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6.6.8 Video Downscaling

6.6.8.1 DC Video Downscaling Delta (DC_VID_DS_DELTA)
DC Memory Offset 080h

Type R/W

Reset Value 00000000h

This register is provided to allow downscaling of the video overlay image by selective skipping of source lines. A DDA
engine is used to identify lines to be skipped according to the following algorithm:

At vertical retrace:

PHASE = 0; // clear PHASE initially

skip_flag = 0; // never skip the first line

linenum = 0; // point to first line

For each line of video: send_video_line(linenum); // send line to DF

linenum++ // increment to next line

{skip_flag, PHASE} = PHASE + DELTA; // skip_flag is carry from add

if (skip_flag) linenum = linenum + 1 // skip an additional line if flag was set
else linenum = linenum // otherwise, just skip n lines

DC_VID_DS_DELTA Register Map
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
DELTA RSVD RSVD VSYNC_SHIFT

VSYNC_SHIFT_EN

DC_VID_DS_DELTA Bit Descriptions

Bit Name Description

31:18 | DELTA Delta. A 0.14 fixed-point fraction used as the delta value for the DDA engine that calcu-
lates which video lines to skip for video downscaling. This register is enabled when the
VDSE bitin DC_GENERAL_CFG is set (DC Memory Offset 004h[19] = 1).

17:16 RSVD Reserved.
15 VSYNC_SHIFT_ | VSYNC Shift Enable. When this bit is set, the VSYNC output is delayed during even
EN fields in interlaced modes. The amount of delay is defined in VSYNC_SHIFT (bits [11:0]).
14:12 RSVD Reserved.

11:0 | VSYNC_SHIFT | vSYNC Shift. When VSYNC_SHIFT_EN is set (bit 15 = 1), this field determines the
number of dot clocks of delay that is inserted on VSYNC during even fields in interlaced
modes.

The value to program into DC_VID_DS_DELTA is calculated as follows:
parms: DWORD ORIGINAL_LINES = full size image line count
DWORD SCALED_LINES = line count of scaled image equation:
DWORD DC_VID_DS_DELTA = ((ORIGINAL_LINES << 14) / SCALED_LINES) << 18;

Note: The scaling algorithm is only intended to work for ratios from 1 down to 1/2. The equation above clips the value to
the 14 bits of accuracy in the hardware. The equation could be modified to allow for higher bits in the future by
changing the 14-bit and 18-bit shift values. The only requirement is that the sum of the shift values be 32.
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6.6.9 GLIU Control Registers

6.6.9.1 DC GLIUO Memory Offset (DC_GLIUO_MEM_OFFSET)
DC Memory Offset 084h

Type R/W

Reset Value 00000000h

This register is used to set a base address for the graphics memory region. The value in this register is added to all outgo-
ing memory addresses. Because the base address must be aligned to a 16 MB region, only bits [31:24] of this register are
used.

DC_GLIUO_MEM_OFFSET Register Map
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
GLIUO_MEM_OFFSET RSVD DV_RAM_AD

DC_GLIUO_MEM_OFFSET Bit Descriptions

Bit Name Description
31:20 | GLIUO_ GLIUO Memory Offset. Base address (1 MB aligned) for the graphics memory region.
MEM_OFFSET This value is added to all outgoing memory addresses.
19:11 RSVD Reserved. Equal to 0.

10:0 DV_RAM_AD DV RAM Address. This value is used to allow direct software access to the Dirty/Valid
(DV) RAM. The address must be written in this location before reading or writing the DV
RAM Access Register (DC Memory Offset 08Ch).

6.6.9.2 DC Dirty/Valid RAM Control (DC_DV_CTL)
DC Memory Offset 088h

Type R/W

Reset Value 00000000h

DC_DV_CTL Register Map
31‘30‘29|28‘27‘26|25‘24‘23|22‘21‘20|19‘18‘17|16‘15‘14‘13|12 11‘10
DV Address Offset

©
-]
-

7‘6‘5|4|3‘2
RSVD

E

DV_RANGE

DV_MASK

DV_LINE_SIZ

CLEAR_DV_RAM| o

DV_CTL Bit Descriptions

Bit Name Description

31:12 DV Address DV Address Offset. When the DV RAM observes memory transactions, the

Offset addresses correspond to memory controller device address space. However, the DV
RAM is organized based on the internal DC device address space. To account for this,
the value indicated by this field is shifted to correspond to address bits [31:12], and
then subtracted from memory addresses before determining an offset into the DV
RAM. When programming the value in this field, software must calculate the sum of the
GLIUO_MEM_OFFSET (DC Memory Offset 084h[31:24] and the appropriate Physical-
to-Device descriptor(s) in GLIUO.
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DV_CTL Bit Descriptions (Continued)

Bit Name Description

11:10 DV_LINE_SIZE DV Line Size. This field determines how many bytes of frame buffer space correspond
to an entry in the DV RAM. The value selected by this field must be greater than or
equal to the FB_LINE_SIZE, as programmed in the DC_LINE_SIZE register (DC Mem-
ory Offset 030h[9:0]).

00: 1024 (256 QWORDSs)
01: 2048 (512 QWORDSs)
10: 4096 (1024 QWORDS)
11: 8192 (2048 QWORDSs)

9:8 DV_RANGE DV Range. The value selected by this field is an upper bound of the number of entries
used in the DV RAM. By setting this value to a number less than the maximum (2048),
there is a potential savings in power, since the DV RAM will not be accessed for lines
that may be just above the frame buffer space.

00: 2048 lines
01: 512 lines

10: 1024 lines
11: 1536 lines

7:2 RSVD Reserved. Set to 0.

1 DV_MASK DV MASK. While this bit is set, the DV RAM controller does not monitor writes to mem-
ory; no DIRTY bits will be set in response to memory activity. When this bit is cleared,
the DV RAM behaves normally.

0 CLEAR_DV_RAM | Clear DV RAM. Writing a 1 to this bit causes the contents of the DV RAM to be cleared
(i.e., every entry is set to dirty and invalid). This process requires approximately 2050
GLIUO clocks. This bit may be read to determine if this clear operation is underway (1)
or completed (0). Writing a 0 to this bit has no effect.

6.6.9.3 DC Dirty/Valid RAM Access (DC_DV_ACCESS)
DC Memory Offset 08Ch

Type R/W

Reset Value 0000000xh

DC_DV_ACCESS Register Map

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|10
a >
RSVD 5 'E
<>(I 5\
8|3
DC_DV_ACCESS Bit Descriptions
Bit Name Description
31:2 RSVD Reserved. Set to 0.
1 DV_VALID DV Valid. Writes to this register place the value of this bit into the “valid” entry of the DV

RAM. Reads return the value of the “valid” entry. The DV RAM Address is determined by
the value in DV_RAM_AD (DC Memory Offset 084h[10:0]).

0 DV_DIRTY DV Dirty. Writes to this register will place the value of this bit into the “dirty” entry of the
dirty/valid RAM. Reads will return the value of the “dirty” entry. The DV RAM Address is
determined by the value in DV_RAM_AD (DC Memory Offset 084h[10:0]).
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6.6.10 Graphics Scaling Control Registers

6.6.10.1 DC Graphics Filter Scale (DC_GFX_SCALE)
DC Memory Offset 090h

Type R/W

Reset Value 40004000h

DC_GFX_SCALE Register Map
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
V_SCALE H_SCALE

DC_GFX_SCALE Bit Descriptions

Bit Name Description

31:16 V_SCALE Vertical Filter Scale. The value in this field, represents the number of vertical lines of
source data that are consumed for every line of filtered data produced by the scaler filter.
This field is treated as a rational number, with the decimal point between bits 30 and 29.
To determine the value to be programmed into this field, use the following formula:

V_SCALE = (V_SOURCE / (V_DEST-1)) << 14

Where V_SOURCE is the height (in scan lines) of the frame buffer and V_DEST is the
height (in scan lines) of the destination field.

The default value of this field (4000h) represents 1:1 scaling. This value must be pro-
grammed when the vertical filter is disabled.

The value in this field must not exceed 8000h, which represents a 2:1 downscale ratio. If
the width of the source image is more than 1024 pixels, scaling is not supported.

15:0 H_SCALE Horizontal Filter Scale. The value in this field, represents the number of (horizontal) pix-
els of source data that are consumed for every pixel of data produced by the scaler filter.

This field is treated as a rational number, with the decimal point between bits 14 and 13.

To determine the value to be programmed into this field, use the following formula:

H_SCALE = (H_SOURCE/(H_DEST-1)) << 14

Where H_SOURCE is the width (in pixels) of the frame buffer and H_DEST is the width
(in pixels) of the destination image.

The default value of this field (4000h) represents 1:1 scaling. This value must be pro-
grammed when the horizontal filter is disabled.

The value in this field must never exceed 8000h, which represents a 2:1 horizontal down-
scale. If the width of the source image is greater than 1024 pixels, scaling is not sup-
ported.
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6.6.10.2 DC IRQ/Filter Control (DC_IRQ_FILT_CTL)
DC Memory Offset 094h

Type R/W
Reset Value 00000000h
DC_IRQ_FILT_CTL Register Map
3130|2928 |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
g LINE_COUNT RSVD FILT_ADDR
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DC_IRQ_FILT_CTL Bit Descriptions
Bit Name Description
31 RSVD Reserved.

30:29 | LINEBUF_SEL Line Buffer Select. When LINEBUF_REG_EN[0] is set (bit 9 = 1), the coefficient RAM
address bits (FILT_ADDR, bits [7:0) and the Filter Coefficient Data registers (DC Memory
Offset 098h and 09Ch) can be used to read and write the line buffer or flicker filter RAMs.
This field selects which of the three line buffer RAMS (or two flicker filter RAMSs) is to be

accessed.
28 INTERLACE_ Interlace Addressing. This bit indicates whether each field should be vertically deci-
ADDRESSING mated when interlacing. If this bit is set, each field of the interlaced frame will include

every other line of the original (unscaled) frame buffer image. The flicker filter and scaler
filter should both be disabled if this bit is set.

27 RSVD Reserved.

26:16 | LINE_COUNT Interrupt Line Count. This value determines which scan line will trigger a line count
interrupt. When the DC’s display engine reaches the line number determined by this
value, it will assert an interrupt if IRQ_MASK is cleared (DC Memory Offset 0C8h[0] = 0).

15 RSVD Reserved.

14 ALPHA_FILT_ Alpha Filter Enable. Settings written to this field will not take effect until the start of the
ENA following frame or interlaced field.

Setting this bit to 1 enables the scaler filter for the alpha channel. This filter is provided to
support scaling and interlacing of graphics data. If the graphics filter is disabled or this bit
is cleared, the alpha channel is not filtered; a nearest-neighbor mechanism is used
instead. This can provide cleaner transitions between regions with significantly different

alpha values.
13 RSVD Reserved.
12 FILT_ENA Graphics Filter Enable. Settings written to this field will not take effect until the start of

the following frame or interlaced field.

Setting this bit to 1 enables the graphics scaler filter; This filter is provided to support
scaling and interlacing of graphics data.
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DC_IRQ_FILT_CTL Bit Descriptions (Continued)

Bit Name Description

11 INTL_EN Interlace Enable. Settings written to this field will not take effect until the start of the fol-
lowing frame or interlaced field.

Setting this bit to 1 configures the output to interlaced mode. In this mode, the vertical
timings are based on the even timing registers for every other field. This bit must be set if
the flicker filter or address interlacing is enabled.

When using the VGA and interlacing, the scaler must also be used (i.e., bit 12 of this reg-
ister must be set).

10 H_FILT_SEL Horizontal Filter Select. Setting this bit to 1 allows access to the horizontal filter coeffi-
cients via this register and the Filter Data Registers (DC Memory Offset 098h and 09Ch).
When this bit is cleared, the vertical filter coefficients are accessed instead.

9:8 RSVD Reserved.

7:0 FILT_ADDR Filter Coefficient Address. This indicates which filter location is accessed through
reads and writes of the DC Filter Coefficient Data Register 1 (DC Memory Offset 098h).

