Graphic mode)

30 vidrst/  HOLD + vidclk (VGA Slave)

20 vidrst/  HOLD + vidclk (Power Graphic mode)

6 ldclk HIGH (No DUBIC mode)

vidinf<3> HIGH (DUBIC mode)

6 ldclk LOW (No DUBIC mode)

vidinf<3> LOW (DUBIC mode)

15 ldclk cycle (VGA) (No DUBIC mode)

vidinf<3> cycle (VGA) (DUBIC mode)

0.4 7 ldclk + vsync/, hsync/ (VGA) (No DUBIC mode)

vidinf<3> + vidinf<l:@  (VGA) (DUBIC mode)

-4 1 ldclk + blank/ (VGA) (No DUBIC mode)

vidinf<3> + vidinfc2>  (VGA) (DUBIC mode)

-4 2 ldclk -+ vgad<5:0> (VGA) (No DUBIC mode)

vidinf<3> + vgad<3:0>, oe<4:3>/ (VGA) (DUBIC mode)

-6 4 ldclk + vgad<6>, va<l l> (VGA) (No DUBIC mode)

vidinf<3> + oe<2>/, va<l l> (VGA) (DUBIC mode)

10 vidclk + ldclk

0 7 ldclk + sc<l:O>

2 8 ldclk + smuxsl(1)

1.5 7.5 ldclk + cde, blat&N, even (1)

1.5 7.5 ldclk -+ h[v]sync (1)

0 4 ldclk ==> soeN< :O>

3 19 vidclk -+ h[v]sync, cde, blankN, even

Table A-25: Video Interface Timing Parameter List

(1) External resistance capacitor (RC) network must be added to respect most RAMDAC hold time
constraints (3 ns).

Note:
SOEN<O>  and SOEN<l> are both inactive for at least 1 ldclk cycle when switching between
banks when NODUBIC = ‘01’.

-

-
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A.3 Mechanical Specification

ATHENA PQFP 240.Pin
(Plastic Quad Flat Pack)

Square/Gull Wing

1.374 (34.9)
- 1 . 3 5 0  ( 3 4 . 3 )

b

4
1.268 (32.2)
1.252 (31.8)

,

I
I
I
I
I

I

I

I

I

I

I

I

I

I

I

I A-

No,ofpinsoneachside:60  e s - . - . . -

* . - . * -
, * . e**-.*\ \,I \ \< L . 1

\-. ii.  - . - . - . - . . - . -. . - . -. . - . - . - . - . . - . -. . - ;. -J
p. / betail  B

-.a..-* \ *. P-..-*

Ma trox Confidential

Index Mark

J
0

LEG& Maximum Inches (millimeters)
Minimum Inches (millimeters)

Figure A-23: ATHENA Mechanical Drawing

g$

n
I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

3
n

6 1
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Detail A

(Note 2) -4 I_- 0.020 (0.50) Typ.

Detail B

I-C-

O. 150 (3.80) Max.

(Note  ‘)0.004  (0.1)
4 0.059 (150)

0.043 (1 .lO)

LEGEND: Maximum Inches (millimeters)
Minimum Inches (millimeters)

Notes:
1. Co-planarity of all leads shall be within OJ mm (0.004 in.). This is the difference

between the highest and lowest lead with seating plane -C- as reference,
2. Lead pitch determined at datum -D-.

Figure A-24: ATHENA Mechanical Drawing (Details)
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Appendix B: Customer Support

This appendix provides instructions on how to contact Matrox Customer
support.



B.1 Customer Support
-

9 If you have a problem or question that isn’t explained in this manual, you can contact the Customer
Support Group at Matrox. Our phone numbers are:

9 Outside the U.S. and Canada: (514) 6852630

n FAX: (514) 6852853

n You may address your technical support questions via electronic mail by posting a message to:

GRAPH-TS@iVATROX.COM

H You may also write to us at the following address:

Matrox Graphics Inc.
Customer Support
1055 St. Regis Blvd.
Dorval, Quebec
Canada H9P 2T4

-
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Power Graphic Mode Registers