6.6.10.3 DC Filter Coefficient Data Register 1 (DC_FILT_COEFF1)
DC Memory Offset 098h

Type R/W

Reset Value XXXXXXXXh

Any read or write of this register causes a read or write of the horizontal or filter coefficient RAM. If this occurs while the dis-
play is active, improper filtering of an output pixel can occur, which may cause temporary visual artifacts (speckling). To
avoid this, either disable the display or avoid accessing this register unless during vertical blank.

DC_FILT_COEFF1 Register Map
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
RSVD TAP3 TAP2 TAP1

DC_ FILT_COEFF1 Bit Descriptions

Bit Name Description
31:30 RSVD Reserved. Set to 0.
29:20 | TAP3 Tap 3 Coefficient. This coefficient is used for the third tap in the filter (the lower tap of

the vertical filter or the center tap of the horizontal filter). Each of the four components of
the pixel color (Red, Green, Blue, and Alpha, if available) is expanded to 8 bits and then
multiplied by this value before being summed with the weighted results of the other filter
taps.

19:10 | TAP2 Tap 2 Coefficient. This coefficient is used for the second tap in the filter (the center tap
of the vertical filter or the second tap from the left in the horizontal filter).

9:0 TAP1 Tap 1 Coefficient. This coefficient is used for the first tap in the filter (the upper tap of the
vertical filter or the leftmost tap of the horizontal filter).
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6.6.10.4 DC Filter Coefficient Data Register 2 (DC_FILT_COEFF2)
DC Memory Offset 09Ch

Type R/W

Reset Value XXXXXXXXh

Any read or write of this register causes a read or write of the horizontal or filter coefficient RAM. If this occurs while the dis-
play is active, improper filtering of an output pixel can occur, which may cause temporary visual artifacts (speckling). To
avoid this, either disable the display or avoid accessing this register unless during vertical blank.

DC_FILT_COEFF2 Register Map
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
RSVD TAP5 TAP4

DC_FILT_COEFF2 Bit Descriptions

Bit Name Description
31:20 RSVD Reserved. Set to 0. This field is used only when reading or writing the Line Buffer Regis-
ter.
19:10 | TAP5 Tap 5 Coefficient. This coefficient is used for the fifth tap (rightmost) in the horizontal fil-
ter.
9:0 TAP4 Tap 4 Coefficient. This coefficient is used for the fourth tap (second from the right) in the
horizontal filter.

6.6.11 VBI Control Registers

6.6.11.1 DC VBI Even Control (DC_VBI_EVEN_CTL)
DC Memory Offset 0AOh

Type R/W

Reset Value XXXXXXXXh

Settings written to this register do not take effect until the start of the following frame or interlaced field.

DC_VBI_EVEN_CTL Register Map

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
P
,_u‘ o la <z( VBI_EVEN_OFFSET 0
% M W,
D@ |=
A
>
DC_VBI_EVEN_CTL Bit Descriptions
Bit Name Description
31 VBI_SIG_EN VBI Signature Enable. This bit allows the CRC engine at the output of the DC to be
used to check VBI data instead of graphics data. When this bit is set, the CRC is gener-
ated based only on VBI data; when cleared, only graphics data is used for the CRC cal-
culation.
30 VBI_16 VBI 16-bit Enable. When set, VBI data is sent 16 bits per Dot clock. When clear, VBI
data is sent 8 bits per Dot clock.
29 VBI_UP VBI Upscale. When set, the VBI data is upscaled by 2. This is accomplished by repeat-
ing data twice.
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DC_VBI_EVEN_CTL Bit Descriptions (Continued)

Bit Name Description
28 VBI_ENA VBI Enable. Setting this bit to 1 enables VBI (Vertical Blank Interrupt) data. This is a data
stream that is placed in the off-screen region at the start of each field. This data is passed
through the graphics output path, but is not filtered or modified in any way.
27:0 VBI_EVEN_ VBI Even Address Offset. Indicates the starting offset for VBI data for even fields. This
OFFSET address must be QWORD aligned; the low three bits are always 0. If interlacing is dis-
abled, this offset is used for VBI data.

6.6.11.2 DC VBI Odd Control (DC_VBI_ODD_CTL)

DC Memory

Type
Reset Value

Offset 0A4h
R/W

XXXXXXXXh

Settings written to this register do not take effect until the start of the following frame or interlaced field.

DC_VBI_ODD_CTL Register Map

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
RSVD VBI_ODD_OFFSET 0
DC_VBI_ODD_CTL Bit Descriptions
Bit Name Description

31:28 | RSVD Reserved. Set to 0.
27:0 VBI_ODD_ VBI Odd Address Offset. Indicates the starting offset for VBI data for odd fields. This
OFFSET address must be QWORD aligned; the low three bits are always 0. If interlacing is dis-

abled, the even offset is used for VBI data.

6.6.11.3 DC VBI Horizontal Control (DC_VBI_HOR)

DC Memory

Type
Reset Value

Offset 0A8h
R/W

XXXXXXXXh

Settings written to this register do not take effect until the start of the following frame or interlaced field.

DC_VBI_HOR Register Map

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
RSVD VBI_H_END RSVD VBI_H_START
DC_VBI_HOR Bit Descriptions
Bit Name Description

31:28 | RSVD Reserved. Set to 0.

27:16 VBI_H_END VBI Horizontal End. Specifies the horizontal end position for VBI data minus 1 pixel.
15:12 | RSVD Reserved. Set to 0.

11:0 VBI_H_START VBI Horizontal Start. Specifies the horizontal start position for VBI data minus 1 pixel.
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6.6.11.4 DC VBI Odd Line Enable (DC_VBI_LN_ODD)
DC Memory Offset 0ACh

Type R/W

Reset Value XXXXXXXXh

Settings written to this register do not take effect until the start of the following frame or interlaced field.

DC_VBI_LN_ODD Register Map
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 ‘ 201 ‘ 0
LN_OFFSET_ODD LN_EN_ODD RSVD

DC_VBI_LN_ODD Bit Descriptions

Bit Name Description
31:25 | LN_OFFSET_ 0Odd Line Offset. Specifies the offset (in lines) of the start of VBI data from the initial
ODD edge of VSYNC. This field is not used if interlacing is disabled. This field must be set to a

value of 126 or less.

24:2 LN_EN_ODD Odd Line Enable. Each of the bits in this field corresponds to a line (24-2) of VBI data.
Setting a bit in this field to 1 enables the corresponding line of VBI data in the odd field.
This field is not used if interlacing is disabled.

1:0 RSVD Reserved. Set to 0.

6.6.11.5 DC VBI Even Line Enable (DC_VBI_LN_EVEN)

DC Memory Offset 0BOh
Type R/W
Reset Value XXXXXXXXh

Settings written to this register do not take effect until the start of the following frame or interlaced field.

DC_VBI_LN_EVEN Register Map
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
LN_OFFSET_EVEN LN_EN_EVEN RSVD

DC_VBI_LN_EVEN Bit Descriptions

Bit Name Description
31:25 LN_OFFSET_ Even Line Offset. Specifies the offset (in lines) of the start of VBI data from the initial
EVEN edge of VSYNC. This field is used for all frames if interlacing is disabled. This field must

be set to a value of 126 or less.

24:2 LN_EN_EVEN Even Line Enable. Each of the bits in this field corresponds to a line (24-2) of VBI data.
Setting a bit in this field to 1 enables the corresponding line of VBI data in the even field.
This field is used for all frames if interlacing is disabled.

1:0 RSVD Reserved. Set to 0.
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6.6.11.6 DC VBI Pitch and Size (DC_VBI_PITCH)
DC Memory Offset 0B4h

Type R/W

Reset Value XXXXXXXXh

DC_VBI_PITCH Register Map
31‘30‘29|28‘27‘26 25‘24‘23|22‘21‘20|19‘18‘17|16 15‘14‘13|12‘11‘1o‘ 9 | 8 ‘ 7 ‘ 6 ‘ 5 | 4 | 3 ‘ 2 ‘ 1 ‘ 0
RSVD VBI_Size VBI_Pitch

DC_VBI_PITCH Bit Descriptions

Bit Name Description
31:26 RSVD Reserved. Set to 0.
25:16 | VBI_SIZE VBI Data Size. Indicates how many QWORDs of data to fetch from memory for each line
of VBI
15:0 VBI_PITCH VBI Data Pitch. Indicates how many QWORDs of memory space to increment when
moving from the start of one active VBI line to the start of the next.

6.6.12 Color Key Control Registers

6.6.12.1 DC Color Key (DC_CLR_KEY)

DC Memory Offset 0B8h
Type R/W
Reset Value 00000000h

DC_CLR_KEY Register Map

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
RSVD & CLR_KEY
>_I
L
xI
aey
-
o
DC_CLR_KEY Bit Descriptions
Bit Name Description
31:25 | RSVD Reserved. Set to 0.

24 CLR_KEY_EN Color Key Enable. This bit enables color key detection in the DC. When this bit is set,
the DC adjusts the alpha value of pixels whose 24-bit RGB values match the value in
CLR_KEY (bits [23:0]). A mask is also provided in CLR_KEY_MASK (DC Memory Offset
0BCh[23:0]) to indicate which bits can be ignored when performing this match. Color key
detection is performed after the data has been decompressed and the cursor has been
overlayed, but before scaling and filtering take place.

23:.0 CLR_KEY Color Key. This field represents the RGB value that will be compared to DC pixels when
performing color key detection.
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6.6.12.2 DC Color Key Mask (DC_CLR_KEY_MASK)
DC Memory Offset 0BCh

Type R/W

Reset Value 00xxxxxxh

DC_CLR_KEY_MASK Register Map
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
RSVD CLR_KEY_MASK

DC_CLR_KEY_MASK Bit Descriptions

Bit Name Description
31:24 RSVD Reserved. Set to 0.
23:0 CLR_KEY_ Color Key Mask. This field is ANDed with both the pixel and the color key value (in
MASK DC_CLR_KEY, DC Memory Offset 0B8h[23:0]) before comparing the values. This allows
the value of some bits to be ignored when performing the match.

6.6.12.3 DC Color Key Horizontal Position (DC_CLR_KEY_X)
DC Memory Offset 0COh

Type R/W

Reset Value 00000000h

Settings written to this register do not take effect until the start of the following frame or interlaced field.

DC_CLR_KEY_X Register Map
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
RSVD CLR_KEY_X_END RSVD CLR_KEY_X_START

DC_CLR_KEY_X Bit Descriptions

Bit Name Description

31:27 | RSVD Reserved. Set to 0.

26:16 | CLR_KEY_X_ Color Key Horizontal End. This field indicates the horizontal end position of the color
END key region minus 1.This represents the first pixel past the end of the color key region.

This field is 0-based; the upper left pixel of the screen is represented by (0,0).

15:11 RSVD Reserved. Set to 0.

10:0 CLR_KEY_X_ Color Key Horizontal Start. This field represents the horizontal start position of the color
START key region minus 1. This represents the first pixel within the color key region.

6.6.12.4 DC Color Key Vertical Position (DC_CLR_KEY_Y)
DC Memory Offset 0C4h

Type R/W

Reset Value 00000000h

Settings written to this register do not take effect until the start of the following frame or interlaced field.

DC_CLR_KEY_Y Register Map
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
RSVD CLR_KEY_Y_END RSVD CLR_KEY_Y_START
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DC_CLR_KEY_Y Bit Descriptions

Bit Name Description
31:27 | RSVD Reserved. Set to 0.
26:16 | CLR_KEY_Y_ Color Key Vertical End. This field represents the vertical end position of the color key
END region minus 1. This represents the first line past the end of the color key region.
15:11 RSVD Reserved. Set to 0.
10:0 CLR_KEY_Y_ Color Key Vertical Start. This field represents the vertical start position of the color key
START region minus 1. This represents the first line within the color key region.

6.6.12.5 DC Interrupt (DC_IRQ)

DC Memory

Type
Reset Value

Offset 0C8h
R/W

00000003h

DC_IRQ Register Map

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
RSVD RSVD &
<
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DC_IRQ Bit Descriptions
Bit Name Description
31:18 RSVD Reserved. Set to 0.
17 VIP_VSYNC_ VIP VSYNC Loss IRQ. If set to 1, this field indicates that while GenLock was enabled,
LOSS_IRQ GenLock timeout was enabled, and the DC reached the end of a frame and detected
VIP_VIDEO_OK (DC Memory Offset D4h[23]) inactive. As a result of this condition, the
DC began display of a field/frame based on its own timings.

16 IRQ IRQ Status. If set to 1, this field indicates that the vertical counter has reached the value
set in the IRQ/Filter Control Register. The state of the IRQ_MASK, bit 0, will not prevent
this bit from being set. To clear the interrupt, write a 1 to this bit.

15:2 RSVD Reserved. Set to 0.
1 VIP_VSYNC_ VIP VSYNC Loss IRQ Mask. Masks generation of an interrupt in the event that the DC
LOSS_IRQ_ reaches the end of a frame with GenLock enabled and GenLock timeout enabled and
MASK determines that the VIP_VIDEO_OK (DC Memory Offset D4h[23]) input is inactive.

0 IRQ_MASK IRQ Mask. Setting this bit to 1 prevents the Display Controller from generating an inter-
rupt signal when the vertical counter reaches the value programmed in
DC_IRQ_FILT_CTL (DC Memory Offset 094h). Clearing this bit disables interrupt gener-
ation, but will NOT prevent IRQ, bit 16, from being set.
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6.6.13

6.6.13.1

DC Memory Offset 0D4h

Type

Reset Value

R/W

XXXXXXXXh

Interrupt and GenLock Registers

DC GenLock Control (DC_GENLK_CTL)

Settings written to this register do not take effect until the start of the frame or interlaced field after the timing register
update bit (DC Memory Offset 008h[6]) is set.

DC_GENLK_CTL Register Map

31 ‘30‘29|28 27‘26 25|24|123|22|21|20|19|18 17|16‘15‘14‘13|12‘11 ‘10‘ 9 | 8 ‘ 7 ‘ 6 ‘ 5 | 4 | 3 ‘ 2 ‘ 1 ‘ 0
1]
FLICK_SEL RSVD E‘ v |> _ E > GENLK_SKW
=z [915 =< §| Y Z
(_J |-u| O |< ; [$) @] |
DY ID2[F|x
[T [a)] -
o =2 |0 |2 | |x =
< |53 |0 || |F ]
I (b D_l | % >| E 0]
9 S |G oo
< 0] >
DC_GENLK_CTL Bit Descriptions
Bit Name Description
31:28 FLICK_SEL Flicker Filter Select. When the flicker filter is enabled (FLICK_EN, bit 24 = 1), this field
selects the weighting of the three taps in this vertical filter:
0000: 0, 1, 0 (top, middle, bottom)
0001: 1/16, 7/8, 1/16
0010: 1/8, 3/4, 1/8
0100: 1/4,1/2, 1/4
0101: 5/16, 3/8, 5/16
All other combinations in this field are reserved.
27:26 RSVD Reserved. Set to 0.
25 ALPHA_FLICK_ | Alpha Flicker Filter Enable. If set, this bit enables flicker filtering of the alpha value
EN when the flicker filter is enabled (FLICK_EN, bit 24 = 1). If the flicker filter is enabled and
this bit is cleared, the alpha value of the center pixel is passed through the flicker filter
unchanged.

24 FLICK_EN Flicker Filter Enable. Enables the 3-tap vertical flicker filter (primarily used for interlaced
modes). When set, the graphics output is filtered vertically using the coefficients as indi-
cated in bits [22:21]. When clear, no flicker filtering is performed.

23 VIP_VIDEO_OK | VIP Video OK (Read Only). This bit indicates the state of the internal VIP VIDEO_OK

(RO) input. This signal is driven by the VIP to indicate that the VIP is detecting a valid input
stream.

22 GENLOCK_ GenLock Active (Read Only). This bit indicates that the current (or most recent) field/

ACTIVE (RO) frame was initiated as the result of an active VIP VSYNC. The state of this bit will change
coincident with the activation of the VSYNC output. If the VSYNC output occurs as the
result of a timeout condition, this bit will be cleared. If GenLock is not enabled
(GENLK_EN, bit 18 = 0), this bit will be cleared.

21 SKEW_WAIT Skew Wait (Read Only). This status bit indicates that the DC has received a VSYNC

(RO) from the VIP and that the skew counter is running. This bit is set when the VIP_VSYNC
input is set and cleared when the skew counter expires.
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DC_GENLK_CTL Bit Descriptions (Continued)

Bit

Name

Description

20

VIP_VSYNC_
WAIT (RO)

VIP VSYNC Wait (Read Only). If set to 1 this status bit indicates that the DC has com-

pleted a field or frame and is waiting for the VIP’s VSYNC to go active before beginning

another frame. Typically, this will occur only if the VIP_VIDEO_OK (bit 23) input is active
or the GENLOCK_TO _EN (bit 19) is inactive.

19

GENLK_TO_EN

GenLock Time Out Enable. Setting this bit allows the DC to revert to its own internal
timer if a loss of sync is detected by the VIP. This allows for seamless operation of the
DC in GenLock mode when the VIP input becomes unstable. Clearing this bit forces the
DC to wait for a VSYNC signal from the VIP even if the VIP indicates a loss of sync.

18

GENLK_EN

GenLock Enable. When set to 1, the DC resets to the start of the frame/field upon
receipt of a rising edge on the VIP_VSYNC signal.

17:0

GENLK_SKW

GenLock Skew. This value indicates how many Dot clocks to delay the internal recogni-
tion of the VIP VSYNC by the DC when GenLock is enabled. If GenLock timeout is also
enabled (GENLK_TO_EN, bit 19 = 1), internal recognition of VSYNC occurs immediately
upon timeout (without allowing this skew time to elapse after the timeout is detected.)
This allows seamless transition from a VIP-supplied VSYNC to an internally-determined
VSYNC, while still allowing for a delay in timeout detection.

6.6.14 Even Field Video Address Registers

6.6.14.1 DC Even Field Video Y Start Address Offset (DC_VID_EVEN_Y_ST_OFFSET)

DC Memory

Type
Reset Value

Offset 0D8h
R/W

XXXXXXXXh

Settings written to this register do not take effect until the start of the next even interlaced field.

DC_VID_EVEN_Y_ST_OFFSET Register Map

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
RSVD OFFSET
DC_VID_EVEN_Y_ST_OFFSET Bit Descriptions
Bit Name Description
31:28 | RSVD Reserved. Set to 0.
27:0 OFFSET Video Y Even Buffer Start Offset. This value represents the starting location for Video

Y Buffer for even fields when interlacing is enabled. This field is not used when interlac-
ing is disabled (DC Memory Offset 094h[11] = 0).

This value represents the starting location for Video Y Buffer for even fields when inter-
lacing is enabled (DC Memory Offset 094h[11] = 1). The lower five bits should always be
programmed as zero so that the start offset is aligned to a 32-byte boundary. If YUV
4:2:2 mode is selected (DC Memory Offset 004h[20] = 0), the Video Y Buffer is used as a
singular buffer holding interleaved Y, U and V data. If YUV 4:2:0 is selected (DC Memory
Offset 004h[20] = 1), the Video Y Buffer is used to hold only Y data while U and V data
are stored in separate buffers.
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6.6.14.2 DC Even Field Video U Start Address Offset (DC_VID_EVEN_U_ST_OFFSET)
DC Memory Offset 0DCh

Type R/W

Reset Value XXXXXXXXh

Settings written to this register do not take effect until the start of the next even interlaced field.

DC_VID_EVEN_U_ST_OFFSET Register Map
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
RSVD OFFSET

DC_VID_EVEN_U_ST_OFFSET Bit Descriptions

Bit Name Description
31:28 | RSVD Reserved. Set to 0.
27:0 OFFSET Video U Even Buffer Start Offset. This value represents the starting location for Video

U Buffer for even fields when interlacing is enabled (DC Memory Offset 094h[11] = 1)
and YUV 4:2:0 mode is selected (DC Memory Offset 004h[20] = 1). The lower five bits
should always be programmed as zero so that the start offset is aligned to a 32-byte
boundary.

6.6.14.3 DC Even Field Video V Start Address Offset (DC_VID_EVEN_V_ST_OFFSET)
DC Memory Offset OEOh

Type R/W

Reset Value XXXXXXXXh

Settings written to this register do not take effect until the start of the next even interlaced field.

DC_VID_EVEN_V_ST_OFFSET Register Map
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
RSVD OFFSET

DC_VID_EVEN_V_ST_OFFSET Bit Descriptions

Bit Name Description
31:28 RSVD Reserved. Set to 0.
27:0 OFFSET Video V Even Buffer Start Offset. This value represents the starting location for Video

V Buffer for even fields when interlacing is enabled (DC Memory Offset 094h[11] = 1) and
YUV 4:2:0 is selected (DC Memory Offset 004h[20] = 1). The lower five bits should
always be programmed as zero so that the start offset is aligned to a 32-byte boundary.
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6.6.15 Even Field Vertical Timing Registers

6.6.15.1 DC Vertical and Total Timing for Even Fields (DC_V_ACTIVE_EVEN_TIMING)
DC Memory Offset 0E4h

Type R/W

Reset Value XXXXXXXXh

This register contains vertical active and total timing information. These parameters pertain ONLY to even fields in inter-
laced display modes (The DC_V_ACTIVE_TIMING register (DC Memory Offset 050h) will take effect for odd fields in inter-
laced display modes.) Settings written to this register will not take effect until the start of the frame or interlaced field after
the timing register update bit is set (DC Memory Offset 008h[6] = 1).

DC_V_ACTIVE_EVEN_TIMING Register Map
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
RSVD V_TOTAL RSVD V_ACTIVE

DC_V_ACTIVE_EVEN_TIMING Bit Descriptions

Bit Name Description
31:27 RSVD Reserved. These bits should be programmed to zero.
26:16 | V_TOTAL Vertical Total. This field represents the total number of lines for a given frame scan

minus 1. Note that the value is necessarily greater than the V_ACTIVE field (bits 10:0])
because it includes border lines and blanked lines.

15:11 RSVD Reserved. These bits should be programmed to zero.

10:0 V_ACTIVE Vertical Active. This field represents the total number of lines for the displayed portion of
a frame scan minus 1. Note that for flat panels, if this value is less than the panel active
vertical resolution (V_PANEL), the parameters V_BLANK_START, V_BLANK_END,
V_SYNC_START, and V_SYNC_END should be reduced by the following value
(V_ADJUST) to achieve vertical centering:

V_ADJUST = (V_PANEL - V_ACTIVE) / 2

If graphics scaling is enabled (and interleaved display is enabled), this value represents
the height of the final (scaled) field to be displayed. The height of the frame buffer image
may be different in this case; FB_ACTIVE (DC Memory Offset 5Ch) is used to program
the horizontal and vertical active values in the frame buffer when graphics scaling is
enabled.
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6.6.15.2 DC CRT Vertical Blank Timing for Even Fields (DC_V_BLANK_EVEN_TIMING)

DC Memory Offset OE8h
Type R/W
Reset Value XXXXXXXXh

This register contains vertical blank timing information. All values are specified in lines. This register is used ONLY for even
fields in interlaced display modes. Settings written to this register do not take effect until the start of the frame or interlaced
field after the timing register update bit is set (DC Memory Offset 008h[6] = 1).

DC_V_BLANK_EVEN_TIMING Register Map
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
RSVD V_BLANK_END RSVD V_BLANK_START

DC_V_BLANK_EVEN_TIMING Bit Descriptions

Bit Name Description

31:27 RSVD Reserved. These bits should be programmed to zero.

26:16 V_BLANK_END | Vertical Blank End. This field represents the line at which the vertical blanking signal
becomes inactive minus 1. If the display is interlaced, no border is supported, so this
value should be identical to V_TOTAL (DC Memory Offset 0E4h[26:16]).

15:11 RSVD Reserved. These bits should be programmed to zero.
10:0 V_BLANK_ Vertical Blank Start. This field represents the line at which the vertical blanking signal
START becomes active minus 1. If the display is interlaced, this value should be programmed to

V_ACTIVE (DC Memory Offset 0E4h[10:0]) plus 1.

6.6.15.3 DC CRT Vertical Sync Timing for Even Fields (DC_V_SYNC_EVEN_TIMING)

DC Memory Offset OECh
Type R/W
Reset Value XXXXXXXXN

This register contains CRT vertical sync timing information. All values are specified in lines. This register is used ONLY for
even fields in interlaced modes. Settings written to this register do not take effect until the start of the frame or interlaced
field after the timing register update bit is set (DC Memory Offset 008h[6] = 1).