-

ADRGEN ........... Address Generator .......................... .5-45
AR0 .................... Multi-purpose address register 0 .... .5-26
AR1 .................... Multi-purpose address register 1 ... ..5-2 7
AR2 .................... Multi-purpose address register 2 ... ..5-2 7
AR3 .................... Multi-purpose address register 3 ... ..5-2 8
AR4 .................... Multi-purpose address register 4 ... ..5-2 8
AR5 .................... Multi-purpose address register 5 ... ..5-2 9
AR6 .................... Multi-purpose address register 6 ... ..5-2 9
BCOL ................. Background Color ............................ 5-20
BYTACCDATA . Byte Accumulator Data .................. .5-45
CLASS ............... Class Code ........................................ .5-6
CONFIG.. ........... Configuration ................................... 5-52
CRTC-CTRL.. ... CRTC Control .................................. 5-61
CXLEFT ............. Clipper X minimum boundary.. ...... .5-33
CXRIGHT .......... Clipper X maximum boundary ....... .5-34
DEVCTRL ......... Device Control ................................... 5-5
DEVID ............... Device ID .......................................... .5-4
DRO .................... Data ALU register 0.. ...................... .5-36
DRl .................... Data ALU register 1 ........................ .5-36
DR2 .................... Data ALU register 2.. ...................... .5-37
DR3 .................... Data ALU register 3.. ...................... .5-37
DR4 .................... Data ALU register 4.. ...................... .5-38
DR5 .................... Data ALU register 5.. ...................... .5-38
DR6 .................... Data ALU register 6 ....................... .5-39
DR7 .................... Data ALU register 7 ....................... .5-39
DR8 .................... Data ALU register 8.. ...................... .5-40
DR9 .................... Data ALU register 9.. ...................... .5-40
DRlO ................. Data ALU register 10.. .................... .5-4  1
DRll ................. Data ALU register 11 ...................... .5-41
DR12 ................. Data ALU register 12.. .................... .5-42
DR13 ................. Data ALU register 13.. .................... .5-42
DR14 ................. Data ALU register 14.. .................... .5-43
DR15 ................. Data ALU register 15.. .................... .5-43
DSTl-0.. ............. Destination in.. ................................ .5- 17
DWGCTL .......... Drawing control register.. ............... .5- 10

FCOL ................. Foreground color/Background
............................ Z value ............................................ .5-20
FIFOSTATUS.. ... BUS FIFO status register.. .............. .5-46
FXLEFT ............. X address register (left). .................. .5-34
FXRIGHT .......... X address register (right) ................ .5-35
HEADER ............ Header ................................................ 5-6
ICLEAR ............. Interrupt Clear register.. .................. .5-48
IEN ..................... Interrupt Enable register ................. .5-48
INTCTRL.. ......... Interrupt Control ................................ 5-8
INTSTS .............. Interrupt Status ................................. 5-49
LEN .................... Length ............................................. .5-26
MACCESS ......... Memory access register ................. .5- 15
MCTLWTST ...... Memory control wait state.. ............ .5-16
OPMODE.. ......... Operating mode............................... .5-57
OPTION ............. Option ................................................ 5-9
PITCH ................ Memory pitch ................................... 5-30
PLNWT .............. Plane write mask .............................. 5-19
REV.. .................. Revision ........................................... 5-51
ROMBASE ........ ROM Base Address ............................ 5-7
RST.. ................... Reset ................................................. 5-49
SGN .................... Sign .................................................. 5-25
SHIFT.. ............... Funnel shifter control.. .................... .5-24
SRCO,SRCl, SRC2, SRC3
............................ Source register ................................ .5-2  1
STATUS.. ............ Status register.. ................................ .5-47
TERMBASE ...... Terminator Base Address .................. .5-7
TEST ................. Test ................................................... 5-50
VRAMPAGE ...... VRAM Page ..................................... 5-44
XDST ................. X Destination address register.. ...... .5-35
XYEND .............. X Y end address .............................. .5-23
XYSTRT ............ X Y start address ............................. .5-22
YBOT.. ............... Clipper Y maximum boundary ....... .5-33
YDST ................. Y address register.. .......................... .5-3  1
YDSTORG ......... Memory origin.. .............................. .5-32
YTOP ................. Clipper Y top boundary .................. .5-32
ZMSK.. ............... Z mask control register ................... .5- 18



Power Graphic Mode Register Fields

200MHz<2> ............................. 5-53
abacc28> ................................. .5- 13
above 1 megcl2> R/(W). ...........5-54
addrgendatac3 1: O> .................. .5-45
addrgenstatec29:24> ............... .5-46
aforc27> ................................... 5-13
alphaditc24> ............................ 5-12
alw c2>. ................................... .5-61
arOcl7:0> ................................. 5-26
arl c23:0> ................................ .5-27
ar2<17:0> ................................ .5-27
ar3<23:0> ................................ .5-28
ar4<17:0> ................................. 5-28
ar5<17:0> ................................ .5-29
at&l 7:0> ................................. 5-29
athena idc3 1:7>. ...................... .5-5  1
atypec5:4> ................................ 5-10
backcolc3 1 :O> .......................... 5-20
backzcl5:0>. ........................... .5-20
bemptyc9>. .............................. .5-46
bferriclrcO> .............................. 5-48
bferriencO> .............................. .5-48
bferristscO> ............................. .5-47
bfullc8>. .................................. .5-46
biosenc9>  R/W ....................... .5-54
blockmc6>. .............................. .5- 11
bltmodc26:25>. ....................... .5-  12
bopc19:16> ............................. .5-11
byteaccaddrc22: 16>. ............... .5-46
byteaccdatac3 1 :O> .................. .5-45
byteflagcll:8> ........................ .5-47
chiprevc6:0> ............................ 5-5 1
class<3  1:9>. ............................... .5-6
configcl :OAUW.. .................... .5-52
crtcbppcl:O> ........................... .5-61
cxleftc 12:0> ............................ .5-33
cxrightcl2:0>. ......................... .5-34
cybotc26:0>. ............................ .5-33
cytopc26:0>. ............................ .5-32
device<3 1: 16>. .......................... .5-4
devseltim Rc26:25>. ................ .5-5
dmaactcl>  R/W ...................... .5-57
dmamodc3:2>  R/W.. ............... .5-57
dmatciclrc l> ........................... .5-48
dmatcienc 1 > ............................ .5-48
dmatcistsc l> ........................... .5-47
drOc3  1 :O> ................................ .5-36
drlc31:0>. ............................... .5-36
dr2c3  1 :O> ............................... .5-37
dr3c3  1 :O> ............................... .5-37
dr4 c23:0> .............................. .5-38
dr5 c23:0> ............................. .5-38
dr6 c23:0> .............................. .5-39
dr7 c23:0> .............................. .5-39