DC_V_SYNC_EVEN_TIMING Register Map
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
RSVD V_SYNC_END RSVD V_SYNC_START

DC_V_SYNC_EVEN_TIMING Bit Descriptions

Bit Name Description

31:27 RSVD Reserved. These bits should be programmed to zero.

26:16 | V_SYNC_END Vertical Sync End. This field represents the line at which the CRT vertical sync signal
becomes inactive minus 1.

15:11 RSVD Reserved. These bits should be programmed to zero.
10:0 V_SYNC_ Vertical Sync Start. This field represents the line at which the CRT vertical sync signal
START becomes active minus 1. For interlaced display, note that the vertical counter is incre-

mented twice during each line and since there are an odd number of lines, the vertical
sync pulse will trigger in the middle of a line for one field and at the end of a line for the
subsequent field.
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6.6.16 VGA Block Configuration Registers

6.6.16.1 VGA Configuration (VGA_CONFIG)
DC Memory Offset 100h

Type R/W

Reset Value 00000000h

This register controls palette write operations.

VGA_CONFIG Register Map
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
RSVD

WPPAL| o

VGA_CONFIG Bit Descriptions

Bit Name Description
31:1 RSVD Reserved. Set to 0.
0 WPPAL Write Protect Palette. If set to 1, VGA palette write operations are NOT written to the
palette RAMs. Palette writes behave normally, except that the data is discarded.

6.6.16.2 VGA Status (VGA_STATUS)
DC Memory Offset 104h

Type RO

Reset Value 00000000h

This register provides status information for the individual SMI events enabled in the VGA_CONFIG register (DC Memory
Offset 100h), as well as certain other status bits. Reading this register clears all active events.

VGA_STATUS Register Map

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
RSVD BLINK_CNT RSVD V_CNT RSVD SIS |_|=
oz wl S |2
> E O| « (f)l U)‘
225|223
> |0 0 El %) s
o>
VGA_STATUS Bit Descriptions
Bit Name Description
31:30 RSVD Reserved.
29:24 BLINK_CNT Blink Counter Value. Unsynchronized, used as a simulation aid.
23:22 RSVD Reserved.
21:12 V_CNT Vertical Counter Value. Unsynchronized, used as a simulation aid.
11:6 RSVD Reserved.
5 VSYNC VSYNC. 1 If VSYNC is active (copy of bit 3 of ISR1).
4 DISPEN Display Enable. 0 if both horizontal and vertical display enable are active (copy of bit 0
of ISR1).
3 CRTCIO_SMI CRTC Register SML. If = 1, an SMI was generated due to an I/O read or write to an non-
implemented CRTC register.
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VGA_STATUS Bit Descriptions (Continued)

Bit Name Description

2 VBLANK_SMI VBLANK SML. If = 1, an SMI was generated due to leading edge vertical blank.

1 ISRO_SMI Input Status Register 0 SMLI. If = 1, an SMI was generated from an I/O IN to Input Status
Register 0.
0 MISC_SMI Miscellaneous Output Register SMI. If = 1, an SMI was generated from an 1/0 OUT to

the Miscellaneous Output Register.

6.6.17 VGA Block Standard Registers

6.6.17.1 VGA Miscellaneous Output
Read Address 3CCh
Write Address 3C2h

Type R/W
Reset Value 02h
VGA Miscellaneous Output Register Bit Descriptions
Bit Name Description

7 VSYNC_POL Vertical Sync Polarity. Selects a positive-going VSYNC pulse (bit = 0) or a negative-
going VSYNC pulse (bit = 1).

6 HSYNC_POL Horizontal Sync Polarity. Selects a positive-going HSYNC pulse (bit = 0) or a negative-
going HSYNC pulse (bit = 1).
5 PAGE Page Bit. This bit is used to replace memory address bit A0 as the LSB when bit 1 of the

Miscellaneous register (Index 06h[1]) in the VGA Graphics Controller is set to 1.
4 RSVD Reserved.

3:2 CLK_SEL Clock Select. Selects the VGA pixel clock source. Writes to this register will directly
affect the frequency generated by the Dot clock PLLs. The value of this register is sam-
pled when it is written; The Dot clock frequency can be overridden by subsequent writes
to the Dot clock PLL controls. If the VGA is disabled or in fixed timing mode, the Dot clock
frequency is NOT affected by writes to this register.

00: Selects clock for 640/320 pixels per line (25.175 MHz Dot clock).
01: Selects clock for 720/360 pixels per line (28.325 MHz Dot clock).
10: Reserved.
11: Reserved.

1 RAM_EN RAM Enable. Enables the video frame buffer address decode when set to 1.

0 ID_ADDR_SEL /0 Address Select. Determines the 1/0 address of the CRTC Index and Data registers
(Index 3?4h and 3?75h), Feature Control register (Index 3?Ah), and Input Status Register
1 (Index 3?Ah) as follows: ? = B when bit set to 0 (MDA I/O address emulation), ? =D
when bit set to 1 (CGA address emulation).
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6.6.17.2 VGA Input Status Register 0
Read Address 3C2h

Write Address --
Type R/W
Reset Value 00h
VGA Input Status Register 0 Bit Descriptions
Bit Name Description
7 RSVD Not Implemented. (CRTC Interrupt Pending)
6:5 RSVD Reserved.
4 RSVD Not Implemented. (Display Sense)
3:.0 RSVD Reserved.

6.6.17.3 VGA Input Status Register 1
Read Address 3BAh or 3DAh

Write Address --
Type R/W
Reset Value 01h
VGA Input Status Register 1 Bit Descriptions
Bit Name Description
7:4 RSVD Reserved.
3 VSYNC Vertical SYNC. When a 1, indicates that the VSYNC signal is active.
2:1 RSVD Reserved.
0 DISP_EN Display Enable. Reads as a 0 when both horizontal and vertical display enable are
active. Reads as a 1 when either display enable signal is inactive.

6.6.17.4 VGA Feature Control
Read Address 3CAh
Write Address 3BAh or 3DAh

Type R/W
Reset Value xxh
VGA Feature Control Register Bit Descriptions
Bit Name Description
7:0 RSVD Reserved.
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6.6.18 VGA Sequencer Registers

The Sequencer registers are accessed by writing an index value to the Sequencer Index register (3C4h) and reading or
writing the register using the Sequencer Data register (3C5h).

Table 6-51. VGA Sequencer Registers Summary

Index Type Register Reset Value Reference
- R/W VGA Sequencer Index 0xh Page 358
-- R/W VGA Sequencer Data xxh Page 358

00h R/W VGA Reset 00h Page 358
0t1h R/W VGA Clocking Mode 02h Page 359
02h R/W VGA Map Mask 00h Page 359
03h R/W VGA Character Map Select xxh Page 360
04h R/W VGA Memory Mode 02h Page 360

6.6.18.1 VGA Sequencer Index
Index Address 3C4h

Type R/W
Reset Value Oxh
VGA Sequencer Index Register Bit Descriptions
Bit Name Description
7:3 RSVD Reserved.
2:0 INDEX Index.

6.6.18.2 VGA Sequencer Data
Data Address 3C5h

Type R/W
Reset Value xxh
VGA Sequencer Data Register Bit Descriptions
Bit Name Description
7:0 DATA Data.

6.6.18.3 VGA Reset

Index 00h
Type R/W
Reset Value 00h
VGA Reset Register Bit Descriptions
Bit Name Description
7:2 RSVD Reserved.
1:0 DIS_EN Enable Display. Both these bits should be set to 1 (value = 11) to enable display of the
VGA screen image. If either of these bits are 0, the display is blanked. The VGA contin-
ues to respond to I/O and memory accesses.
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6.6.18.4 VGA Clocking Mode

Index 01h
Type R/W
Reset Value 02h
VGA Clocking Mode Register Bit Descriptions
Bit Name Description
7:6 RSVD Reserved.

5 SCREEN_OFF

Screen Off. Setting this bit to a 1 blanks the screen while maintaining the HSYNC and
VSYNC signals. This is intended to allow the CPU full access to the memory bandwidth.
This bit must be 0 for the display image to be visible.

RSVD Not Supported. (Shift4)
DCLK_DIV2 Dot Clock Divide By 2. When set to 1, the incoming pixel clock is divided by two to form
the actual Dot clock. When 0, the incoming pixel clock is used unchanged.
2 RSVD Not Supported. (Shift Load)
1 RSVD Reserved. Always 1.

0 CHAR_WIDTH

8-Dot Character Width. When set to a 1, the character cells in text mode are eight pixels
wide. When set to 0, the character cells are nine pixels wide. The 9th pixel is equal to the
8th pixel for character codes COh-DFh (the line graphics character codes), and is 0
(background) for all other codes.

6.6.18.5 VGA Map Mask

Index 02h
Type R/W
Reset Value 00h

These bits enable (bit = 1) writing to their corresponding bytes in each DWORD of the frame buffer (i.e., EM3 enables byte
3, EM2 enables byte 2, etc.). The four maps or planes correspond to the four bytes in each DWORD of the frame buffer.
Reads to all maps are always enabled, and are unaffected by these bits.

VGA Map Mask Register Bit Descriptions

Bit Name Description
7:4 RSVD Reserved.
EM3 Enable Map 3.
EM2 Enable Map 2.
1 EMA1 Enable Map 1.
0 EMO Enable Map 0.
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6.6.18.6 VGA Character Map Select

Index 03h
Type R/W
Reset Value xxh

Character Map A (bits [5,3:2]) and Character Map B (bits [4,1:0]) determine which font tables are used when displaying a
character in text mode. When bit 3 of the character's attribute = 1, Character Map A is used; when bit 3 of the character's
attribute = 0, Character Map B is used. The font tables are stored in the 64 KB in map 2. There are eight font tables. The
character map codes select the font tables as shown in Table 6-52.

VGA Character Map Select Register Bit Descriptions

Bit Name Description
7:6 RSVD Reserved. Write as read.
CHAR_AZ Character Map A bit 2.
CHAR_BZ Character Map B bit 2.
3:2 CHAR_A Character Map A bits 1:0.
1:0 CHAR_B Character Map B bits 1:0.
Table 6-52. Font Table
Code Font Table Location in Map 2 Code Font Table Location in Map 2
0 8 KB Block 0 4 8 KB Block 1
1 8 KB Block 2 5 8 KB Block 3
2 8 KB Block 4 6 8 KB Block 5
3 8 KB Block 6 7 8 KB Block 7
6.6.18.7 VGA Memory Mode
Index 04h
Type R/W
Reset Value 02h
VGA Memory Mode Register Bit Descriptions
Bit Name Description
7:4 RSVD Reserved.
3 CHAIN4 Chain4. When set to a 1, CPU address bits 1 and 0 are used to select the map or plane

in the frame buffer DWORD. For example, if CPU A1:A0 = 3, then map 3 is selected. If
CPU A1:A0 =1, then map 1 is selected. If Chain4 is 0, then the frame buffer addressing
is controlled by the CHAIN2 (bit 2).

2 CHAIN2 Chain2. When set to a 0, CPU address bit 0 selects between frame buffer maps 0 and 1,
or maps 2 and 3, depending on the value in the graphics controller Read Map Select field
(Index 04h[1:0]). For example, if CPU A0 is 0, then map 0 (or 2) is selected.

1 EXT_MEM Extended Memory. This bit should always be set to a 1. It is a throwback to EGA where
the standard frame buffer size was 64 KB and was upgradeable to 256 KB. VGA always
has (at least) 256 KB.

0 RSVD Reserved.
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6.6.19 VGA CRT Controller Registers

The CRTC registers are accessed by writing an index value to the CRTC Index register (3B4h or 3D4h) and reading or writ-
ing the register using the CRTC Data register (3B5h or 3D5h). See the description of the /0O Address Select bit in the Mis-
cellaneous Output register (Section 6.6.17.1 on page 356) for more information on the 1/0 address of the CRTC registers.
The CRT timings are controlled by the CRT Controller registers when the VGA is active. Various third-party VGA adapters
implement these registers differently, and so different cards can produce different timings with the same settings. The set-

tings shown in Table 6-53 are recommended for various VGA modes when programming the CRTC registers.

Table 6-53. CRTC Register Settings

VGA Mode
Index 00 01 02 03 04 05 06 07 oD 0E OF 10 11 12 13
0 2D 2D 5F 5F 2D 2D 5F 5F 2D 5F 5F 5F 5F 5F 5F
1 27 27 4F 4F 27 27 4F 4F 27 4F 4F 4F 4F 4F 4F
2 28 28 50 50 28 28 50 50 28 50 50 50 50 50 50
3 90 90 82 82 90 90 82 82 90 82 82 82 82 82 82
4 29 29 51 51 29 29 51 51 29 51 51 51 51 51 51
5 8E 8E 9E 9E 8E 8E 9E 9E 8E 9E 9E 9E 9E 9E 9E
6 BF BF BF BF BF BF BF BF BF BF BF BF 0B 0B BF
7 1F 1F 1F 1F 1F 1F 1F 1F 1F 1F 1F 1F 3E 3E 1F
8 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
9 4F 4F 4F 4F C1 C1 C1 4F Co Co 40 40 40 40 41
A 0D 0D 0D oD 00 00 00 oD 00 00 00 00 00 00 00
B OE OE OE OE 00 00 00 OE 00 00 00 00 00 00 00
C 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
D 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
E 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
F 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
10 9B 9B 9B 9B 9B 9B 9B 9B 9B 9B 83 83 E9 E9 9B
11 8D 8D 8D 8D 8D 8D 8D 8D 8D 8D 85 85 8B 8B 8D
12 8F 8F 8F 8F 8F 8F 8F 8F 8F 8F 5D 5D DF DF 8F
13 14 14 28 28 14 14 28 28 14 28 28 28 28 28 28
14 1F 1F 1F 1F 00 00 00 OF 00 00 OF OF 00 00 40
15 97 97 97 97 97 97 97 97 97 97 65 65 E7 E7 98
16 B9 B9 B9 B9 B9 B9 B9 B9 B9 B9 B9 B9 04 04 B9
17 A3 A3 A3 A3 A2 A2 Cc2 A3 E3 E3 E3 E3 C3 E3 A3
18 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
Note: The Extended VGA Registers are accessed through the CRTC interface. This section only discusses the base VGA

registers, however. See Section 6.6.23 "VGA Block Extended Registers" on page 384 for more information on the

extended registers.
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Table 6-54. CRTC Registers Summary

Index Type Register Reset Value Reference
- R/W CRTC Index 00h Page 362
-- R/W CRTC Data 00h Page 363

00h R/W Horizontal Total 00h Page 363
01h R/W Horizontal Display Enable End 00h Page 363
02h R/W Horizontal Blank Start 00h Page 363
03h R/W Horizontal Blank End 00h Page 364
04h R/W Horizontal Sync Start 00h Page 364
05h R/W Horizontal Sync End 00h Page 364
06h R/W Vertical Total 00h Page 365
07h R/W Overflow xxh Page 365
08h R/W Preset Row Scan 00h Page 365
09h R/W Maximum Scan Line 00h Page 366
0Ah R/W Cursor Start 00h Page 366
0Bh R/W Cursor End 00h Page 367
0Ch R/W Start Address High 00h Page 367
0Dh R/W Start Address Low 00h Page 367
OEh R/W Cursor Location High 00h Page 367
OFh R/W Cursor Location Low 00h Page 368
10h R/W Vertical Sync Start 00h Page 368
11h R/W Vertical Sync End 00h Page 368
12h R/W Vertical Display Enable End 00h Page 369
13h R/W Offset 00h Page 369
14h R/W Underline Location 00h Page 369
15h R/W Vertical Blank Start 00h Page 370
16h R/W Vertical Blank End 00h Page 370
17h R/W CRTC Mode Control 00h Page 370
18h R/W Line Compare 00h Page 372
22h R/W CPU Data Latch State 00h Page 372
24h R/W Attribute Index/Data FF State 00h Page 372
26h R/W Attribute Index State xxh Page 373

6.6.19.1 CRTC Index
Index Address 3B4h or 3D4h

Type R/W
Reset Value 00h
CRTC Index Register Bit Descriptions
Bit Name Description
7 RSVD Reserved.
6:0 INDEX Index.
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6.6.19.2 CRTC Data
Data Address 3B5h or 3D5h

Type R/W
Reset Value 00h
CRTC Data Register Bit Descriptions
Bit Name Description
7 RSVD Reserved.
6:0 DATA Data.

6.6.19.3 Horizontal Total

Index 00h
Type R/W
Reset Value 00h
Horizontal Total Register Bit Descriptions
Bit Name Description
7:0 H_TOTAL Horizontal Total. This value specifies the number of character clocks per horizontal
scan line minus 5. It determines the horizontal line rate/period.

6.6.19.4 Horizontal Display Enable End

Index 01h
Type R/W
Reset Value 00h
Horizontal Display Enable End Register Bit Descriptions
Bit Name Description

7:0 H_DISP_END Horizontal Display Enable End. This value specifies the number of displayed charac-
ters minus 1. It determines the width of the horizontal display enable signal.

6.6.19.5 Horizontal Blank Start

Index 02h
Type R/W
Reset Value 00h
Horizontal Blank Start Register Bit Descriptions
Bit Name Description
7:0 H_BLANK_ST Horizontal Blank Start. This value specifies the character position on the line where the
horizontal blanking signal goes active.
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6.6.19.6 Horizontal Blank End

Index 03h
Type R/W
Reset Value 00h
Horizontal Blank End Register Bit Descriptions
Bit Name Description
7 RSVD Reserved. Set to 1.
6:5 DISPEN_SKEW | Display Enable Skew Control. This value is a binary encoded value that specifies how
many character clocks to skew the horizontal display enable signal by (0 character clocks
- 3 character clocks) before it is sent to the attribute controller. This field is used to
accommodate differences in the length of the video pipeline (frame buffer to pixel output)
in various text and graphics modes.
4:0 H_BLANK_END | Horizontal Blank End Register Bits [4:0]. This 6-bit value is a compare target for the
[4:0] character count where the horizontal blank signal ends. Bit 5 of this value is in the Hori-

zontal Sync End register (Index 05h[7]). Note that not all horizontal counter bits are com-
pared, which can create aliased compares depending upon the binary values involved in
the count range and compare values.

6.6.19.7 Horizontal Sync Start

Index 04h
Type R/W
Reset Value 00h
Horizontal Sync Start Register Bit Descriptions
Bit Name Description
7:0 H_SYNC_ST Horizontal Sync Start. This value specifies the character position where the horizontal

sync pulse starts.

6.6.19.8 Horizontal Sync End

Index 05h
Type R/W
Reset Value 00h
Horizontal Sync End Register Bit Descriptions
Bit Name Description
7 H_BLANK_END5 | Horizontal Blank End bit 5. See H_BLANK_END[4:0] bit description (Index 03h[4:0]).
6:5 RSVD Not Implemented. (HSync Delay).
4:0 H_SYNC_END Horizontal Sync End. These bits represent the low five bits of the character position

where the horizontal sync signal ends.
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6.6.19.9 Vertical Total

Index 06h
Type R/W
Reset Value 00h
Vertical Total Register Bit Descriptions
Bit Name Description
7:0 V_TOTAL[7:0] Vertical Total Register Bits [7:0]. This is the low eight bits of a value that specifies the

total number of scan lines on the screen minus 2. This value includes the blanking area
and determines the vertical refresh rate. The high two bits of this value are in the Over-
flow register (Index 07h[5,1]).

6.6.19.10 Overflow

Index
Type

Reset Value

07h
R/W
xxh

These are the high-order bits for several of the vertical programming values. See the descriptions of the respective vertical
registers for descriptions of these fields.

Overflow Register Bit Descriptions

Bit Name Description

7 V_SYNC_ST9 Vertical Sync Start Bit 9. See V_SYNC_ST][7:0] bit description (Index 10h[7:0]).
V_SYNC_ST8 is located at bit 2

6 V_DISP_EN_END9 Vertical Display Enable End Bit 9. See V_DISP_END[7:0] bit description (Index
12h[7:0]). V_DISP_ENDS is located at bit 1

5 V_TOTAL9 Vertical Total Bit 9. See V_TOTAL[7:0] bit description (Index 06h[7:0]). V_TOTALS8
is located at bit 0.

4 LINE_COMPS8 Line Compare Bit 8. See LINE_COMP[7:0] bit description (Index 18h[7:0]).
LINE_COMPS9 is located at Index 09h[6].

3 V_BLANK_ST8 Vertical Blank Start Bit 8. See V_BLANK_ST[7:0] bit description (Index 15h[7:0]).
V_BLANK_ST9 is located at Index 09h[5].

2 V_SYNC_ST8 Vertical Sync Start Bit 8. See V_SYNC_ST][7:0] bit description (Index 10h[7:0]).
V_SYNC_ST9 is located at bit 7.

1 V_DISP_EN_ENDS8 Vertical Display Enable End Bit 8. See V_DISP_END[7:0] bit description (Index
12h[7:0]). V_DISP_ENDS? is located at bit 6.

0 V_TOTALS Vertical Total Bit 8. See VTOTAL[7:0] bit description (Index 06h[7:0]). V_TOTALS9 is
located at bit 5.

6.6.19.11 Preset Row Scan

Index 08h
Type R/W
Reset Value 00h
Preset Row Scan Register Bit Descriptions
Bit Name Description
7 RSVD Reserved.
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Preset Row Scan Register Bit Descriptions

Bit Name Description

6:5 BYPE_PAN Byte Panning. This value causes the pixel data stream to be fetched zero, one, two, or
three character positions early for use with pel panning in the attribute controller. This
field is used when the video serializers are chained together (by two or by four).

4:0 ROW_SCAN Starting Row Scan. This specifies the value loaded into the row scan counter on the first
text line of the screen. Changing this value in text modes allows the screen to be scrolled
on a scan line basis rather than a text line basis. The starting row scan count for all sub-
sequent scan lines is 0.

6.6.19.12 Maximum Scan Line

Index 09h
Type R/W
Reset Value 00h
Maximum Scan Line Register Bit Descriptions
Bit Name Description
7 DBL_SCAN Double Scan. When this bit is set to a 1, the row scan counter increments every other
scan line. When this bit is cleared to 0, the row scan counter increments on every scan
line. This bit is used to make 200 line text modes occupy 400 physical scan lines on the
screen.
6 LN_CMP9 Line Compare Register Bit 9. See LINE_COMPI[7:0] bit description (Index 18h[7:0]).

LINE_COMPS is located at Index 07h[4].

5 V_BLANK_ST9 Vertical Blank Start Register Bit 9. See V_BLANK_ST([7:0] bit description (Index
15h[7:0]). V_BLANK_ST8 is located at Index 09h[3]).

4:0 MAX_LINE Maximum Scan Line. This field specifies the number of scan lines per character row
minus 1. The row scan counter will count up to this value then go to 0 for the next charac-
ter row.

6.6.19.13 Cursor Start

Index OAh
Type R/W
Reset Value 00h
Cursor Start Register Bit Descriptions
Bit Name Description
7:6 RSVD Reserved.
5 CURS_OFF Cursor Off. When set to 1, the cursor is turned off and will not appear on the screen.
When this bit is 0, the cursor is displayed. This bit is only applicable in text modes.
4:0 CURS_ST Cursor Start. This field specifies the first scan line in the character box where the cursor
is displayed. If this value is greater than the Cursor End value (CURS_END, Index
0Bh[4:0]), then no cursor is displayed. If this value is equal to the CURS_END value,
then the cursor occupies a single scan line.
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6.6.19.14 Cursor End

Index 0Bh
Type R/W
Reset Value 00h
Cursor End Register Bit Descriptions
Bit Name Description
7 RSVD Reserved.
6:5 CURS_SKEW Cursor Skew. This field allows the cursor to be skewed by zero, one, two, or three char-
acter positions to the right.
4:0 CURS_END Cursor End. This field specifies the last scan line in the character box where the cursor
is displayed. See CURS_ST bit descriptions (Index 0Ah[4:0]) for more information.