dr8 c23:0> ............................... 5-40
dr9 <23:0> ............................... 5-40
drl0 c23:0> ............................ .5-41
drll c23:0> .............................. 5-41
dr12 c23:0> ............................. 5-42
dr13 c23:0> ............................. 5-42
dr14 c23:0> ............................. 5-43
dr15 c23:0> ............................. 5-43
driverdy<8> RO.. .................... ..5-5 3
dsti0<31:O>dsti1<63:32> .........5-17
dwgengstscl6>. ....................... .5-47
expdevcl6> R/W.. ................... .5-55
fbcc3:2> ................................... 5-15
fbmc23:20>  R/W .................... .5-59
fifcntc25:22>. .......................... .5-24
fifocountc5:0> .......................... 5-46
forcolc3 1 :O> ............................ .5-20
funcnt c6:0>. ............................ .5-24
funoffc2 1: 16> ........................... 5-24
fxleftcl5:0> .............................. 5-34
fxrightcl5:0>. .......................... .5-35
hbgr <27>. ............................... .5-13
hcprsc28> ................................ 5-14
headerc23: 16> ........................... .5-6
hrstenc6> .................................. 5-62
hyperpgc25:24>  RN.. ............ .5-59
interlace c4:3>. ........................ .5-61
intline R/Wc7:0>. ..................... .5-8
intpin R<15:8>. ........................ .5-8
iospace R/WcO> ........................ .5-5
isac28>  R/(W) ........................ .5-56
iyc12:0> .................................... 5-30
length cl 5:0>. .......................... .5-26
levelirq cl l> R/W.. ................. .5-54
linearc7> ................................... 5-l 1
mapselc26:24>  W(W) ............ ..5-5 5
mctlwtstc31:0> ....................... .5-16
memspace R/W cl> .................. .5-5
miscc3>RlW ............................ .5-53
mouseenc8> R/W.. .................. .5-58
mousemapc9>  R/W.. .............. ..5-5 8
newyc24> ............................... ..5- 3 1
nowaitc4> R/W ...................... .5-57
opcodc3:0>. ............................. .5-10
patternc29>. ............................. .5-14
pcic27>  R/(W) ........................ .5-55
pickiclrc2>. .............................. .5-48
pickienc2> ............................... .5-48
pickistsc2>. .............................. .5-47
plnwrmsk c31:0>. .................... .5-19
plnzmskc7:4>. ......................... .5-18
pseudodmacO> R/W ............... ..5-5 7
pwidthcl:O>. ............................ .5-15
ramtestcl> R/(W). ................... .5-50

revisionc8:0>. ............................ .5-6
rfhcntcl9:  16> R/W ................. .5-59
robitwrenc8> RO.. ................... .5-50
rombasec3 1: 15> ........................ .5-7
romencO>. .................................. .5-7
scanleftcO>................................ 5-25
sdxlcl> ..................................... 5-25
sdxrc5> .................................... .5-25
sdy c2> ..................................... 5-25
sdydxlcb ................................. 5-25
sellinc3 1:29> ........................... .5-3 1
softresetcO> ............................. .5-49
spagec26:24> ............................ 5-28
speedcl:O>. ................................ .5-9
srcregcl27:0> ........................... 5-21
srcylinc23:0> ............................ 5-44
stylelenc22: 16> ....................... .5-24
termbasec3 1: 14> ....................... .5-7
testwrenc9>  RO ...................... .5-50
tram c26>R/W ........................ .5-60
transc23:20> ............................. 5-11
transcc30> ............................... .5-14
vendorcl5:0> ............................ ..5 -4
vesafeat c8>. ............................ .5-62
vgabankOc1  l> R/W.. ............... .5-59
vgaencl O> R/W.. ..................... .5-54
vgasnoop R/Wc5>. ................... ..5-  5
vgatestcO>  R/(W) .................... .5-50
videodelaycl0,9,5> ................. .5-61
vrsten c7> ................................. 5-62
vsyncienc3>. ............................ .5-48
vsyncstsc3> .............................. 5-47
waitcycle Rc7> .......................... 5-5
xdstcl5:0>. .............................. .5-35
x_endcl5:0> ............................. 5-23
x_offc3:0> ............................... .5-24
x_startcl5:0>. .......................... .5-22
ydstc23:0> ............................... .5-3 1
ydstorgc26:0> ...................... 5-32
ylin cl 5>. ................................. .5-30
y-end<3 1: 16> ........................... 5-23
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