6.6.19.15 Start Address High

Index 0Ch
Type R/W
Reset Value 00h
Start Address High Register Bit Descriptions
Bit Name Description
7:0 ST_ADDR_HI Start Address Register Bits [15:8]. Together with the register (ST_ADDR_LOW, Index

0Dh[7:0]), this value specifies the frame buffer address used at the beginning of a screen
refresh. It represents the upper left corner of the screen.

6.6.19.16 Start Address Low

Index 0Dh
Type R/W
Reset Value 00h
Start Address Low Register Bit Descriptions
Bit Name Description

7:0 ST_ADDR_LOW | Start Address Register Bits [7:0]. Together with the register (ST_ADDR_HI, Index
0Ch[7:0]), this value specifies the frame buffer address used at the beginning of a screen
refresh. It represents the upper left corner of the screen.

6.6.19.17 Cursor Location High

Index OEh
Type R/W
Reset Value 00h
Cursor Location High Register Bit Descriptions
Bit Name Description
7:0 CURS_HI Cursor Location Register Bits [15:8]. Together with the register (CURS_LOW, Index

O0Fh[7:0]), this value specifies the frame buffer address where the cursor is displayed in
text mode. The cursor will appear at the character whose memory address corresponds
to this value.
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6.6.19.18 Cursor Location Low

Index OFh
Type R/W
Reset Value 00h
Cursor Location Low Register Bit Descriptions
Bit Name Description
7:0 CURS_LOW Cursor Location Register Bits [7:0]. Together with the register (CURS_HI, Index

0EhN[7:0Q]), this value specifies the frame buffer address where the cursor is displayed in
text mode. The cursor will appear at the character whose memory address corresponds
to this value.

6.6.19.19 Vertical Sync Start

Index 10h
Type R/W
Reset Value 00h
Vertical Sync Start Register Bit Descriptions
Bit Name Description

7:0 VERT_SYNC_ST | Vertical Sync Start Register Bits [7:0]. This value specifies the scan line number
where the vertical sync signal will go active. This is a 10-bit value. Bits 9 and 8 are in the
Overflow register (Index 07h[7,2]).

6.6.19.20 Vertical Sync End

Index 11h
Type R/W
Reset Value 00h
Vertical Sync End Register Bit Descriptions
Bit Name Description
7 WR_PROT Write-Protect Registers. This bit is used to prevent old EGA programs from writing
invalid values to the VGA horizontal timing registers. The LINE_COMPS8 (Index 07h[4])
is not protected by this bit.
RSVD Not Implemented. (Refresh Cycle Select)
RSVD Not Implemented. (Enable Vertical Interrupt)
RSVD Not Implemented.(Clear Vertical Interrupt)
3.0 V_SYNC_END Vertical Sync End Register Bits [3:0]. This field represents the low four bits of a com-
pare value that specifies which scan line that the vertical sync signal goes inactive.
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6.6.19.21 Vertical Display Enable End

Index 12h
Type R/W
Reset Value 00h
Vertical Display Enable End Register Bit Descriptions
Bit Name Description
7:0 V_DISP_EN_ Vertical Display Enable End Register Bits [7:0]. This is a 10-bit value that specifies
END the scan line where the vertical display enable signal goes inactive. It represents the
number of active scan lines minus 1. Bits 9 and 8 of this value are in the Overflow regis-
ter (Index 07h[6,1]).

6.6.19.22 Offset

Index 13h
Type R/W
Reset Value 00h
Offset Register Bit Descriptions
Bits Name Description
7:0 OFST Offset. This field specifies the logical line width of the screen. This value (multiplied by

two or four depending on the CRTC clocking mode) is added to the starting address of
the current scan line to get the starting address of the next scan line.

6.6.19.23 Underline Location

Index 14h
Type R/W
Reset Value 00h
Underline Location Register Bit Descriptions
Bit Name Description
7 RSVD Reserved.
6 DW Doubleword Mode. When this bit is a 1, CRTC memory addresses are DWORD
addresses, and the CRTC refresh counter effectively increments by 4. When this bit is a
0, the address increment is determined by the Byte Mode bit in the CRTC Mode Control
register (Index 17h[6]).
5 RSVD Not Implemented. (Count by 4)
4:0 UL Underline Location. This field specifies the row scan value where the underline appears
in the character box in text modes.

AMD Geode™ LX Processors Data Book 369



AMD:‘ 33234H Display Controller Register Descriptions

6.6.19.24 Vertical Blank Start

Index 15h
Type R/W
Reset Value 00h
Vertical Blank Start Register Bit Descriptions
Bit Name Description
7:0 V_BL_ST Vertical Blank Start Register Bits [7:0]. This is the low eight bits of a value that speci-

fies the starting scan line of the vertical blank signal. This is a 10-bit value. Bit 8 is in the
Overflow register (Index 07h[3]) and bit 9 is in the Maximum Scan Line register (Index
09h[5]).

6.6.19.25 Vertical Blank End

Index 16h
Type R/W
Reset Value 00h
Vertical Blank End Register Bit Descriptions
Bit Name Description
7:0 V_BL_END Vertical Blank End. This value specifies the low eight bits of a compare value that repre-
sents the scan line where the vertical blank signal goes inactive.

6.6.19.26 CRTC Mode Control

Index 17h
Type R/W
Reset Value 00h
CRTC Mode Control Register Bit Descriptions
Bit Name Description
7 ENSYNC Enable Syncs. When set to 1, this bit enables the horizontal and vertical sync signals.
When 0, this bit holds both sync flip-flops reset.
6 BTMD Byte Mode. If the DWORD mode bit (DW, Index 14h[6]) is 0, then this bit configures the

CRTC addresses for byte addresses when set to 1, or WORD addresses when set to 0. If
DW is set to 1, then this bit is ignored. See Table 6-55 on page 371 for information on the
various CRTC addressing modes.

5 AW Address Wrap. When the CRTC is addressing the frame buffer in Word Mode (Byte
Mode = 0, DIWORD Mode = 0) then this bit determines which address bit occupies the
MAO bit position of the address sent to the frame buffer memory. If Address Wrap = 0,
CRTC address counter bit 13 occupies the MAOQ position. If Address Wrap = 1, then
CRTC address counter bit 15 is in the MAOQ position. See Table 6-55 on page 371 for
information on the various CRTC addressing modes.

RSVD Reserved.
RSVD Not Implemented. (Count by 2)
VCKL_SL VCLK Select. This bit determines the clocking for the vertical portion of the CRTC. If this

bit is 0, the horizontal sync signal clocks the vertical section. If this bit is 1, the horizontal
sync divided by two clocks the vertical section.
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CRTC Mode Control Register Bit Descriptions (Continued)

Bit Name

Description

1 SL_RSCBT

Select Row Scan Bit. This bit determines which CRTC signal appears on the MA14
address bit sent to the frame buffer memory. If this bit is a 0, bit 1 of the Row Scan

counter appears on MA14. If this bit is a 1, then CRTC address counter bit 14, 13, or 12
appears on MA14. See Table 6-55 on page 371 for more information.

0 SL_A13

Select A13. This bit determines which CRTC signal appears on the MA13 address bit

sent to the frame buffer memory. If this bit is a 0, bit 0 of the Row Scan counter appears
on MA13. If this bitis a 1, then CRTC address counter bit 13, 12, or 11 appears on MA13.
See Table 6-55 on page 371 for more information.

Table 6-55 illustrates the various frame buffer addressing schemes. In the table, MAx represents the frame buffer memory
address signals, Ax represents the CRTC address counter signals, RSx represents row scan counter output bits. The
binary value in the column headings is a concatenation of the DWORD Mode and Byte Mode bits. (i.e., {DWORD Mode,

ByteMode} in verilog.)

Table 6-55. CRTC Memory Addressing Modes

Frame Buffer Memory Address Bit

Byte Mode (01)

Word Mode (00)

DWORD Mode (1X)

MAO AO A15 or A13 A12
MA1 Al AO A13
MA2 A2 Al AO
MAS3 A3 A2 A1l
MA4 A4 A3 A2
MAS A5 A4 A3
MA6 A6 A5 A4
MA7 A7 A6 A5
MA8 A8 A7 A6
MA9 A9 A8 A7
MA10 A10 A9 A8
MA11 A1 A10 A9
MA12 A12 A1 A10
MA13 A13 or RSO A12 or RSO A11 or RSO
MA14 A14 or RSt A13 or RSt A12 or RS1
MA15 A15 A14 A13
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6.6.19.27 Line Compare

Index 18h
Type R/W
Reset Value 00h
Line Compare Register Bit Descriptions
Bit Name Description

7:0 LINE_COMP[7:0] | Line Compare Register Bits [7:0]. This value specifies the low eight bits of a compare
value that represents the scan line where the CRTC frame buffer address counter is
reset to 0. This can be used to create a split screen by using the Start Address registers
to specify a non-zero location at which to begin the screen image. The lower portion of
the screen (starting at frame buffer address 0) is immune to screen scrolling (and pel
panning as specified in the Attribute Mode Control register (Index 10h). Line Compare is
a 10-bit value. Bit 8 is located in the Overflow register (Index 07h[4]) and bit 9 is in the
Maximum Scan Line register (Index 09h[6]).

6.6.19.28 CPU Data Latch State

Index 22h
Type RO
Reset Value 00h
CPU Data Latch State Register Bit Descriptions
Bit Name Description
7:0 DLV Data Latch Value. This read only field returns a byte of the CPU data latches and can be

used in VGA save/restore operations. The graphics controllers Read Map Select field
(Index 04h[1:0]) specifies which byte/map (0-3) is returned.

6.6.19.29 Attribute Index/Data FF State

Index 24h
Type RO
Reset Value 00h
Attribute Index/Data FF State Register Bit Descriptions
Bit Name Description
7 FFST FF State. This read only bit indicates the state of the attribute controller index/data flip-
flop. When this bit is 0, the next write to Index 3COh will write an index value; when this
bit is 1, the next write to Index 3COh will write a data register value.
6:0 RSVD Reserved.
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6.6.19.30 Attribute Index State

Index 26h
Type RO
Reset Value xxh
Attribute Index State Register Bit Descriptions
Bit Name Description
7:6 RSVD Reserved.

5:0 ATT_IN_VA

ter bits [5:0] (Index 3COh).

Attribute Index Value. This read only value indicates the value of Attribute Index regis-

6.6.20 VGA Graphics Controller Registers

The graphics controller registers are accessed by writing an index value to the Graphics Controller Index register (Index
Address 3CEh) and reading or writing the register using the Graphics Controller Data register (Data Address 3CFh).

Table 6-56. Graphics Controller Registers Summary

Index Type Register Reset Value Reference
-- R/W VGA Graphics Controller Index xxh Page 373
-- R/W VGA Graphics Controller Data xxh Page 374

00h R/wW VGA Set/Reset xxh Page 374
01h R/W VGA Enable Set/Reset xxh Page 374
02h R/W VGA Color Compare xxh Page 375
03h R/W VGA Data Rotate xxh Page 375
04h R/wW VGA Read Map Select xxh Page 376
05h R/W VGA Graphics Mode xxh Page 376
06h R/wW VGA Miscellaneous xxh Page 377
07h R/W VGA Color Don’t Care xxh Page 378
08h R/W VGA Bit Mask xxh Page 378

6.6.20.1 VGA Graphics Controller Index

Index Address 3CEh

Type R/W
Reset Value xxh
VGA Graphics Controller Index Register Bit Descriptions
Bit Name Description
7:4 RSVD Reserved.
3:0 INDEX Index.
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6.6.20.2 VGA Graphics Controller Data
Data Address 3CFh

Type R/W
Reset Value xxh
VGA Graphics Controller Data Register Bit Descriptions
Bit Name Description
7:4 RSVD Reserved.
3:0 DATA Data.

6.6.20.3 VGA Set/Reset

Index 00h
Type R/W
Reset Value xxh

Bits [3:0] allow bits in their respective maps to be set or reset through write modes 0 or 3. See Section 6.5.5.3 "Write
Modes" on page 290 for more information.

VGA Set/Reset Register Bits Bit Descriptions

Bit Name Description

7:4 RSVD Reserved.
3 SR_MP3 Set/Reset Map 3.
2 SR_MP2 Set/Reset Map 2.
1 SR_MP1 Set/Reset Map 1.
0 SR_MPO Set/Reset Map 0

6.6.20.4 VGA Enable Set/Reset

Index 01h
Type R/W
Reset Value xxh

Bits [3:0] enable the Set/Reset function for their respective maps in write mode 0. See Section 6.5.5.3 "Write Modes" on
page 290 for more information.

VGA Enable Set/Reset Register Bit Descriptions

Bit Name Description
7:4 RSVD Reserved.
3 EN_SR_MP3 Enable Set/Reset Map 3.
2 EN_SR_MP2 Enable Set/Reset Map 2.
EN_SR_MP1 Enable Set/Reset Map 1.
0 EN_SR_MPO Enable Set/Reset Map 0.
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6.6.20.5 VGA Color Compare

Index 02h
Type R/W
Reset Value xxh

Bits [3:0] specify a compare value that allows the CPU to compare pixels in planar modes. Read mode 1 performs a com-
parison based on these bits combined with the Color Don’t Care bits. Data returned will contain a 1 in each one of the eight
pixel positions where a color match is found. See the description of read modes (Section 6.5.5.4 on page 291) for more
information.

VGA Color Compare Register Bit Descriptions

Bit Name Description

7:4 RSVD Reserved.

3 CO_CM_MP3 Color Compare Map 3.
2 CO_CM_MP2 Color Compare Map 2.
1

0

CO_CM_MP1 Color Compare Map 1.
CO_CM_MPO Color Compare Map 0.

6.6.20.6 VGA Data Rotate

Index 03h
Type R/W
Reset Value xxh
VGA Data Rotate Bit Descriptions Bit Descriptions
Bit Name Description
7:5 RSVD Reserved.
4:3 WROP Write Operation. Data written to the frame buffer by the CPU can be logically combined

with data already in the CPU data latches.

00: Copy (CPU data written unmodified).
01: CPU data ANDed with latched data.
10: CPU data ORed with latched data.

11: CPU data XORed with latched data.

See the description of write modes (Section 6.5.5.3 on page 290) for more information.

2:0 ROTCNT Rotate Count. This value is used to rotate the CPU data before it is used in write modes
0 and 3. The CPU data byte written is rotated right, with low bits wrapping to the high bit
positions. See the description of write modes (Section 6.5.5.3 on page 290) for more
information.
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6.6.20.7 VGA Read Map Select

Index 04h
Type R/W
Reset Value xxh
VGA Read Map Select Register Bit Descriptions
Bit Name Description
7:2 RSVD Reserved.
1:0 R_MP_SL Read Map Select. This field specifies which map CPU read data is taken from in read

mode 0. In Odd/Even modes (specified by the Odd/Even bit in the Graphics Mode regis-
ter, Index 05h[4]) bit 1 of this field specifies which pair of maps returns data.

When bit 1 is 0, data is returned from maps 0 and 1. When bit 1 is 1, data is returned from
maps 2 and 3. The CPU read address bit AO determines which byte is returned (low or
high) in Odd/Even modes. In non-Odd/Even modes, these bits (both bits [1:0]) specify
the map to read (0, 1, 2, or 3) and the CPU accesses data sequentially within the speci-
fied map.

6.6.20.8 VGA Graphics Mode

Index 05h
Type R/W
Reset Value xxh
VGA Graphics Mode Register Bit Descriptions
Bit Name Description
7 RSVD Reserved.
6 256_CM 256 Color Mode. When set to a 1, this bit configures the video serializers in the graphics

controller for the 256 color mode (BIOS mode 13h). When this bit is 0, the Shift Register
Mode bit (bit 5) controls the serializer configuration.

5 SH_R_MD Shift Register Mode. When set to a 1, this bit configures the video serializers for BIOS
modes 4 and 5. When this bit is 0, the serializers are taken in parallel (i.e., configured for
4-bit planar mode operation).

Note that the serializers are also wired together serially so that map 3 bit 7 feeds map 2
bit 0, map 2 bit 7 feeds map 1 bit 0, and map 1 bit 7 feeds map 0 bit 0. This allows for a

32-pixel 1 bit-per-pixel serializer to be used. For this configuration, color planes 1, 2, and
3 should be masked off using the Color Plane Enable register (Attribute Controller, Index
12h, on page 381.)

4 ODD_EVEN Odd/Even. When this bit is set to 1, CPU address bit A0 will select between maps 0 and
1 or maps 2 and 3 depending on the state of the Read Map Select field (Index 04h[1:0]).
When this bit is 0, the CPU accesses data sequentially within a map. This bit is equiva-
lent to the Odd/Even bit in the VGA Miscellaneous register (Index 06h[2]), but is inverted
in polarity from that bit.

3 RD_MD Read Mode. This bit determines what is returned to the CPU when it reads the frame
buffer. When this bit is 1, the result of a color compare operation is returned. The eight
bits in the CPU read data contain a 1 in each pixel position where the color compare
operation was true, and a 0 where the operation was false. When this bit is 0, frame
buffer map data is returned.

2 RSVD Reserved.
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VGA Graphics Mode Register Bit Descriptions

Bit Name Description

1:0 WR_MD Write Mode. This field specifies how CPU data is written to the frame buffer. Note that
the Write Operation field in the VGA Data Rotate register (Index 03h[4:3]) specifies how
CPU data is combined with data in the data latches for write modes 0, 2, and 3.

00: Write Mode 0: CPU data is rotated by the count in the VGA Data Rotate register.
Each map enabled by the VGA Map Mask Register (Index 02h) is written by the
rotated CPU data combined with the latch data (if set/reset is NOT enabled for that
map) or by the map’s corresponding set/reset bit replicated across the 8-bit byte (if
set/reset IS enabled for that map). The VGA Bit Mask Register (Index 08h) is used to
protect individual bits in each map from being updated.

01: Write Mode 1: Each map enabled by the VGA Map Mask Register is written with its
corresponding byte in the data latches.

10: Write Mode 2: CPU data is replicated for each map and combined with the data
latches and written to memory. The VGA Bit Mask Register (Index 08h) is used to
protect individual bits in each map from being updated.

11: Write Mode 3: Each map is written with its corresponding Set/Reset bit replicated
through a byte (Enable Set/Reset is ignored). The CPU data is rotated and ANDed
with the VGA Bit Mask Register (Index 08h). The resulting mask is used to protect
individual bits in each map.

6.6.20.9 VGA Miscellaneous

Index 06h
Type R/W
Reset Value xxh
VGA Miscellaneous Register Bit Descriptions
Bit Name Description
7:4 RSVD Reserved.
3:2 MEM_MAP Memory Map. This field controls the address mapping of the frame buffer in the CPU

memory space.

00: Memory Map 0: A0000 to BFFFF (128 KB)
01: Memory Map 1: A0000 to AFFFF (64 KB)
10: Memory Map 2: BO00O to B7FFF (32 KB)
11: Memory Map 3: B8000 to BFFFF (32 KB)

1 ODD_EVEN Odd/Even. When set to 1, this bit replaces the CPU A0 address bit with a higher order bit
when addressing the frame buffer. Odd maps are then selected when CPU A0 = 1, and
even maps selected when CPU A0 = 0.

0 GPH_MD Graphics Mode.

0: Text mode operation.
1: Graphics mode operation.
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6.6.20.10 VGA Color Don’t Care

Index 07h
Type R/W
Reset Value xxh
VGA Color Don’t Care Register Bit Descriptions
Bit Name Description
7:4 RSVD Reserved.
3 CM_PR3 Compare Map 3. This bit enables (bit = 1) or excludes (bit = 0) map 3 from participating
in a color compare operation.
2 CM_PR2 Compare Map 2. This bit enables (bit = 1) or excludes (bit = 0) map 2 from participating
in a color compare operation.
1 CM_PR1 Compare Map 1. This bit enables (bit = 1) or excludes (bit = 0) map 1 from participating
in a color compare operation.
0 CM_PRO Compare Map 0. This bit enables (bit = 1) or excludes (bit = 0) map 0 from participating
in a color compare operation.

6.6.20.11 VGA Bit Mask

Index 08h
Type R/W
Reset Value xxh
VGA Bit Mask Register Bit Descriptions
Bit Name Description
7:0 BT_MSK Bit Mask. The bit mask is used to enable or disable writing to individual bits in each map.

A 1 in the bit mask allows a bit to be updated, while a 0 in the bit mask writes the contents
of the data latches back to memory, effectively protecting that bit from update. The data
latches must be set by doing a frame buffer read in order for the masking operation to
work properly. The bit mask is used in write modes 0, 2, and 3.

6.6.21 Attribute Controller Registers

The attribute controller registers are accessed by writing an index value to the Attribute Controller Index register (3C0h) and
reading or writing the register using the Attribute Controller Data register (3COh for writes, 3C1h for reads).

Table 6-57. Attribute Controller Registers Summary

Index Type Register Reset Value Reference
-- R/W Attribute Controller Index/Data/Data xxh Page 379
00h-0Fh R/W EGA Palette xxh Page 379
10h R/W Attribute Mode Control xxh Page 380
11h R/W Overscan Color xxh Page 380
12h R/W Color Plane Enable xxh Page 381
13h R/wW Horizontal Pel Panning xxh Page 381
14h R/W Color Select xxh Page 382
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6.6.21.1 Attribute Controller Index/Data

Index Address 3C0h
Data Address 3C1h (R)

3CO0h (W)
Type R/W
Reset Value xxh

The attribute controller registers do not have a separate address for writing index and data information. Instead, an internal
flip-flop alternates between index and data registers. Reading Input Status Register 1 (3BAh or 3DAh) clears the flip-flop to
the index state. The first write to 3COh following a read from Input Status Register 1 will update the index register. The next
write will update the selected data register. The next write specifies a new index, etc.

Attribute Controller Index Register Bit Descriptions

Bit Name Description
7:6 RSVD Reserved.
5 INT_PAL_AD Internal Palette Address. This bit determines whether the EGA palette is addressed by

the video pixel stream (bit = 1) or by the Attribute Controller Index register (bit = 0). This
bit should be set to 1 for normal VGA operation. CPU 1/O accesses to the palette are dis-
abled unless this bitis a 0.

4:0 DATA_RG_INX Data Register Index. This field addresses the individual palette and data registers.

6.6.21.2 EGA Palette

Index 00h-0Fh
Type R/W
Reset Value xxh
EGA Palette Register Bit Descriptions
Bit Name Description
7:6 RSVD Reserved.
5:0 COL_VAL Color Value. Each of these 16 registers is used to expand the pixel value from the frame

buffer (one, two, or four bits wide) into a 6-bit color value that is sent the video DAC. The
EGA palette is “programmed out of the way” in 256 color mode. These registers can only
be read or written when the Internal Palette Address bit in the Index register (3COh) is 0.
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6.6.21.3 Attribute Mode Control
Index 10h

Type R/W

Reset Value xxh

Attribute Mode Control Register Bit Descriptions

Bit Name Description

7 P5:4_SEL P5:4 Select. When this bit is a 1, bits [5:4] of the 8-bit VGA pixel value are taken from
bits [1:0] of the Color Select register (Index 14h). When a 0, bits [5:4] of the pixel are
taken from bits [5:4] of the EGA palette output.

6 PEL_W Pel Width. This bit is used in 256 color mode to shift four pixels through the attribute
controller for each character clock. Clearing this bit shifts eight pixels for each charac-
ter clock.

5 PEL_PAN_COMP | Pel Panning Compatibility. When this bit is a 1, the scan lines following a line com-
pare are immune to the effects of the pel panning. When this bit is a 0, the entire
screen is affected by pel panning, regardless of the line compare operation.

RSVD Reserved.

EN_BLINK Enable Blink. When this bit is a 1, attribute bit 7 is used to cause a character to blink
(bit 7 = 1) or not (bit 7 = 0). When this bit is 0, attribute bit 7 is used as a background
intensity bit.

2 EN_LGC Enable Line Graphics Codes. When this bit is 0, the 9th Dot in 9-wide character
modes is always set to the background color. When this bit is 1, the 9th Dot is equal to
the foreground color for character codes COh-DFh, which are the line graphics charac-
ter codes.

1 MON_EMU Monochrome Emulation. When this bit is a 1, the underline in 9-Dot mode extends for
all nine Dots and an underlined phrase will have a continuous line under it. When this
bit is 0, the underline is only active for eight Dots, and an underlined phrase will have a
broken line under it.

0 GR_MODE Graphics Mode. When this bit is 1, graphics mode is selected and pixel data from the
frame buffer is used to produce the pixel stream. When this bit is 0, text mode is
selected, and text attribute and font pattern information is used to produce the pixel
stream.

6.6.21.4 Overscan Color

Index 11h
Type R/W
Reset Value xxh
Overscan Color Register Bit Descriptions
Bit Name Description

7:0 OVER_COLOR Overscan Color. This value is output as the pixel value to the video DAC when the Dis-
play Enable signal from the CRTC is inactive.
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6.6.21.5 Color Plane Enable

Index 12h
Type R/W
Reset Value xxh
Color Plane Enable Register Bit Descriptions
Bit Name Description
7:4 RSVD Reserved.
3 EN_CO_PN3 Enable Color Plane 3. This bit enables color plane 3. It is ANDed with it corresponding
pixel bit and the resulting 4-bit value is used as the address into the EGA palette.
2 EN_CO_PN2 Enable Color Plane 2. This bit enables color plane 2. It is ANDed with it corresponding
pixel bit and the resulting 4-bit value is used as the address into the EGA palette.
1 EN_CO_PN1 Enable Color Plane 1. This bit enables color plane 1. It is ANDed with it corresponding
pixel bit and the resulting 4-bit value is used as the address into the EGA palette.
0 EN_CO_PNO Enable Color Plane 0. This bit enables color plane 0. It is ANDed with it corresponding
pixel bit and the resulting 4-bit value is used as the address into the EGA palette.

6.6.21.6 Horizontal Pel Panning

Index

Type
Reset Value

13h
R/W
xxh

Horizontal Pel Panning Register Bit Descriptions

Bit

Name

Description

74

RSVD

Reserved.

3.0

HPP

Horizontal Pel Panning: This field specifies how many pixels the screen image should
be shifted to the left by.

Bits [3:0] Mode 13h 9-Wide Text Mode Panning for All
Panning Panning Other Modes

0000 0 1
0001 -
0010 1
0011 -
0100 2
0101 -
0110 3
0111 -
1000 -
1001 - - -
1010 - - -
1011 - - -
1100 - - -
1101 - - -
1110 - - -
1111 - - -

O O N O 0o b~ W N
N o o0 AW N = O
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6.6.21.7 Color Select
Index 14h
Type R/W
Reset Value xxh
Color Select Register Bit Descriptions
Bit Name Description
7:4 RSVD Reserved.
3:2 P[7:6] P7 and P6. These bits are used to provide the upper two bits of the 8-bit pixel value sent
to the video DAC in all modes except the 256 color mode (mode 13h).
1:0 P[5:4] P5 and P4. These bits are used to provide bits 5 and 4 of the 8-bit pixel value sent to the
video DAC when the P5:4 Select bit is set in the Attribute Mode Control register (Index
10h[7]). In this case, they replace bits [5:4] coming from the EGA palette.

6.6.22 Video DAC Registers

Video DAC palette registers are accessed by writing the Palette Address register at the read or write address, then perform-
ing three reads or writes, one for each of the red, green, and blue color values. The video DAC provides an address incre-
ment feature that allows multiple sets of color triplets to be read or written without writing the Palette Address register again.
To invoke this feature, simply follow the first triplet read/write with the next triplet read/write.

The original IBM video DAC behavior for read operations is:

AW N =

5) Loop to step 2.

) CPU initiates a palette read by writing INDEX to I/O address 3C7h.
) Video DAC loads a temporary register with the value stored at palette[INDEX].
) Video DAC increments INDEX (INDEX = INDEX + 1).

) CPU reads red, green, blue color values from temporary register at I/O address 3C9h.

The original IBM video DAC behavior for write operations is:

AW N =

5

Loop to step 2.

CPU initiates a palette write by writing INDEX to 1/0O address 3C8h.

CPU writes red, green, blue color values to temporary DAC registers at I/O address 3C9h.

)
)
) Video DAC stores the temporary register contents in palette[INDEX].
) Video DAC increments INDEX (INDEX = INDEX + 1).

)

Table 6-58. Video DAC Registers Summary

Adzgess Type Register Reset Value Reference
3C8h RO Palette Address (Write Mode) 00h Page 383
3C7h RO Palette Address (Read Mode) 00h Page 383
3C7h RO DAC State 00h Page 383
3C9%h R/W Palette Data 00h Page 380
3C6h R/W Pel Mask 00h Page 380

382
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6.6.22.1 Video DAC Palette Address
Read Address 3C8h

Write Address

3C7h (Palette Read Mode)

3C8h (Palette Write Mode)

Type RO
Reset Value 00h
Video DAC Palette Address Register Bit Descriptions
Bit Name Description
7:0 ADDR Palette Address.

6.6.22.2 Video DAC State

Read Address 3C7h

Write Address --
Type RO
Reset Value 00h
Video DAC State Register Bit Descriptions
Bit Name Description
7:2 RSVD Reserved.
1:0 DAC_ST DAC State. This register returns the DAC state for save/restore operations. If the last
palette address write was to 3C7h (read mode), both bits are 1 (value = 11). If the last
palette address write was to 3C8h (write mode), both bits are 0 (value = 00).

6.6.22.3 Video DAC Palette Data
Read Address 3C%h
Write Address 3C9h

Type R/W
Reset Value 00h
Video DAC Palette Data Register Bit Descriptions
Bit Name Description
7:6 RSVD Reserved.
5:0 CO_CPN_VAL Color Component Value. This is a 6-bit color component value that drives the video
DAC for the appropriate color component when the current palette write address is used
to address the video DAC in the pixel stream.
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6.6.22.4 Video DAC Palette Mask
Read Address 3C6h
Write Address 3C6h

Type R/W
Reset Value 00h
Video DAC Palette Mask Register Bit Descriptions
Bit Name Description
7:0 PAL_MSK Palette Mask. These bits enable their respective color bits between the final VGA 8-bit

pixel output and the DAC palette. The bits are ANDed with the incoming VGA pixel value

and the result used to address the palette RAM.

6.6.23 VGA Block Extended Registers

The Extended registers are accessed by writing an index value to the CRTC Index register (3B4h or 3D4h) and reading or
writing the register using the CRTC Data register (3B5h or 3D5h). See the description of the I/O Address Select bit in the
Section 6.6.17.1 "VGA Miscellaneous Output" on page 356 for more information on the I/O address of the CRTC registers.

Table 6-59. Extended Registers Summary

Index Type Register Reset Value Reference

0030h R/W ExtendedRegisterLock FFh Page 385

043h R/W ExtendedModeControl 00h Page 385
(Note 1)

044h R/W ExtendedStartAddress 00h Page 385
(Note 1)

047h R/W WriteMemoryAperture 00h Page 386
(Note 1)

048h R/W ReadMemoryAperture 00h Page 386
(Note 1)

060h R/W BlinkCounterCtl (for Sim/Test) 00h Page 386
(Note 1)

061h R/W BlinkCounter (for Sim/Test) 00h Page 387
(Note 1)

070h R/W VGALatchSavRes 00h Page 387
(Note 1)

071h R/W DACIFSavRes 00h Page 387
(Note 1)

Note 1. R/W when unlocked, RO otherwise (see Section 6.6.23.1 "ExtendedRegisterLock" for details).

384
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6.6.23.1 ExtendedRegisterLock

CRTC Index 030h
Type R/W
Reset Value FFh
ExtendedRegisterLock Register Bit Descriptions
Bit Name Description
7:0 LOCK Lock. A value of 4Ch unlocks the extended registers. Any other value locks the extended

registers so they are read only. If the extended registers are currently locked, a read to
this register will return FFh. If they are unlocked, a read will return O.

6.6.23.2 ExtendedModeControl

CRTC Index 043h
Type R/W
Reset Value 00h
ExtendedModeControl Register Bit Descriptions

Bit Name Description

7:3 RSVD Reserved.

2:1 VG_RG_MAP DC Register Mapping. These bits determine the DC register visibility within the standard
VGA memory space (A0000h-BFFFFh). Note that the VGA address space control bits
override this feature. If the Miscellaneous Output register RAM Enable bit is 0, all VGA
memory space is disabled. Or, if the Memory Map bits of the Graphics Miscellaneous
register are set the same as these bits, then the VGA frame buffer memory will appear in
this space instead of the GUI registers.

00: Disabled
01: AO0OOOh
10: BOOOOh
11: B800Oh

0 PACK_CH4 Packed Chain4: When this bit is set, the chain4 memory mapping will not skip DWORDs
as in true VGA. Host reads and writes to frame buffer DWORDs are contiguous. When
this bit is 0, host accesses behave normally and access 1 DWORD out of every 4. Note
that this bit has no effect on the VGA display refresh activity. This bit is only intended to
provide a front end for packed SVGA modes being displayed by DC.

6.6.23.3 ExtendedStartAddress

CRTC Index 044h
Type R/W
Reset Value 00h
ExtendedStartAddress Register Bit Descriptions
Bit Name Description
7:6 RSVD Reserved.
5:0 ST_AD_RG Start Address Register Bits [21:16]. Start Address Register Bits [23:18]: These bits
[21:16] extend the VGA start address to 24 bits. Bits [17:10] are in Start Address Hi (Index 0Ch),
and bits [9:2] are in Start Address Lo (Index 0Ch).
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6.6.23.4 WriteMemoryAperture

CRTC Index 047h
Type R/W
Reset Value 00h
WriteMemoryAperture Register Bit Descriptions
Bit Name Description
7:0 WR_BASE WriteBase. Offset added to the graphics memory base to specify where VGA write oper-

ations start. This value provides DWORD address bits [21:14] when mapping host VGA
writes to graphics memory. This allows the VGA base address to start on any 64 KB
boundary within the 8 MB of graphics memory.

6.6.23.5 ReadMemoryAperture

CRTC Index 048h
Type R/W
Reset Value 00h
ReadMemoryAperture Register Bit Descriptions
Bit Name Description
7:0 RD_BASE ReadBase. Offset added to the graphics memory base to specify where VGA read oper-

ations start. This value provides DWORD address bits [21:14] when mapping host VGA
reads to graphics memory. This allows the VGA base address to start on any 64 KB
boundary within the 8 MB of graphics memory.

6.6.23.6 BlinkCounterCtl

CRTC Index 060h
Type R/W
Reset Value 00h

This register is for simulation and test only.

BlinkCounterCtl Register Bit Descriptions

Bit Name Description
7 HLD_CNT Hold Count. When set, prevents the blink counter from incrementing with each leading
edge VSYNC.
6:5 RSVD Reserved.
4:0 BLNK_CNT Blink Count. The blink counter is loaded with this value while the Sequencer Reset reg-
ister is in the reset state.
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6.6.23.7 BlinkCounter

CRTC Index 061h
Type RO
Reset Value 00h

This register is for simulation and test only.

BlinkCounter Register Bit Descriptions

Bit Name

Description

7:5 RSVD

Reserved.

4:0 BLNK_CNT

Blink Count. These bits provide a real-time blink counter value. This register is not syn-
chronized to the system clock domain.

6.6.23.8 VGALatchSavRes

CRTC Index 070h
Type R/W
Reset Value 00h
VGALatchSavRes Register Bit Descriptions
Bit Name Description

7:0 VGA_LSR

VGALatchSavRes. This register is used to save/restore the 32-bit VGA data latch.
When the CRTC index register is written, an internal byte counter is cleared to 0. Four
successive reads or writes to the CRTC data register at this index will return or write
bytes 0 (bits [7:0]), 1 (bits [15:8]), 2 (bits [23:16]), then 3 (bits [31:24]) in sequence.

6.6.23.9 DACIFSavRes

CRTC Index 071h
Type R/W
Reset Value 00h
DACIFSavRes Register Bit Descriptions
Bit Name Description

7:0 DACIFSR

DACIFSavRes. This register is used to save/restore the VGA palette interface logic
state. When the CRTC index register is written, an internal byte counter is cleared to 0.
Four successive reads or writes to the CRTC data register at this index will return or write
bytes 0 (bits [7:0]), 1 (bits [15:8]), 2 (bits [23:16]), then 3 (bits [31:24]) in sequence.
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